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UNI TED STATES OF AMERI CA
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+ 4+ + + +
ADVI SORY COW TTEE ON NUCLEAR WASTE ( ACNW
173rd MEETI NG
+ 4+ + + +
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+ 4+ + + +
VOLUME | |
ACNW WORKI NG GROUP MEETI NG ON USI NG MONI TORI NG TO
BU LD MODEL CONFI DENCE - DAY 1
+ 4+ + + +
The Advi sory Conmittee net at 8:30a.m in
Room T-2B3 of the U.S. Nucl ear Regul atory Commi ssi on,
One VWhite Flint North, 11555 Rockville Pike,
Rockville, Maryland, DR M CHAEL T. RYAN, Chai rnan,
presi di ng.
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JAMES H. CLARKE, Menber
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P-ROGCEEDI-NGS
(8:34 a.m)

4) OPEN NG REMARKS AND | NTRODUCTI ONS

CHAI RVAN RYAN: The neeting will conme to
order, please. This is the second day of the 173rd
neeting of the Advisory Conmttee on Nucl ear Wste.
During today's neeting, the Commttee will conduct a
wor ki ng group neeting on using nonitoring to build
nodel confi dence.

The neeting is being conducted in
accordance with the provisions of the Federal Advisory
Commttee Act. Latif Handan is the designated federa
official for today's session.

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

It is requested that speakers use one of
the m crophones, identify thensel ves, and speak with
sufficient clarity and volune so they can be readily
heard. It is also requested that if you have cel
phones or pagers, you kindly turn themoff. Thank you
very much

| mght also add there is an overflow
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room And this presentation, what we hear at the
table, will be broadcast to the room next door so
folks there <can hear and also sonme of the
conversations picked up on the m crophone. So those
of you in the audience recall that what you say will
likely be transmtted next door.

| think we have a bridge |ine open for
participants from PNNL. However, it being 5: 30,
nobody is on that line as yet. And we'll announce
t hem when they arrive on the tel ephone.

Wthout further ado, I'"m going to turn
over the neeting to Dr. Janmes Carke, who is going to
run this session and tonorrow s session as well. Dr.
Clarke, take it away.

MEMBER CLARKE: Thanks, M ke.

SESSION |: ROLE OF MODELS AND MONI TORI NG PROGRAMS

| N LI CENSI NG

MEMBER CLARKE: Wl cone, all of you, and
thank you for attending this ACNW working group
nmeeti ng on using nonitoring to build nodel confidence.
Monitoring and nodeling; in particular, the nonitor
and nodeling interface, are of great interest to the
Comm ssion and to the Commttee.

Qur focus for these neetings is to answer

t he question, how can we use nonitoring to not only
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denonstrate conpliance but to build nodel confidence
as wel | ?

Also, in a related area, the Conmttee
will be | ooking at the use of nonitoring and nodel i ng
to evaluate the reliability and durability of
institutional controls. And we woul d appreciate any
t hought s you 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 sel ect the
speakers and panelists. As all of you know, Latif
Handan of the ACNW staff has played a major role.

Qur neetings have been organi zed around
four sessions. Today we will |ook at the role of
nodel s and nonitoring prograns and |icensing. And
this afternoon we wll look at case studies for
eval uating radionuclide releases and groundwater
cont am nation

Tomorrow s neeting will include two
addi ti onal sessions on field experience and insights
and opportunities for integrating nodeling and
noni t ori ng.

W have invited a very capable group of
presenters and panel nmenbers, including

representatives fromthe Departnment of Energy and the
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national |abs, private consulting firns, and waste
managemnent conpani es, U.S. Geol ogi cal Survey, the U S.
Environnental Protection Agency, and the Nuclear
Regul at ory Conmi ssi on.

W have a very tight schedule. And, in
fairness to all of the participants, we need to stay
on schedule. | 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 nmade their presentations
and the panel has had an opportunity for discussion.

Pr of essor George Hornberger has agreed to
| ead the panel discussions. He is, as you know, a
former nmenmber and Chairman of the Conmttee. And we
greatly appreciate his participation and | eadership
role in these neetings.

Qur first speaker is Vernon Ichimura from
Ener gy Sol uti ons-Dur at ek- Chem Nucl ear, who will talk
about the role of nodeling in |icensing.

5) THE LI CENSEE' S PERSPECTI VE ON THE ROLE OF

MODELS AND MONI TORI NG | N DEMONSTRATI NG COVPLI ANCE

WTH LI CENSI NG CRI TERI A

DR I CH MJRA: Good norning. | amhere to
talk about alittle different perspective, conm ng from

the side of being a licensee. And | would like to
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thank the ACNWfor this opportunity.

My goal is to kind of give you kind of an
overvi ew of what kind of nodels we use and how we use
nodels to denonstrate |licensing, conpliance wth
licensing requiremnents.

What | wanted to do is begin with an
overview slide and tell you a little bit about what |
would like to talk about. 1'mgoing to talk alittle
bit about the Barnwell site, where |I'm enployed at,
and gi ve you kind of general statistics and, in doing
so, talk a little bit about some things that we do
about nonitoring and nodeling. |1'Il do a quick review
of the regul ations.

And what | tried to do today is focus on
t he neasurenments and, finally, in the use of nodels.
And I'Il try tointegrate all these topics together to
the extent that | can. And hopefully in making a
generalization, I'mtrying to focus on the two bottom
criteria, where we focus on neasurenents in the use of
nodel s.

About the Barnwell site, it was basically
licensed in 1971. The initial license area was
approximately 13 acres. The current license area is
about 235 acres.

Approximately 12 mllion ~curies of
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radi oactivity have been received. And after decay,
there are about 3 mllion remaining today. The
current area for disposal is 105 acres. There are ten
acres of the site remaining, of its capacity, of the
area that we can di spose of waste.

Much of the area of the site is conposed
of buffer area in ancillary facilities. There is
approximately 28 m|1ion cubic feet of waste di sposed.
And the remai ning capacity is sonmewhere in the
nei ghbor hood of about 2 mllion cubic feet.

O the 105 acres, since people are going
to be tal ki ng about capping in the afternoon, about 96
acres of the site is capped with enhanced cap. The
area that is not capped is basically called with what
they call mnutial clay cap.

W are located in the south central
section of South Carolina, adjacent to the Savannah
River site. It is in the County of Barnwell. | use
that term"BWWF," which | won't use nuch in this talk
It refers to the Barnwell waste nanagenent facility.

It conposes of a nunmber of ancillary
facilities, including the burial site, which we wll
focus on today. It is in what we call a coastal plain
geol ogic province, and it is conposed of primarily

sand, clay, a little bit of cobble. Towards the
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coast, thereis alittle bit of limestone in the area
of the site. There are little pods of |inestone, but
there aren't any beneath the site.

This is an interesting slide. This is an
air photo of the facility and the ancillary
facilities. What | wanted to point out is this is
north to the top of the page. The groundwater fl ow
beneath the facility basically goes fromnorth to
sout hwest beneath the facility. There are ponds,
wat er managenent ponds.

The facility is managed so surface water
runoff fromthe facility is mnimzed. Al water is
collected on site and perced or evaporated back into
t he at nosphere.

The supporting facilities are |ocated
towards the south side of the facility itself. The
area that is kind of the shaded grass, the dead grass
area, is actually conpleted or finished cap.

Groundwater basically recharges this
facility and eventually daylights in the creek on the
bottom which is off the screen. And I'll show you
that inafollowup talk. Wuat I"mgoing to try to do
is relate how groundwat er | eaves the facility, enters
a creek, and enters what we call a conpliance area or

conpl i ance | ocati on.
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This is a photo of a trench. This is
trench 86, the | argest trench we have ever built. And
it's located on the south side of the facility.

What is interesting about this trench, it
was open in 1996. So it's fairly old. And it's
al nrost near the end of its life. Wat | wanted to say
here is in the south, when you ook at this in termns
of a nodel or in ternms of soneone who manages
radi oactivity in general, thisis a very big chall enge
because you have waste packages within vaults, nmany
vaults, various different kinds of waste packages,
wast e packages fromdifferent sources.

So the source term when you think of
nodeling in itself is a challenge fromthe nodeler's
standpoint, fromthe focus on the m croscopic side of
nodel i ng.

To give you kind of statistics, the
cylindrical vaults are roughly eight feet in dianeter,
nine feet high. The rectangular vaults are roughly
ten by ten by ten, in that kind of a magnitude. The
cylindrical vaults wei gh approxi mately 40, 000 pounds.
For rectangular vaults, they are somewhere on the
order of 70,000 pounds full.

In the foreground, these are reactor

pressure vessels. And at the bottom of the screen,
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this is what we call the nonitoring pipe. This is a
pi pe by which we nonitor fluids beneath the trench
itself.

Regul ations. | just thought | would focus
and spend a few mnutes on this slide. |It's very
i nportant fromour perspective that we denonstrate by
nmeasurenent or by nodel during operation and after
site closures that concentrations of radioactive
materials that may be released to the genera
environnment generally is less than 25 mlliremto any
nmenber of the public.

So to denonstrate by nmeasurenents and/ or
nodel inplies that in some cases where we cannot make
t he measurenents or we have to make projections, we
al nost have to nodel

What | thought here, | would bring up a
slide to put it in perspective, what we are focused on
as afacility. W have tried to operate the facility,
first of all, do it safely and within regul ati ons.

The ot her thing that we al ways focus onto
do this work within regulations is we have to focus on
the real dose to workers. W always bring this up
because t he average radi ati on dose to a worker in 2005
is somewhere on the order of about 241 mllirens.

In the environment, on the other hand,
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we' re focused on the hypot hetical dose to the public.
And what | want to point out here is the average
annual hypothetical dose to the public is negligible
because the scenarios that we construct for nodeling
do not exist. The hypothetical dose at the conpliance
| ocation is five mllirem And | wll expand nore
about that topic later on this afternoon. M focus,
again, this afternoon would be on t he groundwater and
surface water.

Ckay. At our facility, we focus on
nmeasurenents. And nmeasurenments are inportant because
they are easier to defend. They are al nost very
concrete. Models have a | ot of paraneters that take
nmeasurenents upstreamto a conpliance location or to
a conpliance nunber.

We neasure at various locations. W
nmeasure around the disposal site. This is an
operational type neasurenent, not an environmenta
t ype nmeasurenent, during operations.

W nonitor around enclosed and open
di sposal trenches on the disposal site at boundary and
conpliance location and at far afield off-site
| ocations. And in the nost distant |ocation, we
nmoni t or background for our facility at distances up to

six mles away. W currently make about somewhere on
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the order of about 10,000 neasurenents a year of
vari ous types.

W focus on all pathways. And | have one
exception to this. W don't have aninmals on this
slide. W do not analyze aninmals. W analyze direct
exposure, like open trench with direct ganma. W | ook
at airborne by air sanplers. W nonitor surface water
stalls, plants, and groundwater.

The nost inportant radi onuclide from our
standpoint, as it would well be for nost people who
operate facilities like this, happens to be tritium

Qur tendency, at our facility, we tend to
use very sinple nodels or well-docunment ed nodel s t hat
have been checked. Fromthe operations standpoint,
the operations folks have a tendency to use
cal cul at or - based, very sinpl e nodel s that are based on
theoretical principle. And I'll expand a little bit
by giving you sone exanpl es of what they m ght be.

When we use conplicated nodels, we have a
tendency to use conmercial or public donmain nodels or
simul ated. W always run validations. W check the
nodel results when we can w th measurenents.

In very inportant cases where the nodels
i nvol ve what is perceived to be very inportant; for

exanpl e, inthe groundwat er and surface wat er pat hway,
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we have independent peer review. And |I'Il give you
sone kind of time frame on what it takes to do this
wor K.

Ckay. Wiat | amgoing to do now i s going
totalk alittle bit about sone exanpl es, sone nodel s
that we have used, and talk about themin general
Hopefully in generalizing | don't cone up with a wong
per cepti on.

In the case of operating a trench, like |
showed you, trench 86 before was a very big trench
And it's wi de open and has many, many waste packages.

At some times there are opportunities to
pl ace waste packages in various |ocations. And what
we try to dois in particular cases where waste
packages are questionable, we estimte boundary dose
as a result of placing these packages at various
| ocations in the trench or constructing trenches at
various |ocations on site.

So the question that we always ask
oursel ves, you know, what kind of shielding is
required or in the process where do we pl ace the waste
in the trench or the configuration of the waste? In
t hese cases, the tendency woul d be to use very sinple
i nverse square | aw nodels or M croshi el d.

The bottomline is about the direct gamma
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radi ati on. Using these types of nodels, we al ways
verify with nmeasurenents at conpliance |ocations by
TLDs.

This is one. W estimte radionuclides at
the site boundary in surface stall and surface water.
In cases where we have traces of anmount of
radi oactivity on the I and surface, a question that we
ask ourselves is, can we leave it there and is it
saf e?

So an exercise of this type woul d be done
by analyzing this concentration of what is in the
soils. W do erosion calcul ation and nmeasurenents.
And we use runoff calculations and erosion
neasurenents to estimate what the radionuclide
concentration mght be at the boundary. And, of
course, we always verify by measurenents.

Finally, this is one that we use. W
esti mat e radi onucl i de concentrationin groundwat er and
surface water from information that we receive on
site. In this particular case, we're | ooking at
tritium And we're trying to project radionuclide
concentrations at the conpliance |ocation.

Here we make nmeasurenents of radionuclide
concentrations near the source. W use neasurenents

of hydraulic data to develop a nodel. And we perform
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groundwat er and transport nodeling. And, finally, we
verify with neasurenents

Finally, | would like to say that we
believe that the role of nopbdels is needed to
denonstrate conpliance from our perspective. W
al ways renmenber that nodels are a sinplification of
reality. Because nodels have coefficients which |unp
a whol e bunch of processes together, they contain
numrer ous assunpti ons.

Ve, finally, feel that the nodels need to
be checked by neasurenment to the extent possible. And
as new i nformati on becones avail abl e, we update thee
nodel s or we update the methods we use to nodel and
denonstrate conpliance.

MEMBER CLARKE: Thank you, Vernon.

Movi ng, David Scott, Radiation Control
also talking about the role of nonitoring from a
| i censee perspective.

MR. SCOIT: Good norning. Wat | would
like to tal k about this norning is our experience with
nmonitoring groundwat er in support of i cense
term nation at the Yankee Nucl ear Power Station in
Rowe, Massachusetts.

Briefly, the operational history at the

plant is a pressurized water reactor that operated
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from 1960 to '92, was built adjacent to the Shernman
Reservoir in the Northern Berkshires of Massachusetts
usi ng a vapor contai nnent design. Power output was
initially 485 negawatts. And that was updated in 1963
to 600.

The pl ant permanent|y ceased operationsin
1992. And we know that early in plant history,
operational history, there was a significant |eak in
the ion exchange pit.

The fuel cladding for the first 14 years
was stainless steel. And during the period from 1960
to '80, the spent fuel pool did not have an interior
stainless steel liner. These are some factors that
may have led to the contam nation that we see in the
gr oundwat er .

This is a picture of the site shortly
after deconmm ssi oni ng began where the facade of the
turbine building was renoved and nost of the plant
structure still remained. That was in the mdst of
removi ng the vapor containment. Here is a shot of the
cool ing water, Sherman Reservoir.

And this is as the site | ooked a coupl e of
weeks ago. Al the structures are renoved. Large
excavations have been backfilled. They're just

acconplishing final site grade as we speak.
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The potential groundwater-contam nating
events that we are aware of, as | said, the spent fuel
pool was unlined from 1960 until '80. And we first
identified a leak in the ion exchange pit in 1963,
whi ch was repaired in early '65.

Ther e was out si de st orage of contam nated
materials earlier in the plant operating history.
There was sone redistribution of soil contam nation
related to renoval of snow and over-land flow from
precipitation events.

Ther e was one i nci dent of the reactor head
inmpacting the site of the containnent during a
refueling outage that resulted in some outside soi
condemmation. And there was an underground drain pipe
| eak in the radwaste warehouse, which was unearthed
and repaired, but there was some residual soi
contam nation that was left to be dealt with at
decomi ssi oni ng.

A couple of criteria for i cense
termnation at the plant. All pathways need to be
|l ess than the total effective dose equival ent of 25
mllirens per year. And all residual radioactivity as
wel | is reasonably achievabl e.

Tritium concentrations in the resident

farmer's well nust be | ess than 20, 000 pi cocuries per
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liter with the average yield of that well serving a
famly of 4 averagi ng about .665 gallons per m nute.
And t hen t here are ot her groundwat er cont am nants t hat
must be less than limts that are defined in the LTP
i cense condition.

The first ten nonitoring was redrilled at
the sitein 1963, shortly after deconm ssi oni hg began.
Twenty-four wells then were added during four
additional drilling canpaigns throughout the '90s.
Virtually all of these wells were in a shall ow out wash
aquifer that's 25 to 30 feet deep.

And then there are two additiona
nmonitoring points: Sherman Spring, which has been
noni tored as part of the RENT programsince 1965; and
the plant potable water supply well, which is
conpl eted i n bedrock, beneath the surfacial deposits.

These initial monitoring wells and
sanpling points were sanpled periodically, not quite
on a quarterly basis but generally a couple of tines
a year, and analyzed for tritium ganmm enitters, and
chem cal constituents.

One round of analysis was conpleted for
strontium90. And the results of these anal yses
identified atritiumplune, the naxi mumconcentration

of whi ch was about 5, 000 picocuries per liter. And it
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was centered nore or |ess on the spent fuel pool ion
exchange pit, which were two adj acent structures, and
ext ended down gradient fromthere.

This plunme doesn't show very well, but
hereis the I X pit. And the hottest part of the plune
is there and extends practically 600 feet down
gradient fromthere.

In 2003, we did a conprehensive revi ew of
t he groundwat er nonitoring activities to date and cane
up with several recomendations. They included we
t hought we needed to drill some additional wells to
fully characterize the deeper aquifers beneath the
outwash and inprove several procedures, those for
drilling, sanpling, and analysis of the resulting
sanpl es.

W wanted to do a better job of defining
the data quality objectives. W wanted to use a new
nmet hod of drilling, rotosonic drilling, which gave us
nore control over sealing of aquifers as we proceeded
deeper and gave us better core sanples so that we
could  better characterize nmaterials we were
encount eri ng.

W changed from bailing groundwater
sanples to a lowflow sanpling technique. And we

instituted a regular quarterly sanpling program W
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al so standardized and expanded the |ist of
radi onucl i des for which we anal yzed to 22.

The suites of radi onuclides that we | ooked
for were determ ned by |location on the site and the
historical site assessnment and what we believed were
reasonabl e contam nants to | ook for.

The new |l ocations for the wells were based
on the site geology. There are internediate sand
depths within a lodgnment till that underlies the
stratified drift. And then we al so conpl eted several
wells in bedrock. Sone are as deep as 300 feet
beneath the |odgnent till or, | should say, the
t hi ckness, t ot al t hi ckness, of unconsol i dat ed
material, which includes the stratified drift and
| odgnment till and glacial acustern deposits beneath
that in sone cases is 300 feet. And so we had to
penetrate as nuch as 300 feet before getting into the
bedrock in sonme pl aces.

W conpleted several wells in nests at
several locations across the site to give us a
vertical profile of contam nant |evels and vertical
groundwat er fl ow potenti al s.

So in 2003, we installed 17 additiona
wells with the rotosonic method. And using this

nmet hod, we tel escoped nunerous casing so that each
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time we encountered a di fferent wat er-bearing zone, we
woul d seal that off so that we were sure that we were
not causing any cross-conmmuni cation between various
units as we proceeded deeper. This nethod all owed us
to characterize the conpl ex strati graphy and det erm ne
the vertical distribution of tritium

W explored the entire thickness of
sedi ments and shal | ow bedrock down to a maxi mum dept h
of 295 feet to the top of rock. And then typically we
would drill into rock only 15 or 20 feet. And the
bedrock surface is fractured enough that it was
wat er - beari ng and we coul d derive a sanple fromthat.

The results of the 2003 investigation
confirmed that tritiumwas the only plant radi onucli de
in groundwater. W also confirmthat there is a
tritiumplume in the shall ow aquifer.

We saw a maxi mum concentrati on of about
3,500 picocuries per liter. And it is aligned with
t he direction of shall owgroundwater flow, whichis to
t he northwest towards the Deerfield River as it exits
t he Sherman reservoir. However, for the first tinme we
identified a second tritiumplune, which occurs in
deeper sand | enses within the | odgenment till.

Here t he maxi numconcentration of tritium

is 45,000 picocuries per liter. And the alignnment of
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this plume is also toward the Deerfield River. W
found tritium in one bedrock well of about 5,000
pi cocuries per liter.

That' s the depiction of thetritiumplune.
Agai n, here's the vapor containnment. The spent fuel
pool is right off this corner. And so you can see
that the nobst concentrated part of the plunme occurs
right in the vicinity of the I X pit and the trend is,
again, to the northwest, off towards the Deerfield
Ri ver.

DR HORNBERGER: That's in the outwash?

MR. SCOTT: That's right. This is the
shal | ow aquifer plune. This is a depiction. Wl
it's contours of groundwater elevations in the shel
or plume. And it sinply confirns that groundwater
flow is indeed towards the northwest. The vapor
containnment is right here. And so the plune follows
this same alignnent.

This is a different groundwater fl ow path
in a sub-basin of the site that is really up gradient
of the industrial area and has not been significantly
i mpact ed by radi onucl i des.

Here's a depiction of the tritium
concentrations in the deeper sand units, 300 to 100

feet deep. Again, the nbst concentrated portion is
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right at the IX pit spent fuel pool vicinity. It
appears to be trending, you know, contrary to the
groundwat er flow, which in the deeper zones is again
basically towards the northwest, but we think that
this may sinply be the result of our distribution of
wells, available wells, that didn't give us a full
pi cture of the distribution.

So in "04 we went back and drilled some
nore wells, again using the rotosonic nethod. W
chose locations that would bound the plunes and give
us sone confidence that we had fully defined the
extent.

And we did some work to study the
i nterconnectivity between the aquifers by nonitoring
gr oundwat er levels wth data-logging pressure
transducers, which were installed in wells and
noni t ored over several weeks to nonths.

Basical ly t he gr oundwat er fl ow
characteristics are that flowin the shall ow aquifer
isrelatively fast, to hydraulic conductivity of about
five feet per day. The net flowrate in the deeper
groundwater is nuch slower. And it's controlled by
t hese discontinuous sand lenses that are within a
| oner perneability matrix of | odgenent till.

This is the shall ow plune as we mapped it
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after the ' 04 i nvestigation, when the additional wells
were installed, same basic shape of the plunme. It

el ongated a bit towards the north. | think that was
probably a function of just a slightly higher
concentration that we neasured in this cluster of
wel l's during that quarterly nonitoring period.

So what we know about the source of the
tritiumplumes is we believe the prinmary source is a
spent fuel pool/IX pit conplex. The maximumtritium
concentration occurs close to these structures, both
in the shall ow and the deeper aquifers.

W know the I X pit |eaked in '63 and was
repaired early in '65. A second line of evidence is
that the REMP nonitoring detected tritiumin Shernman
Spring, which is about 550 feet down gradient of this
structure, first detected back in 1965 at peak | evels
of about 7 million picocuries per liter. And this was
in the period right after the I X pit was repaired.

And since thenit's declined continuously
and was | ess than 200 pi cocuries per liter since 1993
except recently we have seen sone m nor spi kes rel at ed
to denplition activities just |ast year.

The IX pit was enptied in '95 and
denolished in "05. And, simlarly, the spent fuel

pool was enptied in 2003, right after the fuel was
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removed to dry cask storage, and al so denolished in
' 05.

The contam nant transport mechani sns we
believe the tritiumand the deeper groundwater al ong
deep foundati ons and pi pi ng adj acent to the spent fuel
pool at |IX pit, our nested wells have confirned that
there is a dowmward fl ow potential in the vicinity of
t hese structures.

W think that the tritium becane trapped
or retarded in these deeper sands and slowly diffuses
into the shallow aquifer. And it is this condition
that may sustain the | ow concentration shall ow pl une
or plume in the shall ow aquifer, which otherw se nay
have attenuated by now.

This is a depiction of the ion exchange
pit and spent fuel pool. The |eak occurred in this
area. And we think it travelled through the
relatively perneable backfill around the structures
and beneath them

And this is the isolated sand | ens that
the well with the highest concentration of tritiumis
conpleted in. And you can see the vertical distance
between the bottom of the |owest structure of the
spent fuel pool and this sand is only a few feet.

Youreally can't seeit, | guess, fromthe
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blurred scale, but this is a 30-foot interval. So
it's about five feet between the top of this sand and
the bottomof this fuel chute, fuel transfer chute in
t he spent fuel pool.

This mp, plan view map, shows the
orientation of several cross-sections across the site,
the A, A cross-section is aligned, basically parallel
to the shall ow groundwater flow. And this next slide
is a cross-section, EAA cross-section along that
orientation.

What this shows is here is the vapor
containment. The ion exchange pit and spent fuel pool
are right here. And, again, the data show us that the
hi ghest concentrations of tritiumare directly beneath
t hese structures and they trend t owards t he nort hwest.
There is a fairly concentrated conponent that goes to
a depth of 100 feet or nore.

This outer contour line is a 500
pi cocuries per liter. And this does not inply that
all the material within this boundary has that
concentration of tritium It sinply outlines the
outer bounds of where we see it. The tritiumoccurs
in these sand stringers, but this intervening nmatrix
of | odgenment till is virtually dry.

Just this past winter, we instituted our
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latest drilling program where we drilled an
additional 17 wells. W installed three multi well
clusters, oneright at the I X pit leak | ocation. This
was really the first tinme we could get access to that
area because of all of the ongoing denolition
activities.

These clusters, well clusters, were sited
to confirmthe plunme source and al so the absence of
any addi ti onal radi onuclides in groundwater ot her than
tritium And we did sone testing to better define the
interconductivity of the aquifers. W also replaced
a fewwells that were abandoned earlier in the program
to facilitate plant denolition

This is sinply a site map show ng the
current distribution of wells that are going to be
noni tored going forward as part of our |ong-term
nmonitoring program There are currently, | believe,
53 wells. Again, this is the central core area of the
site where the vapor containment fornerly sat.

So our prelimnary results of the |atest
i nvestigation show us that tritiumis still the only
pl ant-rel ated radi onuclide in groundwater. Drilling
results also confirmthat the sand | enses in the deep
till are of limted extent.

W conducted punping tests in several of
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these wells to determ ne the hydrogeol ogi c paraneters
of hydraulic conductivity and sortivity for key sand
lenses. And we did this with a 24-hour constant rate
test in the well with the highest tritium
concentration.

W also conducted several t wo- hour
pressure transient tests in 12 selected wells to test
t he hydraul i ¢ connecti on between vari ous sand | enses.
And during these tests, we used pressure transducers
to nmonitor water |levels in several nearby wells.

A nunerical fate and transport nodel of
the systemis currently under devel opnent. And this
nodel will incorporate the stratigraphic nodel that
has been developed fromdrilling results; the water
| evel nmeasurenents that have been made with the
pressure transducers; of course, the groundwater
sanpl e anal ytical results; and the results of punping
tests.

This nunerical fate and transport nodel
will be used to validate our site conceptual nodel and
to predict tritium concentrations at the conpliance
point at various times in the future as well as to
denonstrate conpliance with the criteria for |icense
term nation.

The | essons we have |learned from these
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investigations is that, first, there are multiple
aquifers at the site. The initial work had only
concentrated on the shallow aquifer. And we showed
that that was not show ng us the whol e picture.

Contam nation mgrates through multiple
aquifers to depths greater than 100 feet.
Hydr ogeol ogic investigation nmust be an iterative
process whi ch buil ds upon things that you have | ear ned
in previous work. It's inportant to develop a
hydr ogeol ogi ¢ conceptual site nodel, which aids youin
pl acenent of wells and understanding contam nant
transport mechanisns and allows you to estimte
aqui fer characteristics.

W think long-term data trends are
inmportant to track. They allow bias detection in the
groundwat er quality data. They allow you to identify
seasonal fluctuations and ultimately to identify new
cont am nant rel eases shoul d they occur.

Wat er | evel noni tori ng has been
instructive to us. It can denonstrate connection or
i solation of discrete aquifers. And it's certainly
useful for calibration of numerical nonitoring.

The early investigations at Yankee were
not sufficiently rigorous. As | said, the nonitoring

wells were not deep enough. And there was little
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regul atory invol venent.

W found that it was useful to engage al
t he stakeholders to get their input so that we could
satisfy all the questions. W found that we needed to
anal yze for a wi de suite of radi onuclides nore so than
had been done early on and also to include
non-r adi ol ogi cal constituents for site closure
because, in addition to requirenments of the NRC for
license termnation, there are state and |oca
requi renents as wel | .

Now, specifically | thought | wouldtry to
respond to a couple of the questions that were posed
for this workshop, the first one of which is why are
groundwat er conpliance nonitoring data not used to
enhance confidence in nunmerical nodels after site
characterization and |licensing is conplete?

At least regarding operating power
stations, from what we have seen, groundwater
characterization during pl ant desi gn and constructi on,
whi ch, of course, was 40 years ago or nore, was not
sufficiently detailed to support contam nant fate and
transport nodeling. G oundwater nonitoring nethods
were in their infancy when the | ast power station was
built. And so we have cone a |ong way since then.

Ve bel i eve ri gorous gr oundwat er
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i nvestigation should occur during plant construction
or license extension activities with wells drilled
near a down gradient from key sources of primary
water. And those would include, of course, the spent
fuel pool, refueling water storage tanks, and
condensat e tanks.

And data from this detailed initia
i nvestigation could then be used to build a nuneri cal
nodel and al so to respond to contam nant rel eases nore
expeditiously because the stratigraphy and the
groundwat er flow directions, contam nant flow paths
woul d al ready be known. And several nonitoring points
woul d be in place.

Long-term groundwater nonitoring data,
then, that would result frominsulation or conpletion
of thisinitial detailed investigation would allowyou
to detect contaminant releases, to refine your
nuneri cal nodel by nonitoring any changes in state
variables that are neasured over tinme. And these
woul d i ncl ude hydraul i c head, water tenperature, tidal
i nfluence, surface water stage, and contam nant
concentration tenporal trends. And these include
tritium which we found to be a very useful early
detector, early indicator of rel eases.

O course, there may be hydrocarbons and
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solvents and their degradation products and sone
i norganic constituents as well. Boron, of course,
which is added to primary water, can be another
i ndi cator that could be useful to track

Question 6, what new rmethods and
anal ytical tools are avail abl e t hat shoul d be pursued?
Two things come to mnd here. G oundwater age
determi nation by nmeasuring a ratio of tritiumto
helium3 nmay inprove calibration of sonme nodels of
groundwat er systenms. It could aid in the definition
of groundwater flow paths and identify contam nant
transport zones.

W tried this investigatory tool at Rowe
with limted success. And | think the reason is the
conpl ex stratigraphy of these isolated sand |enses
created m xing of different groundwater ages. And we
could not quantify the mxing ratios. And so, as a
result, the ages that resulted fromour anal ysis were
not useful. But | think it could be useful in other
sites.

And, finally, soil-gas surveys, which
woul d | ook for helium3 or tritiumcould be useful for
delineating shallow tritium plunmes and also as an
early warning indicator of rel eases.

That concl udes ny remarks. Thank you for
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inviting ne today. And | would be happy to respond to
any questions.

MEMBER CLARKE: Thank you, David. W are
going to hold the questions until after the panel is
fini shed.

MR. SCOIT: Ckay.

MEMBER CLARKE: Next speaker is Jim
Shepherd, NRC. He will address the role of nodels in
deci si on-maki ng for the Commi ssi on.

6) THE STAFF' S PERSPECTI VES ON THE USE OF

GROUNDWATER MONI TORI NG AND MODELI NG FOR

REGULATORY DECI SI ON- MAKI NG

MR. SHEPHERD: Good norning. It is always
a pleasure to be here to discuss one of ny favorite
subjects. In a half and hour or so, ny good friend
Mark will tell you why these conplex nodels are not
needed in all cases. That sinple problem should
remain sinple. Wat | amhere to talk about is the
conpl ex si de.

Per haps you will recall a couple of years
ago, Gary Stairwalt and | gave you a denonstration of
Earth Vision and some rather detailed nodels we
devel oped of the Sequoyah fuel site. There are many
ot her sites, perhaps not quite that conplex, but in

urani umrecovery, other parts of the fuel cycle power
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reactors, as you have just heard, especially with the
recent tritiumrel eases, that are currently or will in
the foreseeable future undergo deconm ssioning and
have a signi fi cant amount of contam nation, especially
in the subsurface.

So, in the words of Albert Einstein, we
like to keep everything as sinple as possible but not
sinpler. So | will begin with a brief overview of 3-D
nodel s, tal k about a coupl e of specific exanpl es, sone
potential applications that we have in mnd, and then
a concl usi on.

There are a lot of words here which |
won't read. Experience has taught us that we have to
account for variability in subsurface, stratigraphy,
as well as the hydrology in order to identify the
axillar potential mgration of radionuclides during
the time they're in the ground after being rel eased
fromthese facilities.

Oten the data is presented to us in
tabular format. And especially over several years,
it's very difficult, at least for me, to identify
potential mgration or axillar migration paths shown
in reans of paper of many tables of data.

| believe that a nore detail ed eval uation

that can identify concentrations of vol unes, rates and
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mgration calculation of vol unes  of specific
concentration, and so on, is very useful.

So why a 3-D nodel, instead of a 2-D nodel
or tabular data? First, the type of nodel, rather
than directly evaluating the data, provides a visual
pi cture of what is going on.

Oten survey data is reported by survey
unit. Adjacent survey units nay actually be sent to
us at different periods of tine, ranging fromweeks to
nont hs apart. So it can becone very difficult to try
and maintain a nmental picture of what is going on at
a particular site.

Many of the decommi ssioning sites have
nore than one water-bearing unit beneath the site. A
2-D nodel can expl ore each of these individually. W
can do physi cal or graphical overlays. But it becones
difficult to try and show both the overlays in the
tenporal changes in a 2-D format.

The 3-D nodels rise admirably to this
chal l enge, | believe. They can be cut, sliced, diced,
rotated, various pieces turned on and off, and even
turned into time-lapse novies in sone cases.

We use the results of these nobdels in
t hree di stinct areas of decomm ssioning. The first is

on recei pt of the deconm ssioning plan. W need to
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determ ne whether the licensee's characterization of
the current conditions of the site is, in fact,
accurate and adequat e.

That is, have they identified what the
contam nation is, the isotopes, the physical and
chemi cal forms, and so on? Have they identified where
the contam nation is? Is it in tanks, in sunps, in
cracks or joints in the floors, inthe soil, or is it
m grating through the groundwater?

And also we need to know how nuch
contam nation thereis; that is, hownmuch vol une woul d
need to be excavated in order to neet release
conditions for the license.

The second t hi ng we | ook at i s whet her the
pl anned activities will, in fact, renediate all of the
contamnation that wll allow the |icense to be
released for the specific conditions, generally
unrestricted use. And that has to take into account
the projected | and use and the pathways for whoever
the appropriate | and users will be. | find that naps
help both nme, the licensees, and the public have a
better wunderstanding of what is going on in this
pr ocess.

After renedi ati on has been conpl eted, the

| i censee t hen nust conduct the radi ol ogi cal surveys to
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denonstrate conpliance. As with the characterization
data, there are often very large volunes; in fact,

nore volume in general than the characterization
because now t hey nust prove that they neet the rel ease
l[imts.

And, in addition to the base nunbers under
Marson, there is also the statistical analysis and
bounds and verifications. 1In some cases, where there
are poi nt val ues that exceed t he deri ved concentrati on
guideline limts for points, they need the supporting
data to have t he el evat ed nmeasur enent areas eval uat ed.
So the volune of data becomes very difficult to dea
with.

Then, of course, there are the conditions
under which Mrson does not apply, construction
mat eri al s, subsurface soil, groundwat er, whi ch nost of
the sites that we deal with, in fact, have so that the
data vol unme grows exponentially.

As with the characterization, | find it
much sinpler to | ook at a picture of the data and the
concentrations. And that allows nme to focus nore on
pot enti al probl em areas.

It's also, again, a very useful tool in
explaining to the public what contam nation is there,

where it is, where it has noved, and where it nmi ght go
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in the future.

In the rare case that we would end up with
a site that was unable to neet release criteria, we
woul d have a restricted release condition. And, by
definition, then, there would be sone residual
contami nation renmaining on site that would have the
potential for mgration. And that potential needs to
be evaluated to determ ne whether the institutional
controls will perform

Are the right things being nonitored? Are
t hey being nonitored in the right place? And are they
bei ng nonitored at the right interval s? Again, these
ki nds of questions | feel can be answered usefully
with the use of this kind of nodeling.

Now to nove to a coupl e of exanpl es, which
| will go through very briefly. W don't have tine
for all of the background. Kiski Valley was a
non-1licensee that came to possess licensable
guantities of materials by concentrating effluents
froma licensed site, legally rel eased effluents; and
the Big Rock Point reactor, which is undergoing
decomi ssi oni ng.

At the Kiski Valley site, contam nation
was urani um contam nated sludge ash with an average

concentration of 147 picocuries per gram 4 percent
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enriched froma nearby fuel cycle facility.

The regulatory limts for the discharge
were always net by that facility. The Kiski Valley
Water Pol lution Control Authority and its contractors
did a great deal of characterization of the site
t hrough extensive sanpling of the |agoons.

As | wll show you in a couple of
pictures, the staff fornmed a dose assessnent based on
this characterizationin the nodels and concl uded t hat
it was not necessary for Kiski Valley to do any
further renediation.

This is one picture of the site that shows
what we call a chair cut through the facility. You
can see the color coding. The |lower concentrations
are in the deeper purple, noving up to the higher
concentrations in the red. There is actually a
relatively small armount of the high concentration
material. I1t's overlain by a |large anmount of the | ow
concentration. And we feel that it's really very |ow
i kelihood that an individual would actually get into
t he high concentration naterial .

This is another view. What | woul d point
out here in the lower right corner, there's a
cal cul ation of the volune of material that exceeds 30

pi cocuries per gram which translates roughly to an
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unrestricted release limt of about 4,600 cubic feet,
all of which would have to be excavated, in addition
to the even |ower concentration material that was
physically on top of it.

In this case, | reduced the concentration
di splayed to only that above 800, the highest
concentration nmeasured. And you can see that the
total volune is about 14 cubic feet.

So there would be a very large vol une of
mat erial renmoved in order to get toarelatively snal
volunme of high-risk material. And, again, we
concl uded that that was not a risk-informed decision
and determ ned that the operator of the site need not
perform any further renedi ation.

Next we will look quickly at Bi g Rock.
This site is adjacent to Lake M chigan, which is a
site north from the contai nment vessel. There are
several geologic units underlying the site, which |
will show you in a cross-section in a nonment.

In 1984, thelicenseeidentifiedarupture
of a condenser l|line. They estimte they rel eased
about a mllion curies of tritiumin the vicinity of
t he underground of the turbine buil ding.

Duri ng t he early decomi ssi oni ng

activities, one of the wells that nonitored a
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potential groundwater unit, unit 4 you'll see in the
next slide was abandoned in order to pave over the
area that would be used to renobve the containnment
vessel or the reactor vessel fromthe containnment.

That well had earlier shown an el evated
concentration of tritium And, as you will see in our
slide, it potentially cane fromthis rel ease. And our
concern was whether or not there was an unnonitored
flow path for that contam nant

The units are nunbered fromthe bottomup:
bedrock in green, a couple of clay units. Unit 4 is
basically a sand unit. It would not qualify as a
drinking water aquifer. The yield does not appear
adequate. But it's in this unit that we are concerned
with the mgration

This section is |looking to the north. So
to the left is west. And you can see if you adj ust
the scale nentally that there is about a one percent
westerly tilt. And there is no |onger a westerly well
nmonitoring this unit.

This is another view It identifies the
t hi ckness of the various units. The dark brown in the
mddle is unit 4. The boxes show the screen zone of
various wells in that unit.

In this case, we're looking to the east
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southeast. So the well is to the north of the
contai nnment that you can see in this vicinity here.
And very little, if any, of the screenis actually in
the unit as nodel ed.

Now, bear in mnd that this is a nodel of
the licensee's data, as opposed to a fact, but it
rai sed enough questions that in our discussions with
the licensee and t heir geol ogi sts, we determ ned t hat
additional nmonitoring of that unit was warranted.
And, in fact, they put in tw additional wells to nake
us feel better and to ensure that they could
denonstrate conpliance with the release criteria.

O her potential applications for 3-D
nodeling. 1In conplex systens, we feel that it is
necessary. W can | ook at contam nant mgration, both
ai r bor ne, di sper si on, surface water transport,
groundwat er transport, depending on the avail able
dat a.

Fi nal status surveys displayed in
graphical form for nme at |east are nmuch easier to
understand than |ooking strictly at colums of
nunbers.

There are sone additional uses of the
data. One is to identify where conpliance nonitoring

shoul d be done. This concept is being coordinated

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

45

wi th Research and their project, which | believe Tom
is going to talk about |ater.

W can | ook at pl acenent of wells for punp
and treat, if youwill, if that is an effective nmethod
of renmediation in the particular nmedia. And it's
useful for calculating volunes that need to be
excavated or punp and treat. And we can use that, in
part, to both |ook at whether the Ilicensee is
physically performng the activity and what the
associ ated costs woul d be.

Future uses. W can graphically display
a land use in exposure-type scenarios. W can
identify institutional control boundaries or physi cal
or geopolitical features that coul d serve as potenti al
control boundari es.

W can do things such as ground cover
ingrowh as a tine-lapse function. And we integrate
both the subsurface nodeling and the dose nodeling
anal ysi s.

I n conclusion, we are using 3-D graphics
effectively and usefully. W look at time variants in
the nodel. W are currently using it at existing
sites and plan to use it for sites that we either
currently have not conpleted or that we expect to

receive.
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W have conpl et ed about 20 conpl ex sites.
There are currently 35 nore on the list. In addition
to the uraniumrecovery sites, there are 130 sites.
There are 103 operating power plants that wll
deconmmi ssion in the foreseeable future, a nunber of
fuel cycle facilities. Al of these we believe wll
be classified as conplex and would be very usefully
addressed with this nodeling.

Currently in t he decomi ssi oni ng
di rectorate we have about 30 people working full-tinme
on deconmm ssioning with our own efforts and the
support efforts of other offices, such as Research
even the CGeneral Counsel. W' re extending sone 90
FTEs per year on decomm ssioning. And this is a tool
that we believe can hel p us.

MEMBER CLARKE: Jim thank you very rmuch.

W have one nore presenter before the
break: Mark Thaggard fromthe NRC.

MR. THAGGARD: Ckay. Good norning. |
supervise the staff here that's responsible for
revi ewi ng and eval uati ng dose anal ysi s for
decomri ssioning sites and also for revi ewi ng
performance assessnent for non-high-level waste
di sposal facilities. W have kind of Iike a dual

m ssi on here.
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| want to begin by saying that | think the
genesis for this workshop actual ly started a coupl e of
years ago, when one of ny staff nenbers, Dr. Esh, whom
you are going to be hearing from shortly, presented
our performance assessnment approach for the West
Vall ey site.

During his presentation, there were sone
guestions that cane about as to whether or not we were
usi ng exi sting groundwater contam nation data at the
site to calibrate performance assessnent nodel s.

| just wanted to say that, in general, if
there is data avail able, we certainly use that data to
try to help calibrate any analysis that we're
per f or m ng.

In the context of deconmm ssioning, there
may be sone linmtations to our ability to do that. |
think sone of the sites that Jimtal ked about may be
nore the exception, rather than the rule. And |I hope
kind of that will cone out through my presentation.

| want to begin by just briefly touching
upon the regulations for decomm ssioning. This is
i mportant because it affects the type of anal ysis that
needs to be done.

|"m not going to spend a lot of tine on

this because | think nost of you are probably already
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famliar with these requirenents, but basically there
are two ways that a site can be deconmi ssioned. One
is for unrestricted release. And you have to neet a
25-mllirem dose limt, a 1,000-year conpliance
period. The main thing | wanted to point out here is
that the assessnent here, we're | ooking at inpacts on
site, sonmebody coming on site using the site in the
future.

So for the nost part, there really isn't
a need for doi ng sophi sticated environnmental transport
nodel i ng when you' re | ooki ng at sonmebody com ng on t he
site and their being exposed to the radiation that's
remai ni ng.

The second release criteria is for
restricted release. In that case, you can inpose sone
type of land use restrictions onthe site to mnimze
t he exposures. There is the higher dose limt in the
event that the restrictions fail. You do have to neet
the 25-mllirem dose |I|imt assuming that the
restrictions are effective.

The main thing I want to point out with
that particular requirenment is that generally there
are two analyses that need to be perforned. One
anal ysis | ooks at inpacts off site in the event that

the restrictions were effective in terns of keeping
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sonmebody fromdoing things on site. You still need to
| ook at what would be the inpacts off site.

The second analysis would |ook at the
i npacts assuming the restrictions failed. And that
woul d be anal ogous to the unrestricted rel ease case.
But in the case of looking at the inpacts off site,
there may be a need in that case to do sonme nore
sophi sticated environnental transport nodeling because
you are actually transporting, |ooking at the
transport materials off site.

The NRC decomnm ssions roughly 300 sites
each year. Most of these are done through our
regional offices. Mst of themdon't have
envi ronnental contanmination. They're just building
contam nation. The nore conplicated sites, such as
the ones that Jimtal ked about, are handl ed here at
headquarters.

O the nore conplicated sites that we
handl e here at headquarters, there is only a limted
nunber that we know of right now that have existing
groundwat er contanmi nation. There is also a very snall
nunber of sites where there is sone consideration
being given to releasing the site with land use
restrictions. So just keep those two points in mnd.

Most of the deconmi ssioning is done, as |
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sai d, because it's done through our regional offices
and it doesn't involve any type of environnental
contami nation. You are only | ooking at building
contam nation. Most of the deconm ssioning is
actually acconplished through the use of screening
tabl es that the NRC devel oped.

W have al so devel oped screening tables
for decomi ssi oni ng sites t hat have soi |
contam nation. One of the assunptions in order to
apply those screening tables is that you have to
denonstrate that there is no existing groundwater
contam nation. So you will probably need sone
nmonitoring information in that case to make that
denonstration

Most of the anal ysis because nost of the
sites that we're | ooki ng at for deconmmi ssi oning, we're
| ooking at unrestricted release. W're |ooking at
i npacts on site. Most of their analysis is done using
a conput er code cal |l ed RESRAD, whi ch was devel oped by
t he Departnent of Energy.

Sonme sites, nore conplicated analysis is
needed if there is existing groundwat er contani nation
at the site. Aso, as | indicated, if the site is
proposing to release the site wth |and use

restrictions, then there may be a need for doi ng nore
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sophi sticated analysis in that case, but for the nost
part, those are sonmewhat |imted. The nunber of sites
that we're dealing with in those two categories is
sonmewhat |imted.

| just want to briefly touch upon the
RESRAD code because, as | indicated, nobst of the
anal ysis that i s done i n deconm ssi oni ng i s done usi ng
this code. It is a fairly sinple code.

| would be the first to admit that ny
background is in groundwater hydrology. |If there is
an opportunity to do nore conplicated nodeling, we
woul d probably doit. But in nost cases, there really
isn't.

The RESRAD code assunes basically 1-D
vertical transport. It assunes no dispersion in the
unsaturated and the saturated zone. Basically what
RESRAD code is it cal cul ates the break-through curve
of contam nants | eaving the unsaturated zone and any
contam nant that |eaves the wunsaturated zone is
assumed to i nstant aneously reach t he groundwat er wel |,
which is for the nost part assunmed to be i mredi ately
down gradient from the contam nation source. There
really isn't much in the way of contam nant transport
nodel i ng.

RESRAD does al so cal cul ate the anpunt of
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time it takes for the maxi num concentration to get
into the well. So there is a need to specify sone
hydrol ogi ¢ paraneters within the code, including the
di spersion coefficient because it does account for
absorption in the contam nated zone, the unsaturated
zone, and the saturated zone.

| want to talk a little bit about how we
can integrate nonitoring information w th RESRAD.
First of all, as | indicated, there is alimted
nunber of hydrol ogic paranmeters that you do have to
specify for the code, things such as hydraulic
conductivity for the three different zones, porosity,
bul k density, things like that. So if you have
site-specific characterization data, youcan certainly
use that information to hel p define those paraneters.

Anot her way that you can use nonitoring
information within the RESRAD code is -- and people
have attenpted to do this -- the code will try to
calculate an effective Kd value if you have a site
wi th existing groundwater contam nation and you know
when that contam nation source originated.

| f you put that information in the code,
it will try to back-cal culate an effective Kd val ue.
And peopl e have tried to do that with limted success,

primarily because nost peopl e don't have a good handl e
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on when t he contam nati on source originated. So there
is usually some uncertainty with that.

Another limtation is that RESRAD only
calculates a single Kd value for the three different
zones. So it's basically assum ng that the Kd val ue
for the contam nated zone, the unsaturated zone, and
t he saturated zone, that they're all equivalent. And
in nost cases, we're looking at different types of
nmedia. So that assunption is probably not valid.

And then the third limtation is that if
you have got radi oactive decay products, then you have
to do sone special consideration in order to try and
handl e those. So we found very limted success in
being able to use existing groundwater data to help
calibrate Kd val ues.

Exi sting groundwat er data can be hel pful
interns of giving us sone broad i ndi cati on of whet her
or not it's likely for contam nants to migrate down to
the water table. For exanple, if you' ve got a site
wher e you have got a source that's been exposed to the
open envi ronnent for several years and you' ve got sone
exi sting groundwat er data that shows that none of the
cont am nants have reached t he groundwater, that gives
you sonme broad indication as to |ikelihood of stuff

mgrating dowmn in the future. So you can make sone
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broad statenents with the information.

As | indicated, for sites that do have
exi sting groundwater contam nation, there nay be a
need to do nore conplex nodeling, sone nore
sophi sti cat ed groundwat er nodeling, interms of trying
to figure out what is the appropriate renediation
met hod, how much remedi ation i s needed.

And i f there is existing groundwater data,
we can certainly use that information to try and help
calibrate the nodel. If we know when the source
originated, as | indicated, we cantry to cone up with
sonme estinmates on the velocity of the contam nant
plunme. And we have attenpted to do that.

But, as | indicated, for the nobst part,
there is usually a trenendous anount of uncertainty in
ternms of when the source originated. So you can't get
a good fix on what the velocity is because of that.

Anot her problemthat we tend to face with
sites with existing contanmination data is that a | ot
of the nonitoring prograns were set up for other
pur poses; like, for exanple, if you | ook at sone of
t he nucl ear power plants, they have the regional
envi ronnment al nonitoring program whichis a series of
wel I s around the site boundary.

Most of those wells are a significant
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di fference away fromthe source areas. So you can't
really rely on that information to give you much
insights in ternms of the contam nant mgration.
They're just too far away fromthe source.

Those are sone of the problens that we
found. Another limtation is that for a lot of the
decomni ssioning sites, the nonitoring data that they
have covers a very short period of tinme because the
primary content for decommi ssioningistoput inafew
wells and nonitor it for a short period of tinme to
denonstrate that you don't have any contam nation

So for the nost part, we don't have a | ot
of sites. W have |ongest records of data, | think.
As | indicated before, those sites that Jim pointed
out were sonme sites where we have nore extensive
anounts of data, especially for the Kiski Valley site
and maybe the Sequoyah fuel site.

So | just want to summari ze by sayi ng t hat
nost of the decommi ssioning -- and |'m not just
referring to the decomm ssioning that's done here at
headquarters. |'mtal king about broadly throughout
t he agency. Mst deconm ssioning is acconplished
through the use of screening tables because we're
dealing nostly with just building contam nation. So

there's really not much in the way of environmental
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cont am nation

If they don't use the screening tables,
the other nmeans that they primarily use is the RESRAD
code. There are limted opportunities for integrating
nmoni toring and nodeling information with RESRAD. As
| indicated, we certainly <can use nonitoring
information to help define sone of the hydrol ogic
paranmeters, gain some insights in terns of the
i kelihood of contam nants reaching the water table.

In terns  of sites wth existing
groundwat er data, right nowthere's a small nunber of
sites that we know of that have existing groundwater
contam nation. However, there's usually sone
uncertainty as to when the source originated. And in
a lot of cases, the nonitoring prograns were set up
for other purposes. So the wells may not be in
opti mum | ocati ons.

So, withthat, | don't knowif you want to
t ake questions now or --

MEMBER CLARKE: Not yet, M ke, but we'll
bri ng you back.

MR. THAGGARD: (Ckay.

MEMBER CLARKE: W're scheduled for a
break. So let's take it and resume at 10: 15.

(Wher eupon, the foregoing matter went off
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the record at 10:02 a.m and went back on

the record at 10:17 a.m)

MEMBER CLARKE: Ckay, folks. Let's get
started again. Qur first speaker is Matt Kozak from
Moni tor Scientific.

7) THE ROLE OF MONI TORI NG I N MODEL SUPPORT AND

PERFORMANCE ASSESSMVENT EVALUATI ONS

DR. KOZAK: Thanks for inviting me to be
here. In the interest of generating di scussions
later, I will try to be as controversial as possible.

MEMBER CLARKE: Unli ke you, Matt.

DR, KOZAK: | would like to really talk
about rnonitoring from a performance assessnent
perspective. And here we're tal king about perhaps
sitesthat arealittle bit nore conplicated than sone
of the screening-|level assessnents that Mark has j ust
pr esent ed.

So what | would like to do is just start
with some definitions and get into this in a mnute
but find that sometinmes people are tal ki ng about
di fferent things when they're talking about
monitoring. | would like to nake sure that that
remains clear in the interest of clarity of thought,
tal k about sone i ssues in using nonitoring informtion

in the context of performance assessnent and | ooking
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at the value of the information in terns of what we
can extract, what kind of information we can extract
out of that for performance assessnment and try to come
to sone conclusions. But | think I"'mafraid today |'m
only going to cone to inconclusive concl usions.

So sonme definitions that | would like to
point out, at least in the way that | amgoing to be
talking about it in mnmy presentation, are from ny
per spective, nonitoring our observations, |ooking at
t he dependent variabl es froma performance assessnent
per spective, not | ooki ng at the i ndependent vari abl es.
In other words, we're |ooking at concentrations. So
we're looking at the outcomes of the nodels, as
opposed to the input paraneters.

| nput for observations that woul d | ead you
to characterize the i nput parameters | woul d just cal
data collection. And so the performance assessnent
since it's prospective analysis needs all of these
paranmeters in order to run the cal cul ation, we
typically don't have information on the output
par anet ers.

So, really, in the context of data
collection, the issues are associated with setting
priorities on which data we need, which ones we shoul d

expend noney on, and so forth. The confusion cones up

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

59

because a |l ot of tinmes we use the word "nonitoring” to
mean other things. So, for instance, water |evel
nmonitoring progranms that is a groundwater nonitoring
programbut it's not nonitoring on the sense that |'m
tal ki ng about here that | would call a data coll ection
activity.

So, looking at data «collection just
briefly first, it's worthwhile rem nding ourselves
t hat performance assessnent i s a very unusual activity
in the sense that we're projecting doses over very
| ong periods of tine and we need the nodels to make
deci sions. W usually cannot observe the outcone of
t he nodel because the consequences will be happening
so far in the future. And so what we have to do is
conme to decisions in the absence of those
observations. And that inposes a |ot of different
kinds of ways of building confidence other than
actual ly observing the outconmes of the nodels.

There is good NRC guidance on the
integration of the nodeling part of perfornmance
assessnent and the data collection activities. There
are some gaps in it in ternms of how you establish
priorities and things like that. But the NUREG 1573
and sone of the NUREGs associated with the

decommi ssioning activities describe this kind of
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process in detail, how to go through an iterative
procedure to identify data collection.

Monitoring, on the other hand, again, in
the interest of <clarity of thought, we need to
di stingui sh a couple of different situations. One is
a proposed facility, where obviously we don't have
anyt hi ng we can nonitor.

The other one would be an existing
facility that may or nay not have contam nant pl une.
So obviously the useful ness of nonitoring is going to
be very different fromthese kinds of things. And ny
argurment woul d be that for a proposed nodern facility,
a nonitoring system that you could propose in a
license application for a newfacility you woul d never
expect to actually see it hit in our lifetines given
t he ki nd of designs that we're | ooking at for any kind
of waste disposal facilities.

So, really, what you have to do in that
situation, nonitoring it is nothing nore or |ess than
an approach to devel opi ng public confidence. And
technically it's largely irrelevant. So it's nore
doi ng sonet hing because it feels good to do it, as
opposed to that you technically would actually get
sone information out of this.

The one exception to that is that you may
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have sonme kind of ancillary data collection. So, for
i nstance, you nay put nonitoring wells and you nmay
| earn sonet hi ng about your saturated zone by doi ng so.
But that would be a data collection activity, as
opposed to a nonitoring activity, which is the reason
for ny distinction earlier.

So setting aside now, in addition, the
proposed facilities that nonitoring doesn't really
apply to in a sense, what can we do with nonitoring
data from existing facilities from a perfornmance
assessment standpoint?

The first possibility is that we could
have a negative nonitoring result, we don't see
anything. And this is an exanple of a disposal
facility that 1've worked on in Bul garia, the Novi Han
di sposal facility.

If you went there today, it would | ook
something like this | ower picture, and it woul d | ook
like a pretty clean, well-designed, well-naintained
facility. Unfortunately, | had al so been there ten
years previously, and | saw what the facility really
| ooked |i ke before they renediated it.

The surface i nspection suggests that there
is sone degradation of the engineered system There

probably is sonme | eakage out of the facility. That's
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just a qualitative guess.

So inthis circunstance, their nonitoring
system has not identified any |eakage fromthe
facility. There is no plune that has been observed.
Qut reaction may tell you something different.

So one of the issues that this raises is
that if you have a negative facility, it nmay or nmay
not provide confidence that your facility is working
well. And you don't necessarily know which the answer
i s because the nonitoring progranms tend to be fairly
spar se.

There is a reasonable likelihood that a
noni tori ng programnay n ss sonet hing, particularlyin
conpl ex geol ogi cal setting, which thisis. This is a
fractured rock kind of setting, which may be why they
haven't found anyt hi ng.

So here is a situation where we have a
negative. W don't know whether it's a fal se negative
or a correct negative. It doesn't really |end
anything in ny mnmnd other than perhaps false
confidence in the ability of the repository to retain
t he waste.

Ckay. Looking at the other side of
things, we could have a positive hit. This is an

exanpl e out of the I daho National Laboratory. This is
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their waste nanagenent facility out there, their
radi oacti ve wast e nanagenent conpl ex.

Here sone years ago there was a positive
hit for plutoniumin the deep i nner beds. Wtthout
going into the geology in great detail, they have sort
of a fractured system And then they have -- think of
it as clay layers in which things could stick. And
t hey observed sone plutoniumin a nonitor when they
were starting to put down sone nonitoring wells.

Those observations skewed this program
enormously. There was a |lot of information going into
monitoring to try to confirmit. Their performance
assessment was nodified to try to calibrate the
per f ormance assessnent to these observations.

Alot of work went intoit. A lot of tine
and effort were spent. And ultimately the bottomline
is nowthere is a lot of evidence fromnmultiple |ines
of evidence that these were just a false positive.

The only question at this point is why
that fal se positive occurred, not whether or not they
are false. Even at this point it's very difficult to
di scard those observations. Even though there is an
enornmous anmount of evidence that they are not
considered to be credible anynore, if you try to

di scard them from the suite of observations, you're
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going to get intotrouble politically and socially and
so forth. So, again, it's the soft side of the
performance assessnment that cones in to nake it
difficult. So that's one of the issues if you
actually get a hit, to nake sure that it is real

Then there are the true positives when you
get a nonitoring result and there actually is
something there. This is a disposal site in the
former Soviet Republic of Ml dova at Chisenau. They
observed sonme radium 226 mgration outside of the
vault. It was only about a neter outside of the vault
in a disturbed zone.

Initial performance assessnent showed that
essentially it didn't matter, by the tine it got to
groundwater, that it would have decayed away because
it was fairly | ow groundwat er transport.

There were other issues that were nore
important. As you can see here, there trees grow ng
out of the top of the vault and things |like that.

Largely, when it cane down to the
deci si on-makers, those issues were largely ignored.
And t he deci si on process that went forward was focused
very heavily on the fact that there was a little bit
of radium that had gotten outside, a short distance

out side, the vault.
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So one of the problens with a true
positive is that you get an observation. It may be
radi ol ogically inconsequential. And, yet, a |ot of
attention is focused on it. So, there again, the
interpretation and the gut reaction that people have
is that once there is sone |eakage outside of the
repository, that there is a big problemand sonething
needs to be done. And so, there again, it's not
necessarily made on technical grounds. |It's made on
intuitive grounds, if you wll.

So what does a nonitoring observation nmean
froma performance assessor's standpoint? Let's say
we have sone type of initial baseline assessnent. And
so this is presunably a nmean or a nedian curve or
perhaps a conservative curve that represents our
conpliance assessnment. And, really, what we care
about in ternms of concentration, which translates to
dose, is the peak up there. kay?

So we have gone through our [|icense
process. W have got our baseline assessment. This
conplies. The peak of this conplies. And everybody
is happy. And then we get a nonitoring hit.

Now, there are a couple of things to
notice about this. It's at a very early tinme. |It's

at a very low level, has very little to do with the
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peak. And, yet, as we have seen in these other
facilities and in our own experiences, once you get
the nonitoring hit, a great deal of effort goes in to
trying to understand that, perhaps rightly so.

Froma performance assessor's standpoi nt,
though, if | have to calibrate ny performance
assessment nowto that nonitoring hit, I'mgoing to do
one of a few things.

If you | ook at the mathematics of a
typi cal performance assessnment nodel, there are a
couple of things that | can do. First, | can cut down
onthe lag time; in other words, the delay tine, that
t he perfornmance assessnent takes i nt o account, whet her
from engi neered barriers or groundwater velocity or
what have you, and | can match that.

In terms of the confidence that | have in
conplying with the regul ati on, whi ch conmes back to the
peak, given that npst performance assessnents are
dom nated by the long-lived activity, it's not going
to make any difference in ny confidence. 1t's going
to do absolutely nothing for nme in terns of
information. So | may calibrate ny assessnent and not
change ultimately the peak very nuch at all.

Alternatively, it could nean that | have

nore dispersion in my nodel. So if | put nore
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di spersion in, I'"'mgoing to bring the peak down.

So now by calibrating it, perhaps |'ve
gotten | ess conservative in nmy assessnent. There are
very few things that | can do to ny performance
assessment that are going to give ne an earlier hit
and a higher dose unless the hit is fromvery
short-lived activity. The peak is al nost invariably
froma long-lived activity.

So what does it mean for a perfornmance
assessor if you get an early nonitoring hit? Early
arrival times from a performance assessnent
standpoint, I've tried to word it carefully here, but
"1l be nore blunt. They usually don't mean much in
terns of the peak dose. But they are perceived to be
a big problem So the difference between the
techni cal elenments of the perfornmance assessnent and
the perception of what that hit neans is really the
i ssue.

Early nonitoring hit nmay be indicative of
a greater dispersion or a fast path that's not
critical torisk. | would suggest that it's probably
unusual for a fast path like that to be a fast path or
an early hit toreally be indicative of a big problem
related to the peak dose.

Cal i bration of the performnce assessnent
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to the observation nmay actually nake it |ess
conservative. |If you're a regulator, that's probably
not the direction that you want to push the
assessment. From an operator's standpoint, it may
allowthemto rel ax sone operational ternms and limts.
So it's not that there is no value to it. [It's that
we have to be careful what value we draw from that

i nformati on.

So |l et ne sunmarize that data coll ection,
not nonitoring, data collection, is an integral part
of the performance assessnent. There's gui dance out
there on how to do it. There's a lot of value in
identifying the value of which data need to be
collected, which are the npst inportant in the
per f ormance assessnent.

From a purely technical view nonitoring
is largely irrelevant for new facilities. W wll
never expect to see a hit during our lifetines, during
our children's lifetinmes, our children to the "th
power |ifetines. However, we can use those nonitoring
networks to collect other kinds of data that are
useful for data collection.

And so in that sense, we can satisfy the
public relations objective of establishing a

nmonitoring network and collecting data that we can
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actually use technically as well.

Monitoring is, | would say, of limted
utility. W have to be very careful how we interpret
the nmonitoring results that we get for operationa
facilities or for past practice facilities.

|f we have a negative result, it doesn't
necessarily provide confidence unless we're very
careful in establishing a good nonitoring programand
spending a lot of tinme and noney and effort
establishing that nonitoring program The negatives
don't necessarily provide confidence that there is
not, indeed, a plune.

There are significant issues with false
positive because of the public perception of the fal se
positive. And true positives are of limted use in
calibrating a performance assessnment nodel because
you' re conparing sonething very early and | ow down on
the initial part of the curve and what you really care
about is the peak dose, which curves nmuch later in
time.

So we shoul dn't despise any infornmation.
Any information that we <can collect on waste
managenment systens is good. So we need to have these
kind of nonitoring progranms. However, we have to use

them very cautiously because of the potential for
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m suse, either through the political process or soci al
pressures that they can be very easily m sinterpreted.
And the tendency is that all of these cautions, that
they don't really provide a great deal of information
for performance assessnent, wll get overwhel med by
t hese social and political pressures.

So, again, ny sort of inconclusive
conclusions are that we want to have know edge about
the facility, but we have to be careful not to put too
much enphasis on nonitoring, as opposed to data
collection. Monitoring prograns should be designed
for both nonitoring and for data collection and that
we have to be very careful how we interpret the
information, not to give us too much confidence or
| ack of confidence, regardless of whether it's a
positive or a negative hit.

And that's the end of ny presentation.
"1l turn it over to David Esh.

MEMBER CLARKE: Thank you, Matt.

Qur next speaker is David Esh fromthe
NRC, i ntegrating noni tori ng Wi th per f or mance
assessnent.

DR. ESH. Thank you for having nme. 1|'m
David Esh of the Division of Wiste Managenent and

Environnental Protection. |'mgoing to apol ogi ze up
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front. | have a bit of a cold. So |I'mgoing to be
even | ess under st andabl e and pr obabl y nor e
unintelligible than usual, but you'll suffer through

it.

(Laughter.)

DR. ESH. This was an interesting topic.
| have to say up front that Matt and | didn't
coordi nate ahead of time, but you will see that the
themes in both of our presentations are very simlar.
H's is probably the commercial version, and now you
have got the government version in terns of quality.

(Laughter.)

DR. ESH. There are three main areas | am
going to talk about today: performance assessnent,
just at a high level to reiterate sone things about
what we are doing with performance assessnent; then
nodel support; and, finally, nonitoring, and how t hey
all fit together.

Performance assessnents all of you
probabl y understand are used t o denonstrate conpli ance
with the dose criteria. W do have two different
types of problens. W have one in which we're | ooking
at a proposed facility, and we have a situation where
we are looking at existing contanm nation at an

existing facility.
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In terns of integrating nonitoring
information or data collection, it's substantially
different for those two cases. The perfornmance
assessnments, if you're |ooking at either an existing
facility or a proposed facility, in many cases they
adopt conservatismto manage uncertainty.

Know edge is expensive. And there is a
| ot of uncertainty that goes into these cal cul ati ons.
One of the options to deal with that uncertainty is an
attenpt to be conservative or pessimstic on how
you're treating parameters or inputs.

In theory, the actual risk and the
per formance assessnment conpliance risk estimate woul d
be identical, but in practice, they aren't probably
simlar nmuch at all because there are a nunber of
conservati snms enpl oyed in the cal cul ati ons or at | east
froma regulator's perspective, that's what we would
hope.

| think through our regulatory process,
our revi ew process, we bias things in the conservative
direction. There nmay be rarer circunstances where you
have m ssed sonething, your conceptual nodel is
i nconpl ete, and your nonitoring data was inconpl ete,
and the data that you based your cal cul ati on on was

i nconpl ete, and you have nade a mi stake of sone sort.
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But | imagine if we could go forward in tinme and we
could conpare what we have predicted in the
performance assessnment calculations with what we
actual Iy observe, in nost cases, predom nant nunber of
cases, the projection in the perfornmance assessnent
woul d be hi gher than what we actually observe.

And that causes a problem when we're
t al ki ng about nonitoring data because we're doing this
per f ormance assessnent cal cul ation. W say, well, we
want to use nonitoring to corroborate our performance
assessment. But if you get that nunber from your
nmonitoring system it's probably not going to conpare
wel | .

So then where does that lead you? It
| eads you into the situations that Matt tal ked about,
where you're trying to adjust sonmething to nmake sone
nunbers fit that aren't going to fit by the process
that you are using to generate them

So the nodel support for the performance
assessment is very, very essential to the whole
process because these nodels are only as good, the
results fromthe nodels are only as good, as the
support that you have for the nodels.

These nodels, as we have tal ked about

earlier this norning, can't be validated in the
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traditi onal sense because of the spatial and tenporal
scal es i nvol ved, but that doesn't mean that you get to
say, well, we can't do anything for nodel validation
or confidence building. There's a lot of things that
you can do for confidence building. And we advocate
multiple lines of support or rmultiple lines of
evidence to try to support these nodels.

And fromour standpoi nt, nodel support is
essential to our regul atory deci sion-nmaking. W would
much rat her see a sinple nodel with a higher degree of
support than a very conplicated, sophisticated nodel
with little or no information to support the out put
from it. It's alot easier for us to nmake a
regul atory deci sion on the forner case, instead of the
| atter case.

Traditional nonitoring is used to observe
t he concentrati on of contam nants in the environnental
nmedi a. These nonitoring systens are rarely devel oped
to corroborate the perfornmance assessnment concept ual
nodels. The nmonitoring is used to denonstrate
conpliance with environnmental concentrations; or,
i.e., dose criteria. So you're |looking at one of the
radi onucl i de concentrations in soil, water, and air.

But t he per f or mance assessnent

calculations involve a lot nore than what you are
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getting down on the endpoint. And for the nore
conplicated problens, the ones that | work on that
have a | ot of engineering, there are a |ot of things
that go on upstreamprior to producing that nunber on
the bottomend that you can get a |ot of information
about and you can devel op a | ot of understanding.

Moni t ori ng of engi neered systens for waste
probl enms has been very limted and sporadic, but when
it has been done, in ny opinion, it's vyielded
extrenely val uabl e observations. And you're going to
hear from a couple of individuals later in this
wor kshop: Jody WAugh from Stol er Corporation for DOE
and Crai g Benson fromUniversity of Wsconsin as part
of the Environmental Protection Agency's ACAP Program

| have to commend bot h of those agenci es,
DCE and EPA, because they invested in those
i ndi viduals or their groups |earning nore about some
systens that they really didn't have to learn nore
about. \Whenever sonebody is trying to make a deci sion
on a waste problem if they get everybody to nake a
deci sion, why do they want to | earn any nore about it?

| nean, you're facing that probleminthis
work that we do. Unless there is a requirenent for
themto |l earn nore about it, they aren't going to want

to learn nore about it because they nmade their
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decision. They get to nobve on. You don't want to
know t hat you have made a bad deci sion, essentially.

(Laughter.)

DR ESH But in those situations in those
groups, they did invest in them | earning nore about
the problens. And they have both done extensive
nmonitoring of engineered CAP systens and | earning
about how t hey function, |earning about problens with
them et cetera. And at |east sonme really good rules
of thumb or guidelines |I think could be drawn out of
that information for different types of engineered
syst ens.

For these waste problens, usually that
degree of analysis or data collection doesn't occur
for whatever reason, a variety of reasons. In ny
opi ni on, maybe it shoul d.

This is a problemthat we deal with. And
|'"m speaking primarily about this situation of a
proposed facility right now And this is a horsetai
pl ot of performance assessnent, arbitrary dose units.
You get sonething that might look like this, an
earlier peak here, where your peak risk nmay be, and
then a | onger-term peak.

And now | ' ve shortened the tinme scal e and

made it a log scale on the y-axis. The point | want
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to make here is that this is a probablistic analysis
of a proposed facility. And even for the probablistic
anal ysis with uncertainty in alot of the i ndependent
vari ables, you're still |ooking at over 300 years
before you would expect to see anything in your
noni toring system

So i f you're doi ng traditiona
envi ronnental nonitoring of the system Dick Codell's
great*®* grandson woul d be sitting here at NRC | ooki ng
at nonitoring reports that have zeros in them

And | imagine that after 50 or 70 years,
peopl e start saying, "Why are we collecting this
information? What are we learning fromthis?" The
only thing you would learn is if you see sonething
early. And then it leads into the problens that Matt
t al ked about.

| think the benefit could be you certainly
want to nonitor the system but you want to devel op
your nonitoring programin concert with howyou expect
it to work considering the uncertainties.

So that mght nmean that you put aside
funds to nonitor the system but you only expend a
limted anmount of resources early in the problemwth
the expectation that you're going to devote nore

| at er.
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In this case if you're nonitoring the
system early, you may get a result. Probably the
typical result is you would get a low result. You
m ght get an early result somewhere in here, a snal
result, which causes all the things that Mtt tal ked
about: a public uproar and those sorts of things.

It would be very unlikely but possible
that you could get an early result that's high up here
because of +the specific activity, some of the
short-1lived radi onuclides. You had fast pathways that
were transmitting a substantial fraction of vyour
source. You could get a result like that.

I f this nodel is in any way reasonabl e and
it has gone through a rigorous review process, et
cetera, | would judge it to be very unlikely that you
are going to get this result. | acknow edge the
conplexity of the problens and systens we deal with
And it wouldn't surprise me at all to see sonething
here, particularly for sonething |Iike fast pathways,
whi ch we don't handle very well in performance
assessnent s.

The problemw th the fast pathways is you
al ways have to ask yourself okay. | know that there
are probably fast pathways. |f you're talking about

t he near surface, you' ve got things |like bioda,
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eart hwornms, rodents, other things, man, that punches
holes in the surface and causes pat hways. You know
all of those things exist there and they can i nfl uence
how t hi ngs may be transported.

Then you get deeper and you get into the
deep geol ogi c-type fast pathways or even man-induced
fast pat hways down bel ow. But those fast pathways nay
i npact a fraction of your source termor a fraction of
your contam nation. And it's very inportant not to
overreact to that information because you have to
understand that just because you have observed
something, it doesn't nean it's a catastrophe. But
what it tells youis, well, | needto collect alittle

bit nmore and find out what exactly I amdealing with

here. So | think it is very inportant for it to be an

iterative approach

In this nmonitoring process, | very much
bel i eve sonet hi ng our research group has tal ked about
in the past. Performance indicators -- and this is
falling along the line of data collection that was
just tal ked about. Performance indicators should be
used. And conpliance nonitoring should be
suppl emented with the nonitoring of these perfornmance
i ndi cat ors.

The indicators of the natural and
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engi neered system performance should be identified
consi dering the performance assessnent estimte. So,
as | said, information or know edge i s expensive. So
you want to nake the best use of your resources that
you have available to do that.

To me, one of the best ways to do that is
to | ook at your perfornmance assessnment results and
see, okay. Wat do | want to confirn? Wat am | nost
uncertain about? Wat is likely to lead, if anything
is likely to lead, to an unacceptable result? Those
are the things you want to nonitor of your system

These per f or mance i ndi cators are
observabl es that are precursors to the eventual dose
impact. So you nmay be | ooking at thousands of years
of delay tinme for some contaminant to reach your
boundary well or you nay be able to observe the
saturation state bel ow your engi neered tab or | ook at
flux rates bel ow your engineered facility, | ook at
things earlier inthe systemthat may be precursors to
an eventual problem And that's what these
performance indicators are. They would confirmthe

conceptual representation of your system

And in nost cases, it's expected that
t hese observed environnmental concentrations will not
conpare wel | with the performance assessnent
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estimates, as | have tal ked about earlier.

So here is an exanple. | just nade a
little picture of a sinplified problem W have a
source and a waste cell. And it can release to the
at nosphere, the unsaturated zone, saturated zone. You
have a receptor and potential river.

And then | put sonme nunbers on here. And
then what | wanted to indicate i s maybe sone types of
per formance i ndi cators you coul d use at these various
points in the system

So for all the points, 1 through 4, |
think you could make use of conservative dyes and
tracers that may go a I ong way to confirm ng how your
envi ronnmental systemis working.

| f you are dealing with a very arid system
now, even this isn't really going to work because the
transport tines of some conservative things nay be
very slowin an arid system But in a humd system or
sem -hum d system this type of approach m ght work
wel | .

And then if you actually have a problem
where you are putting in an engi neered systemor a
type of engi neered source term you night think about
introducing these materials into that part of the

probl em and not use the sane tracers and dyes t hrough
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it but use different ones in different parts so that
t hen when you put in a well near your facility and you
start nonitoring, you can tell what is comng from
wher e because the problem one of the problens, with
using environnental observations of radionuclide
concentrations is you don't know what part of the
facility that may have conme from

Some of these sites are conplicated.
There may be multiple sources. There may be multiple
pat hways. All you get is a positive hit, which
doesn't allowyou -- there are | ots of interpretations
t hat probably can cause you that positive result.

So if you are smart about how you design
the facility, you mght be able to design for these
various alternatives that you coul d get that you could
observe sone output fromyour system

An exanple that | used here is that
something 1ike npisture content rmay be a gross
i ndi cator of the saturation state of the system But
even that m ght not give you information about
nmoi sture flow rates. It just tells you the overal
bul k saturation rate. If your flow systemis
dom nated by discrete features, you're not going to
| earn an awful | ot about the saturation.

And then for barriers, | would think that
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t hese i ndi cators woul d be very specific to the barrier
type and functionality that you have. An exanple |
t hought of is that naybe for these cenentitious-type
barriers, you can evaluate the alkalinity in the water
near the barrier and the pores of the environnental
nedia, also the N2C2 stress of the barrier. That
m ght give you sone information about the bul k
properties of the barrier and its functioning.

| deal |y, though, you would want to i nvest
in sone snmall representative sanples that you could
put in the same service environnent and periodically
remove them and see if they confirm your conceptua
nodel that you had for that barrier.

Once again, this all depends on your
specific problem how inportant those things are to
your results. So you would want to put your nopst
enphasi s on t hose aspects of the systemthat are going
to be nost determ ning the performnce.

As we talked about, nonitoring is very
val uable, but it's also fraught with sone problens.
| enphasize Matt's point that caution is needed to
ensure that in interpreting the results of the
nmonitoring, which in nany cases can be very conpl ex
and al so uncertain, as a perfornance assessnent guy or

nost engi neers, you want to take a data point. And

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

84

you assune that it's good.

| f somebody put an error bar onit, well,
then that gives you some uncertainty. WIlIl, even an
error bar mght not nmean that that sanple is
representative. The information could be incorrect.

So it can also be very conplex. And the
exanple | like to think of is water table
fluctuations, which can vary daily or diurnally,
seasonally on longer time scales. So if you only
correct a few nunbers of water |evel of an aquifer
water level, you don't know which part of the
uncertainty you are looking at. And you could
interpret it very differently. So you have to have an
adequate armount of information that you don't
m sinterpret the information that you get.

One ot her caution that | have here -- and
it isadifficult one -- is that |I think you have to
ensure that your nonitoring system doesn't introduce
any pathways for water contam nants. W see that a
lot of tines at different sites, and it is a
chal l enge. You want to |earn about your system but
you don't want to cause a problem at the same tine.

Confirmation in this process using
monitoring information, it should be really biased

towards verifying the conceptual representation of
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your systemand not trying to get two nunbers that are
going to match because if you're trying to do that,
you're probably going down the wong path to begin
with.

In conclusion, these nonitoring plans
usual | y have the objective of supplying confirmation
of performance assessnent conceptual nodels, in
addition to satisfying the regulatory requirenments of
characteri zi ng the environnmental concentrations. They
certainly need to recogni ze the spatial and tenpora
chal | enges.

Monitoring should be designed into the
system You need to do that up front in concert with
your perfornmance assessnent. So what do | need to
| earn nore about? And how am | going to do that?

Confirmation of the performance assessnent
conceptual nodels is different from matching the
performance assessment output wth environnental
cont am nati on measurenents.

That's all | have.

MEMBER CLARKE: David, thank you.

At this point we're at the panel
di scussion. So everyone stay where you are. And |et
me turn it over to Professor Hornberger.

DR. HORNBERGER: Thanks, Jim
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8) SESSI ON | PANEL DI SCUSSI ON

DR. HORNBERGER: | am Geor ge Hor nberger.
| amwith the Nuclear Waste Technical Review Board
| am here on their nickel, but I will warn you that
anything | say represents nmy own opi nion and not the
opi nion of the board.

We have a little over a half an hour for
t he panel discussion because one of the nost val uabl e
things in these neetings is to give the Committee a
chance to ask questions. And we are going to end
pronptly at 11:30 to make at |east half an hour
avai lable to the Committee to ask questions.

Let ne pose sort of a question that has
arisen. W have heard a lot this norning ranging from
how Yankee is using a |lot of data and incorporating
into nodels and sone of the problens associated with
the longer-term issues, as Dave just nmentioned.
Matt's exanple was a deternministic one. Dave showed
a horse tail. There are sone differences.

The question | would |like to pose is, as
| listen to this, you people are all right there on
the firing line. And | aman academ c. GCkay? And I
always think in terms of what the industry calls the
val l ey of death, which is you devel op sone research

and it just never gets over to application.
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And so as an academc, | | ook at sone of
t hese problens, and | say, hey, there are things that
people are doing. W're doing data assimlation
where we're taking data. Even if it's not nonitoring
information, we're taking data. And we are
incorporating it into nodels in a very structured way,
accounting for uncertainty.

The risk-oriented peopl e woul d say, well,
why don't we take a Bayessi an approach? W don't have
to say, "Ch, we'll recalibrate the nodel. And now
this is truth." W can do Bayessi an updati ng.

And the question | would like to pose for
the panel | think in the discussion would be, what is
your observation on inpedinents to translating sone
research ideas like this, not necessarily those
specific ones, into practice that would be useful to
regulators or the industry? And shall we just go
around this way?

MR DAROS: H. M nane is Eric Darois.
|"ve got two hats on today and tomorrow. One is from
EPRI, and the other one is from Radi ati on Safety and
Control Services.

| have been involved wth Connecticut
Yankee, Yankee Rowe, groundwater issues. And EPR

wor k has taken ne to several other plants to do sone
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assessments and participating in some of their work.

So, wth that said, to specifically
address George's question, | |ook through what we have
been through for putting together the license
term nation plans, the dose nodeling behind it for
Connecticut Yankee and Yankee Rowe. And | think we
have got to | ook at the process that we're foll ow ng,
the road map that we're foll ow ng

The sites as they are operating today, the
nucl ear power plants at |east, have little or no
incentive to develop any site conceptual nodels,
transport nodels, or the like. | think that may be
changi ng in the next nunmber of years, but in terns of
where we are today, that is virtually nonexistent.

When they choose to decommi ssion the
sites, they go through all the regul atory processes
and notifications. And usually the first thing out of
the chute for developing in support of the LTP is
let's pull out RESRAD and let's start identifying the
i nput paraneters we need. Let's run the code. Let's
cal cul ate our DCGAs, whether they be groundwater,
soils, building surfaces. So we know what our targets
are to take the rest of the plant down. That's
exactly what happened at the deconmm ssioning sites |

have been invol ved wth.
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When Dave gave his presentation earlier
about Yankee Rowe's nodeling efforts, that is the
tail. That is the end of the process. And that is
bei ng done to satisfy ourselves, the states, NRCthat
we have got the right nunber, that we have identified
the worst of it, if you will. It's really not to
drive the limts we're living wth.

So | think the process could be a little
bit backwards. And right now there's no incentive for
anyone to look at fate and transport early. So
hopefully that will give you insight into what we have
lived anyways.

Thank you.

MR. SCOIT: Yes. | would just add --

DR. HORNBERGER: Speak your name before
you start just for the record.

MR. SCOTT: Dave Scott from Radiation
Saf ety and Control and EPRI.

You know, | woul d agree that the enphasis
has not been on characterizing a site early and using
that characterization data to devel op a nodel to al | ow
conpliance assessnent throughout the life of the
pl ant .

It isn't until deconm ssioning that these

i ssues seemto cone to the floor. And | would argue,
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as FEric, that we have got to start the process

earlier.
DR ESH It's an interesting question.
DR. HORNBERGER: Nanme?
DR. ESH. David Esh, NRC
| like to think of the valley of death, |
think, as you put it. It can be sonewhat

i nsurnountable at tines. And rmaybe the agencies
involved, like ours, play a role in helping bridge
that, | think

| f there's no requirenent to do sonething
i ke we have been discussing, thenit won't get done,
especially if it costs noney. And if it costs a |ot
of noney, you've got to show a benefit to it.

O herwise, it won't happen.

So | think the bottomline is you would
have to, nunber one, allowfor people to do that; and,
nunber two, show that it can give sone benefit, both
interns of a higher | evel of protection of the people
you are trying to protect and in sonme sort of economc
benefit to the people that coul d use that process that
are trying to solve the problem

That' s how you woul d make the i nformati on
nore, bridge the gap from the things that are

avai lable to what is actually done in practice.
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DR. KOZAK: Matt Kozak, WMonitor

Scientific.

There's not a great deal nore that | can
add, | don't think. It's really a matter of
incentive. | think the decomi ssioning world may be
a particularly egregi ous exanpl e of when peopl e want
to just get out the RESRAD and run it and just tell ne
what the answer is and be done with it.

WAst e nanagenent tends to be a little bit
better than that but not nmuch. And particularly in a
| ot of countries that | have worked in, budgets are
not large. And so you are trying to do things as
qgui ckly as possible. And there's not a great deal of
interest in trying to push forward sone of these
i deas.

MR. SHEPHERD: Ji m Shepherd, NRC.

As you probably noticed in Mark's
presentation and mne, there is sonmething of a
di sconnect between the state of the art of groundwat er
nmonitoring and the state of the art of dose nodeling.
That gap | think has a need to be bridged. | think
per haps t he academ ¢ si de can assi st us in doing that.

MR. THAGGARD: |'m Mark Thaggard, NRC
|"ve just got two points.

| kind of agree with everything that has
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been said. | just want to point out that there are
some practi cal limtations from a regulatory
standpoint in terns of the tinme and the amount of
effort that we have in terns to review ng either
decomi ssi oning projects or in terns of working on
wast e di sposal facilities.

| mean, we don't have an i ndefi nite anmount
of time to work on these things. There are tine
constraints. And so trying to integrate sonething
that's new into the process becones a little bit
difficult fromthat standpoint. So that's just one
observation | wanted to make.

The other point | wanted to nake is that
in terms of the Bayessian updating techni que, which
was the exanple that you gave, | think right now we

are having difficulty getting people to use

probablistic analysis. And so we've got to get people

to that stage first before we can nove forward into
going into things |i ke Bayessi an updating techni ques.
DR ICH MJRA: |I'm Vernon Ichinmura. And
| represent a conpany that operates a di sposal siteto
address regardi ng updates of nodels and updat es of
processes and updates of techniques that we use.
From al nost day one in the pre-licensing

process of this particular facility, the Barnwell
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facility, there was a conceptual nodel. A conceptual
nodel was used to initially describe what m ght happen
to the facility with tine. And the conceptual nobde
has been updated, and | will talk a little nore about
that this afternoon by showi ng you sone of the changes
and some of the assunptions in the conceptual nodel.

A lot of these changes that were made in
the updates of this nodel and the ensuing nunerical
nodel that follows with the conceptual nodel are based
on observations. And | hope this information wll
ki nd of enlighten you about the process by which -- it
may not have been a very formal process, but it was a
process which led to the current nodel of the facility
we have today.

DR. HORNBERGER: By the way, don't let ny
sort of questions totry to get things going deter you
fromsaying sone really bold insight that you want to
share with us. | don't nean to focus things too ruch.

It strikes nme that alot of the discussion
this morning al so goes to the fact that there are the
two kinds of cases: one where environnental
contam nation exists and you actually are neasuring
things. And the other is where you have a facility,
whet her you're decommissioning it or if you're

buil ding a new waste facility. You may expect to see
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all zeroes, at |east as Dave said, for 300 years.

What Dave descri bed has i n anot her cont ext
been referred to as performance confirmation. And |
t hi nk you used the word "confirmng."

| "mjust curious as to howthis is viewed,
both by regulators and the industry, as to how nuch
time has gone into thinking about confirmtory
nmoni tori ng and howthis shoul d both feed back into the
nodel ing sphere and also how much we can afford
because obviously it does conme down to both tinme and
expense, real dollar expense.

Does anyone have comments to share on
t hose i ssues? Go ahead, Eric.

MR. DARO S: Yes, just speaking fromthe
nucl ear power point of view, | don't think the nodels
that are in place are used to do nmuch predictive work
per se. | nmean, certainly we run themin the future.

There is often a very limted nonitoring
program that's negotiated wth the stakehol ders,
sonetines as little as 18 nont hs, sonetines as nuch as
5 years for a nuclear power plant. The objective
there is to ensure that you don't exceed sone
pre-negoti ated concentration val ue, rather than does
t he nodel predict what we're seeing holistically in a

t hr ee- di nensi onal sense.
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So | don't think there's nuch insight
that's being appli ed.

DR. HORNBERGER: | presune that sone of
the confirmation wouldn't necessarily go to flow and
transport nodeling but, rather, to whether your val ue
is remaining intact.

DR KOZAK: Matt Kozak

It is worth noting, | think, that Centre
de L' aube in France and El Cabril in Spain both have
noni toring systens that purport to capture all of the
| eachate that m ght be com ng through their vault.

There again, |I'm not entirely convinced
that they might be getting fal se negatives. They've
never seen any water cone through their system So |
don't knowif that nmeans the systemdoesn't work or if
t hey have no water in their system

That is one comment that | want to nake.
The second one is that internationally the IAEA is
spending a |l ot of time these days tal ki ng about what
used to be called in the old 10 CFR 60 days subsystem
requirenents and if you are going to take credit for
a particular function for a feature in a perfornmance
assessment, that you should be able to denpbnstrate
that you can conply with that; so if you take credit

for a particular |eakage rate through a cover, for
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i nstance, that you should have sone plan in place to
denonstrate that you can neet that requirenent.

Functionally 1'm not sure how well they
can do that, but they are pushing that idea pretty
actively these days.

DR HORNBERGER: O her comments?

(No response.)

DR HORNBERGER  How about the other case?
Do we have coments on the other case, where you
actual ly have existing contam nation? | nean, Mark's
presentation is at all very limted concern. And,
yet, he acknow edged that | think it was Wst Vall ey
that stinulated at least this, in part. And | would
argue that Wst Valley is not an uninportant
consideration for the NRC

(Laughter.)

DR. HORNBERGER: Dave says, Dave Esh says,
it's a "No. Never mnd." That's part of the record
now.

(Laughter.)

DR. HORNBERGER: Woul d you |ike to comment
on that, Dave, to get the record straight?

DR ESH: I'Il let the record stand.

MR THAGGARD: | would like to correct the

record. Mark Thaggard.
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(Laughter.)

MR. THAGGARD: | didn't mean to inply that
the sites wth existing contamnation were not
important. What | was trying to point out is that
there aren't a lot of those sites that we have
exi sting contam nation, at least in the sphere of
decomi ssi oni ng.

But clearly if you' ve got existing
contam nation, that's an area of concern. So | didn't
want to give that nessage.

DR. HORNBERGER: No. | always overstate
t hi ngs, Mark, to nake the point, but this is the other
case. And, again, Yankee with the tritiumplunme is an
exanple, right?

And, you know, perhaps to focus the
guestion, -- maybe | can chall enge Dave here -- if |
| ook at some of the data that Dave showed on maps of
the tritiumplune, it strikes ne that that plunme is
too fat. That is, there's way too nuch, in sinple
groundwat er transport nodel terms, way too much nodel
transverse dispersion. It can't be supported.

And | woul d argue t hat perhaps this shoul d
| ead one to reconsider the whole basis for that
groundwat er transport nodeling. And how woul d you use

that information to get a better handl e on what m ght
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be going on there? And you can disagree with ne on ny
concl usi on.

MR SCOIT: Dave Scott, RSCS

Dispersivity is one of those idyllic
paranmeters that are input to numeric nodels. That is
a very difficult parameter to quantify. And that has
a direct bearing on the width of a plune that you
depict. And so if we could devel op better ways of
estimating dispersivity, that would certainly help.

DR. HORNBERGER: Matt ?

DR KOZAK: Please correct ne if I'm
wong. Wile | was watching your presentation, | was
doing sone quick calculations on the back of an
envel ope.

Dosinetrically those tritium
concentrations are totally inconsequential. And so
we're spending a great deal of noney trying to
understand the plunme that radiologically doesn't
matter. That's ny issue froma perfornmance assessor's
st andpoi nt .

MR SCOTT: Yes. That's true.

MR DAROS: Let nme just add to that just
to give you a little history on that. Wen the LTP
was first witten -- and this begs alittle bit to the

process issues | spoke to earlier -- when the LTP was

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

99

first drafted, what we had for groundwater information
at Yankee Rowe was the initial study that was done in
the ' 90s, which suggested nerely a surfacial plune in
t he over burden.

That maxi mum concentration that was
observed for tritiumwas at or about the EPA's MCL of
20,000 picocuries per liter. So we said, we, the

collective "we," said, hey, let's just put this nunber
inthe LTP. And we'll commt to being less than this
value. It's unlikely we'll find anything higher. So
let's do that.

So as the investigation pursued, we had
48, 000 picocuries per liter and still dosinetrically
i nconsequential but not politically inconsequential.
And that really was then the driver for a lot of the
wor K.

DR ESH: This is Dave Esh with the NRC

| think Mark and | both enphasized that
when there is existing information, by all neans, it
shoul d be used. W just have to use it cautiously.

At the West Valley site, thereis existing
information, which is very valuable. [It's not
valuable if you' re a nmenber of the public there. You

don't like the fact that the site has been

contam nated. But to try to assess long-termrisk
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impacts, it's one of the nost valuable pieces of
i nformati on you can have.

| think it applies at sites |like that.
But, as Mk indicated, the run of the mll
decomri ssioning site does not have information,
doesn't have existing contam nation. So there's not
much you can do there.

MR. THAGGARD: Yes. The other point, too,
is like, even the Sequoyah fuel site, which | did a
| ot of work on, you know, there is a | ot of existing
groundwat er information at that site.

And when | was working on that site, we
were trying to use the data to help calibrate the
groundwat er transport nodel that had been devel oped
for the site. And we were having a really difficult
tinme with it.

And so | amnot trying to indicate that
you can't use it, but there are just limtations
because we were having problens trying to figure out
when the source originated. And even |ooking at the
data over different tine periods, we were trying to
come up with some estimtes on velocity. And we were
just having a real difficult tinme with it.

So the only thing I was trying to point

out isthat if there is data |like that, to the extent
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we can, we try touse it. But | wouldn't by any neans
say that you should think that you're going to
necessarily gain a whole lot from it, you know,
because there's a | ot of unknowns withit. And so you
could spend a Il ot of tine just trying to deal with the
unknowns. So that was the point that | was trying to
bri ng out.

DR. HORNBERCER: | think that the bottom
line, then, here is that in nost or at |east very,
very many of the cases, certainly in decomi ssioning,
the risks are very lowindeed. And if you have a
very, very lowrisk situation, a conplicated nodeling
just isn't necessitated.

The question, then, of course, can cone
back to the very few sites. And | would argue West
Val | ey woul d be one of those where a significant risk
does exist for off-site contam nation. And then this
ki nd of |inkage between rel atively conpl ex groundwat er
flow and transport nodeling with data collection
efforts woul d be warranted.

This is probably not the exact problem
that is of nost interest to the group of presenters
this morning. |Is that right?

DR. ESH This is Dave Esh with the NRC.

At the really conplicated sites, | think
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the value of the information, the reality of analysis
for those sites, thereis alot of uncertainty in both
t he conceptual nodel, the structure of the nodel, the
conceptual understanding, the data, other inputs.

And if you did a determnistic analysis
where you were optimstic about a lot of your
paranmeters and nodels, you nay get a result that
greatly flies under your |imt that you are trying to
achi eve; whereas, if you go the other approach and you
were very pessimstic for a nunber of those things,
you're greatly over your limt.

The reality m ght be somewhere i n bet ween.
It's those sites where collecting information on
per f ormance i ndi cat ors or ot her desi gni ng sone of this
information into your system or trying to do sone
studies can be really valuable because it can help
reduce that uncertainty and tell you whether you are
in a situation where you have the high risk or whet her
you're in a situation where you have the | ower risk

MR. SHEPHERD: Ji m Shepherd, NRC.

| think it depends, in part, on how you
definerisk. Certainly dose fromthe tritiumthat has
been found at the reactor sites thus far is not
dose-significant. |In fact, it is usually several

orders of magnitude below the appendix B, table 2
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effluent limts that the NRC allows for nornal
di schar ge.

The risk | think we face is a collective
| oss of confidence in both the |icensees and the NRC
that up until probably February of this year, neither
they nor we really acknow edged the fact that nost
reactors are | eaking.

And it's not what they | eaked or even how
much they |eaked. It is that they |eaked and we
didn't know about it. | think that's where the risk
is. And that's an entirely different realmfromthe
ki nd of nodeling we're tal king about here.

Havi ng determ ned that thereis arisk, we
now have to conme back and reestablish our credibility
and be able to justify the conclusions that, in fact,
there is no public health issue. And that's going to
be a difficult hurdle to overcone at this point.

MR DAROS: This is Eric Darois.

| think it's inportant to recognize as
well in the nuclear power industry. Albeit nost of
the issues have been tritium it's not exclusive to
tritium So as soon as we enter strontium90 into the
picture, | don't have a clear understanding of when
enough is enough in terms of nodeling and site

conceptual nodel. The source terns, you know, at
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their point of originationis significant. W do have
a site that's a fractured bedrock site that can
transport fairly high concentrati ons dependi ng on how
it's noving.

So how far do you study it before you say,
“"I"mdone"? Dr. Ryan had a good anal ogy earlier this
nor ni ng when we were discussing this. He said, you
know, a geologist's work is done when he just wants
one nore hole in the ground, just one nore.

So, | mean, you know, there's a point at
whi ch --

DR HORNBERGER In other words, it's
never done.

MR DARO S: It's never done, right, just
one nore.

(Laughter.)

MEMBER HI NZE: | take exception.

MR DAROS: So, | nean, there's a point
of how do we define how big the problemis and how
much do you study it and no good answers.

MR. SHEPHERD: Well, | think the politics
dictate that we study it nuch nmore than if this
initiative had begun two, three, five years ago and we
had come out and said, you know, "Ch, by the way,

here's what we're finding. W' ve already explained to
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you what the dose consequences are or are not."

And this is just a step in a continua
process t hat had al r eady been est abl i shed.
Consequently, we now have to do rmuch nore to go back
and reestablish our collective credibility.

DR. HORNBERCER: Final comments fromthe
panel before we --

(No response.)

DR. HORNBERGER: W& will turn it over to

guesti ons.

MEMBER CLARKE: Thank you, George.

| think Professor H nze wants to address
the one nore well issue. So let's start with him

MEMBER HI NZE: Well, if | night, might |
respond to Professor Hornberger's question about the
val l ey of death? It seens to ne that we do have a | ot
of technology that is available to us. And if you
want to, you can place that into the academ c box.
And we aren't seeing a great deal of that technol ogy
bei ng used in the characterization or the nonitoring
of sites.

And it nmay conme as a surprise to you, but
| woul d i nclude in that some geophysical nethods. And
we have criticisms of geophysical nmethods. They can

be slow. They can be expensive, Mark. But they al so
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have many advant ages.

| ncl uded anong those is the fact that you
can get a nmuch nore representative sanpl e than you can
from these point observations. |In addition, for
exanpl e, you don't have to worry about the pl uggi ng of
hol es, which concerns nme a great deal interns of this
whol e nonitoring. And Esh brought this up very
clearly. W have to be concerned about that.

Yet, there has been a great deal of
devel opnent in various research areas and academ a of
surface to surface, hole to surface, hole to hole to
try to increase resolution, which is the major
stunbling block I think of geophysical nethods, in
addition to tinme and noney.

Those have real |y i nproved t he resol uti on.
And we have seen a great deal of this. Now, the
problemis, how do we get that across the valley of
death? It seenms to ne that there is a real need here
for technol ogy transfer and technol ogy denonstrati on.

There are opportunities for this. And who
is best to do this? Well, | don't know. Nationa
Sci ence Foundation really doesn't support this, let nme
tell you, having attenpted to obtain grants to do that
sort of thing. You run into a dead end.

So | think it is left up to the nore
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t echnol ogy-ori ented, problemoriented agenci es of the
government to consider this? Enough said about that,
but | really think that you have hit on an extrenely
important point. And | think that there are solutions
toit.

| saw in Dave's presentation where he was
trying to push the envelope a little bit with using
some of these age dating techniques. And that's
anot her part of the geophysics. But we need to
denonstrate those nuch nore clearly. |, for one,
would like to learn nore about |essons |earned
regardi ng sone of those technical things.

Then ny dear friend, forner friend, Dr.
C arke, --

(Laughter.)

MEMBER HI NZE: -- said | could only have
one question. Let ne ask a --

MEMBER CLARKE: | didn't say anything
about a lecture, Bill.

MEMBER HI NZE: Well, George opened it up.
So don't blane ne. Let ne ask a generic and a very
nai ve question fromthese experts.

I ncidentally, | think these presentations
were just great. And it's a lot of chewy, chewy

material, a |lot of meat and potatoes there to grind
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on.

Let me ask a naive question. Many of our
noni t ori ng systens and data col |l ection systens, if you
will, are based upon nodels. W devel op a concept ual
nodel . And we set out, and we devel op a nonitoring
schenme system and a data collection system which is
based upon that nodel, whether that may be sinply a
conceptual nodel or it can be a nunerical nodel.

And then what we do is we validate our
nodel with the results from holes, drill holes and
nmeasur enent s, whose | ocation, depth, and frequency of
observation are based upon our nodels.

If you will, it seens to ne that we are
going in a cage here. W're going around and around.
The question that I would ask is, how do you respond
to concerns that this approach biases the results of
t he validation of the nodels, this approach, which is
based upon using the nodels to design the experinent?

(No response.)

MEMBER HI NZE: | guess that neans no one
under stands the question. |Is that? The question is,
we develop a nodel. W design an experinment to test
t hat nodel based upon that nodel. And then we renopve
ourselves fromthe situation. |It's either validated

or not vali dated.
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MR. SHEPHERD: This is Ji m Shepherd.

| think if we don't begin with a nodel
our alternative is to go out and just randomy poke
holes in the ground. And | will go back and point to
Sequoyah fuels, who pretty nuch did that. They put
about 100 holes in 85 acres and connected two
uncontam nated aquifers to a contam nated aquifer.
And now we're sure we don't know what the extent of
the problemis

| think your | ast statenment, if | can turn
it around, once we get the results of the analysis if
it does not validate the nodel that we begin with, we
then go back and revise the nodel. And | think
generally that is a nore efficient approach t han goi ng
out and randomly collecting data and then trying to
develop the initial nodel fromthat randomdata. It
could be done, but | think it's nore efficient to go
t he ot her way.

MEMBER HI NZE: Jim what you're saying is
that we have to do this in an iterative manner.

MR. SHEPHERD: Absol utely.

MEMBER HINZE: And | think that's a very
inmportant thing. 1It's one thing that we haven't heard
here today, that we do need iteration on this. And we

have to keep our m nds open and our pocketbooks, our
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budget clear so that we have that opportunity.

MR DAROS: My |?

MEMBER CLARKE: Go ahead.

MR DARO S: To your first coment, |
think this process is nothing nore than a typica
scientific investigation, where you start out with a
hypothesis. And in this case, the hypothesis is a
conceptual site nodel

But one of the things we found in doing,
to your second issue, really, these EPRI assessnents
is that normally the nucl ear power pl ant s
underestinmate the effort, don't recognize that it is
iterative, and this is sonething we are certainly
advertising quite a bit of in our involvenment with the
EPRI in nuclear plants.

So | think they are starting to recognize
the iterative process. And at |east they' re hearing
us say don't underestinmate the resources it may take
to get there. |It's going to take a while to sink in,
t hough.

MEMBER HINZE: If | could have just one
nore second, Jin? Then I'Il get out of the way.

| have asked, why is that nonitoring well
pl aced there? And the question that | get back is

that, well, that is for our nodel set that we should
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test to validate the nodel. WeIlIl, you know, if it
doesn't validate the nodel, you know, we have to go
t hrough sone iterative process here.

The characterization is in nmany cases
insufficient toreally -- it'sreally insufficient to
really diagnose that nodel, to have sonething
approaching the truth, even if we have to have one
nore data point.

(Laughter.)

MR. THAGGARD: Can | just nmke one point?
Qur current gui dance actually does say that right now,
that it should be iterative approach. And, Jim |
think Dr. Kozak alluded to NUREG 1573. In that
docunent, we do indicate that it should be an
iterative process.

MEMBER CLARKE: Thanks, Mark.

Al en?

VI CE CHAI RVAN CROFF:  Yes. | wel conme an
answer fromanybody, but this question was stinul ated
by Vernon's. So it's probably best started with him

Early in your presentation, you showed a
partially filled trench. And | believe you said that
you also did sonme nodeling and, of course, you
gathered data from that trench. Does nodeling and

getting data froma partially filled trench, whether
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there's naybe a cap over part of it, part of it is
open -- what special challenges or issues arise from
that situation and what success have you had?

DR I CH MJRA: During the presentation, |
showed a very large trench. It had numerous waste
packages inside the trench. Wat | alluded to there
woul d be one coul d i magi ne what the source term m ght
be because each package is different, is unique.

It's one of the things that the nodel ers
don't even take into account. Usually when you | ook
at nodels, it's lunped into one single source term
that's uniform So the reality is source terns are
not unique. |It's spatially variable. WlIlI, there are
spatial variabl e and t enporal vari abl e consi derati ons.

To answer your question regarding what
information we collect fromthe trenches thensel ves,
we have sunps that collect water from the disposa
trenches. W know these sunps are only effective
within a very, very small radius of its collection
poi nt because nobst of the water infiltrates and
bypasses t he sunps.

So, in other words, as we have devel oped
and we understand the site, the sunps give us linted
information. It gives us infornmation about

radi onucl i des that we m ght not see in a groundwater
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system "Groundwater," by that, | mean transport
beneath the water table. But it gives you sone

i ndi cators like, for exanpl e, some  of t he
radi onucl i des that you don't really see in
groundwat er, such as cobalt, cesium and naybe sone of
the transuranics early on, like uranium And this
gi ves you an indicator of what m ght be in the source
termin the trench outside the waste package.

VI CE CHAI RVAN CROFF: How do you account
for the heterogeneity of the source ternf

DR I CH MJRA: At the current tine the way
we approach the nodeling is we | ook at the performance
assessment fromthe standpoint of what we see in the
groundwat er system And we use the concentration that
is the higher val ue of what we see in the groundwater
to project what we would see at the conpliance
| ocation at sone future point in tine.

So, in other wor ds, this is a
conpliance-type nodel. It's very different from what
one woul d consider a reality-type nodel, which would
gi ve you what you m ght see in the groundwater system
frompoint Ato point B. W don't do that.

On the other hand, we woul d address the
regul atory requirenents. Wat do we see upstreamin

the transport zone? And what do we expect at the
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downstream | ocation or conpliance |ocation? And
that's how our nodels are set up

MEMBER CLARKE: M ke?

CHAI RMAN RYAN: Thanks, Jim Fascinating
nor ni ng.

| amthinking back to yesterday, when Jim
Shepherd was down and we finished a letter on the
gui dance, the draft rule that's in preparation for
| egacy sites. And, in part, | think what sonme of you
have tal ked about, in part, or in whole are sites that
have been out there for 30 or 40 years and sonething
has devel oped over that tinme period.

My question turns into the other tine
direction. Wat are we going to do to mne all of
these experiences to help folks design better
facilities and to get ahead of the ganme, if you will,
in nmonitoring and nodeling? You know, | mght even
save a little extra noney by doing that and give
Prof essor Hinze one or two nore wells down the |ine.

But | think there's an opportunity here.
And | would ask. Jim maybe you could lead us off or
give us sone insights as to howis all of this, this
experience, which is pretty rich when you thi nk about
it -- and |'ve heard Conmm ssioner Merrifield on

several occasions tal k about the know edge managenent
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for decomm ssioning |essons |learned and so forth.
There's a ot of things we could learn to pass on.

For exanple, what would you do different
at Yankee's design if you know this was going to
happen? 1'Il bet you have got a list of things you
could do. So how do we capture that to pass it on to
the next generation of facilities that would be
Iicensed for one purpose or another?

MR. SHEPHERD: This is Ji m Shepherd.

| think, to begin, sone of the | essons
learned is being factored into the guidance | am
writing to support the proposed rule, specifically the
early characterization of the site; ideally, asinthe
case of the newreactors, before they are constructed
so that they will have a better understandi ng of where
t hi ngs m ght go when they | eak.

| firmy believe, no natter how good a
desi gner and construction crew you have, if you build
afacility with steel, concrete, and water, there will
be releases at sone point in time. How do you know
where those will go when they occur?

There i s consi derabl e ef fort under several
nanmes. W are working with the NRR side trying to
factor these lessons in to revisions for the standard

review plan in order to identify construction design
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i deas, sonething as sinple as maki ng sure your sunps
are large enough and in the right place to capture
| eaks that occur within the facility.

There are interesting trade-offs. Things
i ke the spent fuel pool and sonme of the water storage
tanks froma worker radiol ogical safety point of view
are well-placed below grade, froma nonitoring and
i nspection point of view would be much better to be
above grade.

There is sonme effort on identifying
techni ques that could be used to inspect areas that
are not readily available for visual inspection.
There are sone construction things that can be done
t here.

W begin as part of the integrated
decomi ssi oni ng i nprovenent program collecting | essons
| earned fromour decomm ssioning sites. And that wll
be a report in and of itself, in addition to our
support for NRR And then a new initiative on
knowl edge nmanagenent 1is also collecting |essons
| ear ned.

CHAI RMAN RYAN: The second question
guess really is one for Mark. You nentioned there are
a nunber of deconm ssioning activities that go on at

various licensed facilities that are relatively
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straightforward. They're at the surface. There's
very |little potential for, say, gr oundwat er
contam nation or decontam nation.

| s that really where the agreenent states
face nmost of their work? | nean, do the agreenent
states get too involved in conplicated sites? | cal
for everybody's benefit that there are a lot nore
licensees in the agreenent state arena than there are
direct licensees of NRC. And |'mjust curious what

your insights are there.

MR. THAGGARD: Well, | don't think you can
put it in one bucket versus the other. | think they
probably have -- there are probably sone conplicated

decomi ssioning sites in sonme of the agreenent states.
Some of them we handed off to them when they becane
agreenent states.

| wouldn't say it's all here or all there.
They' re probably dealing with sone of the sane issues
that we have to deal with for our conplex sites.

CHAI RMVAN RYAN:. Well, that's a real
chal | enge because, you know, as you know, their
resources are probably rmuch nore linmted than, say,
the resources here at NRC and particularly at this
tabl e, the expertise that's here.

So how are they westling with these
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deci si ons or do you have nmuch feedback on that at this
poi nt ?

MR. THAGGARD: | don't have a | ot of
feedback, but | think there are a | ot of things that
we can learn fromus. | mean, one of the things that
we picked up fromthe State of Chio was this whole
concept of the perpetual |license. That was sonething
that originated with the State of Chio froma site
that they inherited from us when they becane an
agreenent state: the Sugarwood site.

So | think that there are probably things
that we can learn fromthem and there are certain
things that they can learn fromus. | think that sone
of that is occurring.

You know, we have interactions wth
agreenent states through the CRCPD and the agreenent
state program So | think that there is sonething
that we can learn from them and they certainly can
| earn from us.

CHAI RVAN RYAN: Wl |, thanks.

The last question is | amtaken by -- |
think Matt Kozak said it clearly, that very often
we're evaluating and dealing with concentrations of
tritiumor other radionuclides that dosinetrically are

wel | bel ow any bar in terns of performance assessnent.
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|'s there any way any of you can see forward to stop
dealing with thenf

You know, the old question | used to |ike
to ask is, when am| done? How do | get to when aml
done or can | change, you know, the thought that | had
20 years ago that the 3,500 nunber was a good one but
really doesn't need to be the nunber today?

MR. DARO S: | have an opinion.

CHAI RVAN RYAN: Pl ease.

MR DARO S: Just resolve the differences
bet ween NRC and EPA on what the MCL ought to be.

CHAI RVAN RYAN: Coul d you expand on that
alittle bit?

(Laughter.)

CHAI RVAN RYAN: How do we get there, Eric?

MR DAROS: Well, you didn't ask that.

| think that's the crux of the issue. You
know, it's nore of a political issue, and it's nore
the i ssue that the plants are |l eaking, if youwll, --
that termwas used earlier -- and that the material is
getting off site. I1t's not an approved pat hway for
di scharge and all of that.

In a related issue to that, | wll just
mention that | believe that there is a lack of

understanding or data, cohesive data, on what
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background is, especially when you get to tritium
what rainfall does to the |l ocal site environs when you
are releasing airborne tritium and how that affects
t he things you see.

So | think there are some issues that
could help us all understand because when people are
getting excited at two, three, four, five hundred
pi cocuries per liter at the site boundary, there are
a lot of things that could cause that. Sone of this
is ant hropogenic. Some of it is not.

You know, there are | ots of issues to play
here. | just think it needs a little bit nore
understanding, that as well as where our m nimum
det ect abl e concentrati ons ought to be.

| don't want to take the floor.

CHAI RVAN RYAN:  Thanks.

MR DAROS: | would like to get back to
your first question at some point, though.

CHAI RVAN RYAN:  Ckay.

MEMBER CLARKE: Thanks, M ke.

Rut h?

MEMBER WEINER | wanted to add ny
congratulations to a really interesting session. |
guess ny first question is directed nore to Dave and

Mat t .
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There are nodel s t hat we have that we know
work; for exanple, radioactive decay. W can
cal cul ate radioactive decay if you know what the
activity is at time X. Then you can carry that out to
any infinite tine that you want. The sanme thing is
true for a nunber of chemical reactions. W know how
they work. We know what the tinme dependence is.

I f you could reduce the uncertainty in
your data collection to a point -- and | m ght point
out that initially, way back when | was in school, for
exanple, we learned that the first nodel is made from
observations. | mean, our nodel of radioactive decay
was from observing radi oacti ve decay.

So if you could reduce the uncertainty in
your data collection to a point where it is really
pretty mninmal, would you do away w th nonitoring
entirely and just sinply -- because you would then
have i ncreased confi dence.

Now, | don't want to get into the politics
of that. That's another thing. People believe what
they want to believe. Especially politically they
bel i eve what they want to believe. But as scientists,
if you could reduce it to that point, could you then
do away with nonitoring?

DR. ESH. Do you want to answer that?
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VMEMBER WEI NER: s this the commercia

Vi ew?

DR. KOQZAK: No. For the record, | may
wor k for a conmercial conmpany, but | don't necessarily
represent comrercial interests. | represent as many
regul ators as | do other governnent agencies and
conmercial entities.

As | saidinnmy presentation, | think from
a techni cal point of view, nonitoring doesn't provide
a great deal of information, even when you have a
nmoni t ori ng observation, even when you have a hit.

Wuld | conpletely get rid of it?
Probably not, sinply because of the ancillary
information that it provides, that there is other soft
i nformati on.

| agree with what -- by the way, we'll
segue. | agree with what you said about nopdel s com ng
from observations. And earlier we were saying sone
t hi ngs about nonitoring and data collection, things
like that.

Peopl e tend to get sonething intheir mnd
when people say nodeling. That's just our
understanding is what the nodel is. It's not anything
mat hematical. 1It's not anything special. [It's not a

separate entity.

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

So | think that cones back to Bill's
guesti on about does the nodel itself bias. O course,
our know edge biases what we do next. And | think
that is the way to think about this.

DR. ESH. This is David Esh. | would
agree with what Matt said.

| al so think that you can understand it up
front. You can understand it sone up front and sone
at the back end or you can understand it all at the
back end. If the risk is necessary, you're going to
have to understand it at sone point in tine.

| think the approach we use now, we try to
get nore understanding on the front end. But there
are a lot of barriers to that. People are wanting to
nmake decisions and proceed, et cetera. So we
recogni ze that. W try to always ensure we make good
deci sions on the front end.

But information is sparse and uncertain.
So if you can get nore information on the back end
that hel ps ensure that you made a good deci sion, we
think that is a good thing.

The reality is that information can be
quite limted sonetinmes for sone key things. And if
you have nore understandi ng, you can rmake better

deci si ons.
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MEMBER VEI NER: Along that line -- and ny

next question is going to be very, very, politically
incorrect -- given especially the presentations that
the two of you, Matt and Dave, made on perfornmance

assessment, what is your opinion of even the

10, 000- year regul atory period, | et al one the
mllion-year regul atory period that has been proposed
for the high-level waste repository? | told you it

was politically incorrect.

DR KOZAK: [I'Il let David take that one.

(Laughter.)

MEMBER WVEI NER: And especially in the
light that 40 CFR 191, which was the first regul ati on,
sai d that perfornmance assessnent was the tool by which
reasonabl e assurance woul d be provided to the public
that the standards, that the EPA standards, would be
met .

DR ESH: Well, this is Dave Esh.

| think that in my presentation, | tried
t o reenphasi ze or at | east highlight these tinme frames
that we're tal ki ng about because we | ose sight of it.
And we talk 1,000 years, 10,000 years, |onger than
that. A few hundred years is a very |long period of
tinme.

| have trouble tracing nmy ancestry nore
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than 150 years, let alone 1,000. So | think it's
necessary to consi der | ong periods of tinme when you're
trying to project the results of your action, but if
you're talking about trying to nonitor for |ong
periods of time, in my opinion that's a foolish
endeavor, the value of the problens that we talked
about .

And if we think the natural systenms and
engi neered systens that we deal with are conpli cated,
|"msure the tenporal aspects of the societal system
t he human system swanps it.

| imagine if we were trying to say that
one of the reasons why we will have confidence in an
action is because we can have sone very extremne
| ong-term nonitoring system that's foolish in ny
opi ni on.

| don't knowif | answered your question,
but --

MEMBER VWEINER: It was a very good
attenpt. Matt, do you want to add anything to that?

(Laughter.)

DR, KOZAK: | agree that we need to
consi der the consequences of our actions over |ong
periods of time. On the other hand, it's worth

keeping in mnd that even considering 10,000 years is
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unprecedented in any other human endeavor.

No one has ever tried to project the
consequences of their actions over that |ong a period
of time. And the judgnent of where that cutoff is is
above ny pay grade.

(Laughter.)

MEMBER VEINER: Finally, if --

MR. THAGGARD: He stole ny answer.

MEMBER VEI NER:  Yes.

MR. SHEPHERD: This is Ji m Shepherd.

If I could sort of tie those two questions
together, | think as we go out in tinme, we find that
it becomes nore and nore difficult to bound the
uncertainty.

Radi ol ogi cal decay is a well-understood
phenonenon. And there are very few things that can
actually perturb it; whereas, the basic novenent of
wast e t hrough the environment to sone human receptor
is not well-understood. And there are many, nmany
things that can perturb it.

And | don't believe that we could ever
reduce the uncertainty to the point that we woul d have
so nuch confidence in the nodel that we woul d not need
to take any nore observations to justify it.

When we get into the 10,000 to
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mllion-year tinme frame, we just don't know enough.
MEMBER VEINER: Finally, | would like to
ask. A nunber of people on the panel said, well,
t hese doses, t hese consequences are really
insignificant, but politically they're significant.
How do we get the politics out of it?
(No response.)
MEMBER CLARKE: Thank you, Ruth.
(Laughter.)

MEMBER VEI NER:  Anybody want to tackle

t hat ?
MR. SCOTT: Yes. This is Dave Scott.
| think a good starting point is to
i ncrease our characteri zation, i mprove our

characterization, to the point where we are able to
gai n the confidence of nore of the public that we know
what we're doing. And, | nean, | think we're seeing
a sea change within the industry.

From where | sit, the groundwater flow
path has been neglected. And that's changing. |
think that's one of the reasons that we're here now,
because we recognize that we have to consider the
groundwat er i nplications of any rel eases froma site,
be they dose-significant or not because nany nenbers

of the public don't really consider dose. All they
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knowis it's a release. And the dose is of secondary
significance to them

DR. ESH Ruth, in regard to that -- this
is Dave Esh -- whenever you tal k about uncertainties
and sone uncertainties, sonme things are known and sone
t hi ngs are not known very well.

The thing that | think of when | hear
about the tritiuminformationis, yes, it mght not be
significant fromrisk inplications, but it al so nay be
a very val uabl e source of infornmation to constrain the
uncertainty in your hydrol ogy, your hydrol ogy nodel,
your hydrol ogy understandi ng, which then just |eaves
you With uncertainty in the geocheni cal aspects of the
ot her nuclides, the strontium90s of the world or the
transurani cs or what ever the ot her things because nost
of the tinmes when you have these problens, it's not
just one i sotope that was released. |It's a mxture of
i sotopes that were rel eased. You just see the tritium
because it's the highest nobility.

MR. SHEPHERD: This is Ji m Shepherd.

When | started managi ng t he Sequoyah f uel
site, we had a very simlar problemwhere the public
inthe area in general did not trust what the |icensee
said and they did not trust what the NRCsaid. And it

t ook us several years of rather regular nmeetings with
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them before they began to believe that we were
actually telling themthe truth

Once they saw that, they could then take
an answer and say, "I don't |ike that answer," but it
wasn't a matter of "I don't believe you." It was a
matter of "Here is something that | believe what you
say is true. | don't like it. Can you change it?"

And | think it's a matter of tinme nowthat
we need to rebuil d confidence, both the agency and t he
operators, that the public can believe what they hear.
Rat her than the imediate starting out with "lIt's no
problem”™ now I'll tell you what it was.

Their imrediate reaction is "If it got
loose, | think it's a problem™"™ And we have got to
rebuild that confidence. And | think that's going to
take a very concerted effort, probably over sone
period of tine.

MEMBER CLARKE: Thanks, Jim

W have had a request from one nmenber of
the public to ask a question. W do have a few
m nutes. So, John, would you like to cone to the
m crophone?

PARTI Cl PANT: Jim thanks for taking ny
guesti on.

Listening to speakers, what | sense is

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

130

there is a little bit of a gap in the discussion so
far. Sone peopl e tal ked about conpliance but didn't
enphasize it. The first two speakers, being Vernon
and Dave, tal ked about their great case histories.

And | would ask, what was the dial ogue
about the point of conpliance? |In fact, there are
mul ti pl e poi nts of conpliance, especially at Barnwel | .
Who i s actually at that point of conpliance? And what
are the time frames?

Al the discussion this norning talks
about nonitoring, transport scenarios, et cetera, but
it really cones together when you focus on point of
conpl i ance i ssues.

So the question is first to Vernon and
Dave if there is time. Can you give us a little bit
of experience? How was the point of conpliance
assessed? Actually, there are multiple points of
conpliance, for exanple, at Barnwell. And who is the
recipient? And what tine franes?

Focusi ng on those hel ps knit a | ot of what
you tal ked about this nmorning together. Wthout it,
it doesn't make a ot of sense to ne. So I'll just
pose that question. Maybe over the next two days
peopl e can hit on that al so.

DR ICH MJRA: | would like to say a
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little bit about the point of conpliance. Before |
start that effort, | want to enphasize that froma

i censee' s standpoint, we're | ooki ng at how do we neet
regul atory requirements. And regul atory requirenents
are neasured or projected at a place we call point of
conpl i ance or conpliance surface or conpliance point.

The conpl i ance poi nt may change with ti ne.
And it may be a function of the type of operations you
are doing at the current tine, as an exanpl e.

During the operational phase of the
facility at the burial site, one point of conpliance
woul d be direct gamra radiation. And nuclear plants
are the same thing. Point of conpliance in this
particul ar case during the operation would be the
fence around the facility.

And it is anegotiated line, alineinthe
sand, that is negotiated with the regul atory agency.
That is where the point of conpliance occurs. So we
do one of several things, |like |l nentioned before. W
can nodel gamma radi oactivity fromthe source, the
trench to the fence. W also follow up at the point
of conpliance neasurenents on direct gamma usi ng TLDs
as an exanple. So that's during operations.

Taking the extreme case, in the case of

closure, we have a point of conpliance, say, for
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proj ection purposes for the groundwat er pat hway, which
is quite different. It is a point that we negotiated
wher e groundwat er eventual | y becones surface wat er and
| eaves the facility.

Wen it leaves a facility or |eaves
properties controll ed by ChemNuclear, it is no |longer
controlled by ChemNuclear. And it becones avail abl e,
at least in the hypothetical scenario, to a general
nmenber of the public. And that point of conpliance is
difference fromthat of the fence. And the time frame
t hat we have done the analysis for in the perfornmance
assessnment is 2,000 years.

So t hese are two extreme exanpl es of point
of conpliance with respect to that applies to our
facility.

MEMBER CLARKE: Thanks, Vernon.

It is 12:00 o'clock. Let's break for
lunch. And we'll be back at 1:00. Thank you all.

(Wher eupon, a luncheon recess was taken

at 12:01 p.m wuntil 1:03 p.m)

CHAI RVAN RYAN: I f we could cone to order,
pl ease.

| want to thank our norning participants
for keeping us on schedule this nmorning, and I'I| turn

the neeting pronptly back to Jimd arke.
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Jim

DR. CLARKE: Ckay, thank you, M ke.

Qur first presenter this afternoonis Make
Fayer from PNNL.

Vel conme, M ke. Thank you
EVALUATI NG RADI ONUCLI DE RELEASES AND GROUND WATER

CONTAM NATI ON ( CASE STUDI ES)

HANFORD

MR. FAYER Just a quick little bio. |
grew up in New Jersey, born and raised there. And it
doesn't nean |I'm a fan of landfill solutions for
ever yt hi ng.

But the point is, | spent the first part
of nmy life there, in a wet environnent w th thunder
showers and nor'easters and hurricanes.

And t hen when we finished school, ny wife
and | noved to Richard, which is in the Wst. And we
don't have the thunder showers you have here. W
don't have the nor'easters or the hurricanes, and we
don't have the hum dity.

And that was one of the reasons we ended
up staying out there. W just got to really like the
place. Oiginally it was just going to be a little
sojourn, and then conme back to the East Coast.

But there is a tie-in to contam nant
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transport, and that is the recognition that obviously
conditions out here are different than they are out
West, so whenever you eval uate contam nant transport,
you have to consider those site-specific conditions.

When | pulled this together, this
presentation, | borrowed a lot fromthe published
nmonitoring ports for the site. Annually there is a
report. | have a copy of this year's groundwat er
nmonitoring report. It's quite extensive.

This actually is the summary. The act ual
report is several inches thick. So there's quite a
| ot of information that is published every year.

| f anyone is interested in nore details of
anything | cover, see ne afterwards and | can show you
howto get a copy of this, or to contact people at the
site for nore details.

The talk is only about 14 slides, soit's
fairly short. But I'mgoing to cover the
recommendations up front so they're fresh in your
mnds as to | go through the rest of the slides.

| do have one slide on generic transport
considerations, just to set the tone before we get to
the site specific exanples.

| have pulled up to the front the summary

for the talk, to drive hone the point about
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contami nant transport being governed by a conplex
rel ati onship of site specific and contam nant specific
features, events and processes.

And so every tine | mght |ook at a new
site, | always | ook at the whol e suite of things that
coul d happen, and then deci de how to approach it.

| think you need to address those in order
to gain understanding, in order to know how to
monitor, and in order to know how to predict
contam nant transport in any of these sites.

So think of that as we go through this,
that's mnmy perspective.

kay, 1've got four recomendations.
These are things that | think are probably common
knowl edge or commonly accepted, but maybe not stated
in the sane way that |'ve stated them here

The first has to do wth conpliance
nmonitoring. 1've heard that a ot this norning. And
nmy experience out at the site is that conpliance
nmonitoring is what is required to do.

And it may not be related to anything in
particul ar, other than the regul ation says, you mnust
do this, this and this, and they do that. And then
t hey neet whatever the terns are for the agreenent.

But if we expand conpliance nmonitoring to
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be what | call conpliance assessnent, not only do you
neet or understand what's bei ng nmeasured at specific
| ocations, but you understand why you're seeing those
val ues at those locations. So it's the understandi ng
part you want to get at. And that's why | would cal
it conpliance assessnent.

So that would include whatever s
regulatorily driven, whatever nonitoring is done for
ES&H, environnental safety and health consi derati ons,
or perhaps stakehol der requirenents.

And then for performance, you woul d have
sites where renediation is ongoing. You want to
eval uate how well it's doing, so there mght be sone
| ocalized nmonitoring going on for that activity.

Second, | would assign, | would reconmend
assigning a conpliance assessnent phoner, soneone who
is responsible for understanding the site. So they
can explain why they see a plune, and it's noving a
certain way.

That nmay not be the intent of current
conpl i ance requi renents, but the understanding part is
nore inportant, | think, to the public, and certainly
should be inportant to us to be able to have a
noni toring nodel at the site.

| think of nonitoring and nodeling as
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I i nked pieces of the puzzle. | don't think you can
have one without the other. M bias is both.

Modeling in my mnd enconpasses our
understanding of the site. Monitoring confirns that
we're correct.

Third point is, conduct regul ar external
peer reviews. Again, | think everyone would agree
with that. | just would reinforce it because peer
revi ews can be expensive. They can be tinme consum ng.
So they can be drivers sonetime to |engthen the
interval. Perhaps do away with it. Perhaps people
t hi nk we al ready know enough.

And | would argue against that. | think
you need t hese regul ar revi ews by outsiders to confirm
that you are doing things correctly; that you are not
m ssing anything. And if there is new know edge t hat
you are not using, this is a venue to bring that new
knowl edge into the assessnent.

The final recomendation is to include
what |'ve called entry portals for new data, science
and legal interpretations, public interest. And the
reason | did this is because many of these assessnent
activities go on for many, nmany years. And science
doesn't stop. Data collection doesn't stop. So you

have to have a way to bring that new i nfornmati on and
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understanding into the process.

| understand that if you are responsible
for the contract for a site, you don't want to have
anything interfere with decisions that have already
been made. But | think that is maybe a shortsighted
approach. So there has to be sone way of doing this
t hat doesn't penalize the contractor.

If there are no questions, |I'Il nove on.

This slide is just nmeant to prinme you for
t he exanples |I'mgoing to show, sone transport issues
t hat have occurred out of Hanford, things we m ght ask
as we go to a new site, what do we do.

It's not an all-inclusive list. It's to
get you thinking about the variety of things you need
to consi der.

Is the waste of gas, a liquid, is it an
aqueous solution, isit solid such as a colloid. Each
of those deterni ne what type of pat hways may be t aken,
and what kind of mechani sns woul d cause themto be
noved to the environnent.

Isit dilute or concentrated? Many of the
contam nant sedinent interaction lab tests really
focus on dilute solutions. And for nany of themit
may be reasonabl e to assunme a very |linear relationship

with concentration
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But when you start to get up to very high
concentrations, that doesn't hold. You are outside
t he real mof where you neasured your interactions, so
you have to be aware of what type of waste you're
dealing with froma concentrati on standpoint.

Same thing for pure or mxed. Sone tines
- well, many tines - out at the site, contam nants
have been m xed. And neaning that you have nultiple
radi onuclides, multiple chemcals. They can affect
each other as far as their absorption into the
sedi ments. So you have to understand what's in that
m x to understand what gets absorbs first, what gets
absorbed next, as it noves through the system |Is it
diffusion or advection donm nated? That's pretty
strai ght f orward.

| s the nedi a uni formor heterogeneous - or
excuse me, honogeneous, isotropic? Coviously, we
woul d all recognize that really the best place to find
that kind of nmediumis in the |aboratory. But even in
the lab, it's actually difficult to nake a uniform
honogeneous i sotropic nedium it takes alot of skill.
So if it's that difficult to create in the lab, you
have to realize, in the field there is nothing Iike
this.

Now t hat shouldn't stop us fromnmaki ng or
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trying to nake predictions of what happens. W have
to make assunptions about a |lot of things. And so we
could sinplify, and we do that. But then we test. W
confirm that that sinplification is sufficient for
that particular site.

Constant or variable flow conditions: |
think a | ot of anal yses someti nmes are done with steady
state solutions, and that nmay be appropriate for sone
sites, but you have to confirmthat that is the case.
| have an exanple where it is not.

Sane thing for transport conditions. Sone
of our disposal sites had sonme very concentrated
solutions, very very high pH As it first enters the
ground, it behaves one way. As it noves through the
ground it gets diluted, things absorb out and it
starts to behave differently.

And so you have to wunderstand the
progressi on of the geochem stry that is going on.

And then finally, future conditions: sone
of you mght think of this as scenario evaluation or
scenario uncertainty. | kind of look at it relative
to the baseline. And by baseline | nmean your
nmoni toring period, your eval uation period.

Are future conditions within that? Then

you mght feel confortable and confident in how you
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proj ect performance. |f you are outside your baseline
conditions, well, then you are starting to introduce
some uncertainty, because you don't know for sure how
that future condition is going to affect your site.
You don't have experience, sO you are making
assunptions right there.

Ckay, the list is not all inclusive, but
it does get you thinking about howto | ook at a site.

Ckay, |'ve got seven or eight exanples,
but before | get to them 1'Il go through the site
real quickly here.

It's out in South Central Washington
state. It's on the dry side of the nountain, so we're
only |l ooking at lIike six inches of rain a year, nostly
in the wintertine.

The Col unbia River comes fromthe north
and | oops right through the site. It's like the third
maj or river inthe United States. And it's one of the
reasons the site was sel ected for a defense production
m ssion: access to water; it's arenote | ocation; dry.
So there were up to nine reactors |ocated on the
northern site of the Hanford site, radiating fuel.

That was all brought up onto the pl ateau
for processing into production facilities. And so the

reactors are up along in here. The production
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facilities are right in the center, in here.

There have been contam nation problens
everywhere, around t he reactors, and i n the production
facilities, and i n sone of the burial grounds all over
the site.

There is also atest facility down in here
called the 300 area, and again, there were sone
di sposal pits there.

So we've got many sites. There's over
1,400 waste sites identified, sonme are quite small
just spills. But there are a significant nunber that
are large and need attention.

The picture there is fromthe |ate " 40s,
early “50s, when there was initial construction. In
the very distant part of that area you can see the T
plant is already up and running.

In the foreground is the U plant under
construction.

Thi s all happened extrenely qui ckly given
the conditions at the tine. It was war, or post-war,
there was a | ot of concern about security, Cold War;
and the enphasis was on producti on.

There was sonme know edge that there was a
problemw th radioactivity in the environnment. They

did take sonme neasures to address it.
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But given our viewpoint from 50 years
later, it was i nadequat e what was done back then. But
it's understandabl e how it happened.

kay, first exanple. | called this
insufficient early characterization, but there are a
| ot of things that m ght have been done better back
t hen.

These are underground storage tanks for
liquid waste. Typically 45 foot tall, 75 foot in
di aneter, and for processing the |iquid waste woul d be
streaned in here. The tenperatures would be above
boiling in a lot of these; pH is up to 14;
concentrations are in the nolar range.

These are very unusual and certainly not
things you typically see in a vadose zone.

Properties were different than water.
There were concerns - there i s now concerns about any
di ssolution and precipitation reactions that occur
when the stuff is |eaked.

It was constructed wth reinforced
concrete, and a carbon steel liner on the sides and
the bottom | think the expectation was, they were
going to be secure for the lifetine of this facility.
But because of the high tenperatures, there was an

unexpected buckling of the plate. There were other
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nmechani sms suggest ed for why t hese t hi ngs | eaked, bu9t
a nunber of themdid | eak.

Sonmetines the leak was difficult to
discern by adropinliquidIlevel. 1If you can try and
imagine the liquid level in a huge tank 75 foot
across, it's hard to detect a small change.

Some of the tanks had what are called
| ateral bore hol es underneath where you could run a
gamma  system  Those are difficult to maintain,
because you had to go down 50 feet and run these
things laterally.

Once the stuff |eaked, typically the
cesi um woul d absorb very close by, and would tend to
swanp the gamma system and you really couldn't make
much nore headway out of that information. Once you
knew it |eaked, that's all you knew. There is no
backup plan. You can't go back, and retrieve it.
When they first built them they didn't really put a
ot of effort into characterizing beneath the tanks.

| mean 50 years later, we'd |ove to get
there, but you just can't get under there any nore,
because it's all contam nated.

The site is riddled with waste transfer
lines, water lines, so it's a challenge; there is no

guestion about it.
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More recently they' ve approached it with
things |i ke sl ant bore hol e, resi stance technol ogy for
| ooki ng at subsurface contam nation, which explores
the volunetric part of the vadose zone. So there are
ways that they can start to get around this.

But still, it's hard working around it,
rat her than to have done it up front.

Exanple two is a basin for fuel, spent
fuel storage basin, in a K reactor area. And they
built aliner systemunder this actually, but it turns
out it was built with what's called a spray-on
asphalt. They essentially forned sone sort of
col | ection pad; sprayed on asphalt; and that was their
system for coll ecting data.

Groundwat er system indicated a |eak, or
i ndi cated possible |eak, because they couldn't be
sure. There were other disposal sites |ocated nearby,
so they weren't really sure where this | eak was com ng
from But they didn't find anything in this
noni t ori ng pad.

But it turns out they never tested the
nonitoring pad. They have no idea if it actually did
work. They al so found out that the nonitoring pad
didn't extend under sone of the extensions to the

basin where they would bring fuel in and out.
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So the final speculationis that it | eaked
at the scene between those two pool entities.

By the way the fuel has already been
removed, and this will be decomm ssioned shortly.

Changi ng fl ow conditions: the early years
at the site alot of liquid, mllions of gallons were
di sposed in various ponds, trenches, ditches, and it
rai sed the water table significantly, 30 feet or nore,
particularly on the western side of the site. Up
t hrough about 1979 it was probably at the peak.

A lot of wells were put in, usually
screening the top five neters. So as we stopped
di sposing of liquid, the water tabl e dropped, and al
of a sudden we have bore holes that are no | onger in
the water table, so we're out of conpliance for those
particul ar sites.

Anot her issue there is that as the water
table is dropped, we're all of a sudden discovering

that the underlying basalt is now above the water

table. And so it's now becone an inpedinent, and it's

causing flow directions to change.

Vel |, when you do that, the wells that
were down gradient fromthe early site are now not
anywhere near down gradi ent because the gradi ent has

changed.
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And so you have to be aware of how your
fl ow systemis changi ng and rearrange your nonitoring
schenme accordingly.

This is another exanple of changing flow
conditions. The Colunbia is controlled by a series of
danms. And so water levels can rise and fall daily
two, three, four, five feet easily, sonetines nore.
So you have these pressure pul ses that flow back and
forth across sone of the near river waste sites.

It's very conplicated trying to describe
that. It doesn't lend itself well to a steady state
solution. Steven is going to talk a |ot nore about
this site, and | don't want to take away hi s thunder.
But just so you know, that's an issue.

| nventory uncertainty: there are a | ot of
burial grounds out there. And of course many were put
ininthe "50, 60, 70 time frane, so docunentation
is not what you woul d expect, at |east fromtoday.

There is one in particul ar where t here was
no indication of tritiumbeing in that burial ground,
but by chance, one of the sitew de groundwater
nmonitoring folks decided they'd like to sanple that
well for tritium not because he suspected anything
there, but he was trying to fine tune his regi onal map

of tritium And the first reading canme back over a
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100 mllion picocuries per liter, when he was expect
2,000 to 20,000 picocuries per liter.
And actually that didn't get captured

right away. People weren't paying attention at the

nmonment. It wasn't really on their radar screen
The next sanple canme back at 8 mllion
pi cocuries per liter. They realized they had a

problem This is atiny little speck way out in the
m ddle of a very very diffuse plune, and all of a
sudden you' ve got this huge pul se.

It ties nicely tothe burial ground. They
went back through the records, conbed through and
deci ded, yep, they disposed tritiumto this site.

They' ve now gone back in with the helium
three gas technique, where you sanple soil gas for
heliumthree, which is a decay product fromtritium
And they can isolate the portion of the burial ground
where this tritiumis concentrated. So that's very
hel pful when they want to go back in and excavat e;

t hey know where that's | ocated.

This is a plunme up here that i s about four
years afterwards. They finally can quantify where
this thing is located. You can see how |l ocalized it
iS.

This is kind of related to Brian
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Andraski's talk on tritiumtwo, so a little tie in

Cont am nant source location: this is a
carbon di sposal problem There is about three or four
| ocati ons where carbon tet was used as a decreaser,
di sposed to trenches, essentially just to leach into
t he ground. The groundwater is about 80 to 100 neters
bel owt he surface here. It was just the practice back
t hen.

Now we' ve got to deal with that. And the
guantities are on the order of 5-700,000 liters of
carbon tetrachloride, which is a huge anount.

They' ve done some nass bal ance
calculations, and this was back in 93, and they at
best coul d account for about 35 percent of the nass of
carbon tet, so they couldn't really tell where the
rest of it was. Speculation was about, because of
Steen Appel maybe it actually went down into the
ground water and is now at the base of the aquifer.
If that's true, how do you actually go and sanple for
it and locate it? |It's like a needle in the haystack.

Much of it could have been dispersed in
t he vadose zone. W just haven't captured it yet in
our sanpli ng.

They have had sonme vapor extraction and

ground water extraction remediation techniques, or
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technol ogi es. And they've probably renoved about 20
percent of the carbon tet. So there is still an

i ncredi ble amount that is still out there yet to be
determ ned. How do you nonitor sonething |ike this?
How do you quantify the source ternf

| threw this up here to drive hone the
poi nt about the conplexity of the subsurface. And
it's true, | did cherry pick sone of these photos to
hi ghl i ght sone of the layering units out there. Many
times these layers will cause things to spread far
greater distances than you would nornmally expect.

Sonetimes the | ayers term nate, and so you
can't always assune that the |ayers are continuous.
You have to be careful that they are not just going to
pinch off, and you are going to be left with fluid
nmovi ng downward at the edge.

W do have sone features that are
vertical. These are natural. They are called clastic
di kes, and on the right side of the image is an
exanpl e frommany years ago where soneone put water on
the surface, at the top of the dike. You can see how
it went down through the dike fairly intact, and then
all of a sudden hit a |l ayer down bel ow and started to
spread out. How do you represent that kind of

behavi or ?
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Now i f we change the conditions and nmade
that unsaturated flow, we nay not even see that
effect. The di ke may beconme nore of an inpedi nent
than a conduit.

The | ast exanpl e is uni nt ended
consequences, and | may be stealing denn's thunder
But | wanted to drive honme the point that soneti nmes we
design things that we think are perfect. But we have
t o have sone hunbl eness about this and realize that if
we think we're perfect, we've got to check. That's
why we col | ect data.

In this case we built a barrier, surface
barrier, that was actually quite effective. Al the
nodeling and all the lysineter work indicated it was
ef fective.

We built it, and indeed it was effective.
The problemwas, it was built on the side of a hill,
and so in order to keep the cover stable, we had to
put side slips onit. And these have to be gravel ed,
or sandy graveled, in order to be stable.

And they were stable. The cover stayed
intact. But unfortunately they al so pronoted
infiltration. So we had this perfect cover in the
m ddl e, and then we had this source of water on the

sides, alnost defeating the purpose of the cover
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itself.

And so that's why | called it unintended
consequences.

This is all sonething that can be captured
and thought of by a conpliance assessnment activity.

That's the end. 1'Il just |leave you with
t hat summary agai n about the uni queness and conpl exity
of the subsurface.

And then it's i ncunbent upon us to refl ect
that in our decisions, both nonitoring and nodeling.
DR. CLARKE: Thank you, M ke.

| failed to nmention in the beginning that
we are going to hold the questions until we conplete
t he panel discussion. And we'll go fromthere.

So our next presenter is Brian Looney from
Savannah River National Lab.

SAVANNAH RI VER NATI ONAL LABORATORY

MR. LOONEY: While he is getting ny slides
up, | will talk alittle bit about my dil emm.

|'ve tended to work at sites where there
were plunmes that exist. And | knew that we had these
two objectives here of plunmes that exist, and then
nmonitoring sites where you want to have a sensitive
system to tell you whether you in fact have

noni t ori ng.
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So what I'Il do is, I'll talk about it
frommy perspective of experience. But | think that
some of the issues of the shape and structure of
exi sting plunes mght be informative, mght informus
about thinking about plunmes fromnewy designed and
newy installed facilities.

So with that as a Ilittle bit of
background, this is a picture of work we did in Russia
where we're installing multilevel sanpling and punp
testing equi pnment in Russia. And just for scale, that
guy's head is about this big in the picture.

Let me start off with a very sinple idea.
| think the npbst inportant thing with nonitoring,
whi ch plays into al so cl ean up, is that plunes have an
anatony. They have different characteristics in
different parts of the plune.

So just for sinplicity what |'ve done is,
|'ve drawn these ovals where the red oval is the
source zone that tends to be highly perturbed in an
area of real release. The green zone is the primry
plunme. There is still a lot of contam nant in that
zone, but the geochem stry is nuch nore simlar to
regi onal background.

And then you have a dilute plune or a

fringe where you have large volunes of water, and
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fairly small amounts of contam nant.

And one of our philosophies in the
research group | worked in is that it's really
i mportant to match the personality of the renmediation
you use to the personality of the problem

So you tend t o use aggressi ve t echnol ogi es
inthe center, and then you tend to use nore standard
technologies in the mddle. And then you have to get
creative again back out on the end.

Now that has financial ramfications,
because the aggressive technologies tend to inject
reagents. You are treating a certain fixed vol une of
earth, and so the volune you need is the kind of
know edge that tells you exactly where t he cont am nant
is, because that's how you optimnm ze the treatnent.

If I knowthat | cost a certai n anount per
cubic neter to treat, and | know exactly where ny
stuff is, I'm treating the |east nunber of cubic
nmeters of earth.

Simlarly in the green zone here, the
primary plunme, the traditional engineering treatnent
calls for dollars per volune of water, so dollars per
t housand gal | ons woul d be an engi neering unit.

And so the goal there is to figure out

where the plunme is so that you treat the | east nunber
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of thousands of gall ons.

And t hen when you get out into the dilute
pl une, you really have so nmuch water to deal with, you
have to be in units of dollars per time, or else
you're basically in an untenable situation

So it's these kinds of matching things
that we try to do. And what 1'Il do is, |I'mnot going
to belabor this, because this is really nore of a
remedi ation thing. But it has to do with the kind of
characterization and nonitoring technol ogi es you use
wi thin each of these zones as well.

And of courseinthereal world a plune is
not beautiful ovals. It |looks nore like this.

So this happens to be an exanple of a
tritiumplunme at our Savannah River site fromthe old
burial ground, and the source zone is up on the left.
And essentially the plume noves in a curvilinear
fashi on through the aquifer and then crops out at the
bottomfo the hill.

The plunme is about between five and 20
feet thick. And one of the things that is inportant
to note, and we'll conme back to this, is that this
structure of the plume has a fairly substantial inpact
on nonitoring data.

There is a plunme very near here that had
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a simlar structure, and | was referring a journa
article, and the nonitoring wells that were put in
were put in right at the source, about this far down,
and they drew the plume as three ovals: a high
concentration oval; a nedium concentration oval; and
essentially a zero oval.

And what they were really contouring was
not the contam nation; they were contouring the
percent of the streamthat was in the plune.

So to nme this is kind of an inportant
i ssue where the geonetry of the contam nant noving
t hrough the subsurface is going to be an inportant
i ssue, and one in which we can be both creative and
t houghtful in our nonitoring suggestions.

So I'm going to go through just a few
exanples. The first will really set the stage for the
next tal k.

I'"'m going to talk briefly about the
Br ookhaven Hi gh Flux Beam Reactor. This is just an
interior shot showing the beam lines. This is an
i nportant national facility where people could | ease
or get access to beamtinme and do lots of scientific
experi ments.

And as part of running that reactor and

getting the high flux beans, essentially there was a
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fuel canal which was shown on the right, and I'll give
you the answer up front. It was shown to be | eaking
at afairly lowrate, something |like six gallons per
day. So a fairly lowrate.

Now | et' s tal k about how you woul d convert
that reactor into a conceptual nodel. The reactor is
essentially a large cap which keeps infiltration from
nmoving in there. And then you have a fuel canal which
is leaking into a canal, a very dry vadose zone, SiXx
gal l ons per day. And so that material is going to go
into the vadose zone, and by capillarity is going to
spread over a relatively |arge area.

That i s exacerbated by the fact that there
are coarse materials part way down through t he vadose
zone which in fact are going to serve i n a vadose zone
to further spread the contam nation

So now you have a very | ow vol une source
com ng down to the water table over a very |arge area
into a fast flowing aquifer. And the next talk wll
tal k nore about what happens in the ground water.

But the ram fications of that are, you get
a very thin plunme that occurs right at the top of the
wat er table surface.

So now what they did at Brookhaven, and

this is the reason we were called to cone up there,
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is, they installed two horizontal wells thinking that
would be a very robust way to figure out what was
going on. One was five neters up gradient fromthe
fuel canal, and the other was three neters down
gradi ent of the fuel canal.

So now we have this beautiful idea. W
have horizontal wells, immediately up gradient and
down gradi ent of the fuel canal, properly installed,
a good job. And the nunbers just went all over the
map. They went from al nost zero to 100, 000 picocuries
per liter. And they couldn't figure out what was
goi ng on.

W went up to the conference room and |
drew this little sketch, and | said, well, the water
| evel s are going up and down, and sonetinmes you're
sanpl i ng not hi ng, and soneti nes you' re sanpling a very
hi gh concentration that is right at the water table
surface.

That was confirned also by the vertica
well that was put in down gradient, because the
concentrationinthe vertical well would vary strongly
as the water table went up and down.

If you do the calculation on this, the
i nportant thing about this is that it shows us that we

can optimze our thinking and be very creative and
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actually get a very robust nonitoring system

If they had nonitored tritium in the
vadose zone here up front, it would have been fairly
robust, because you would have had an early warning
system that was insensitive to the expected
variability of the environnent.

To use a standard nodel, what normally
happens is you assunme you have sonme kind of
infiltration rate. It mxes with the ground water
flow, and you get this kind of expected thickness of
pl une. Mbost of the radionuclide risk assessnent codes
do sonething like this.

And essentially if you do that little
rati o-ing, what you calculate at this particular site
is that the plunme expected under the Brookhaven Hi gh
Fl ux Beam Reactor would be just a few inches thick.

So essentially you had a cordon wel | that
was a nmeter below the water table, and a plune that
was a few inches thick that was snearing up and down
and becom ng kind of interesting over tine.

And then it gets one |evel nor e
conplicated, because at that point, Brookhaven did
what I consi der one of t he best pl unme
characterizations probably that's been done in the

country for a fairly nobile contam nant, and
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essentially they characterized this area down here.

But what you see is that you have this
area under the reactor where no water is comng in,
and so the plune essentially hooks the water table
surface. And as soon as it gets out fromthe
footprint of the reactor, you have new infiltration
comng in. So essentially you get the classical
m gration path. of the contam nant.

And sur e enough, when | ots of sanpl es were
t aken, you essentially get exactly the expected path.
You get hugging the water table, and then noving
downward t hrough the aquifer. And that angle on that
is exactly what you would cal culate fromthe earlier
equati on when you do the ratio-ing of the infiltration
to the lateral water table.

In ternms of what was seen in the down

gradient vertical well, it did exactly what was
expected as well. You have essentially a thin few
inch-thick layer that is noving up and down. It's

being diluted by a variable zone of relatively clean
wat er .

Now this is not a perfect nodel, but it's
a conceptual nodel. And what happens is, over tine
this gets sneared around a little bit, so this really

isn't zero, and there is sone contam nation up here.
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But in essence what was happening is, the
concentrations in the vertical well, i mredi ately down
gradient of the reactor, were sinply varying as a
function of the ratio of the thickness of the
contam nated zone to the anmount of clean water that
was bei ng sanpl ed.

So that's ki nd of the Brookhaven Hi gh Fl ux
Beam Reactor exanple. Let ne just show a coupl e of
ot her exanpl es of conceptual, building on the talk we
j ust had.

This is Hanford, and you can do a
conceptual nodel at this kind of sitew de basis. So
what you do is, you just draw everything at the site,
and you kind of put it in perspective. And it's a bit
of a cartoon, but very useful kind of cartoon.

And t hen what you can do is, you can zoom
in on certain parts. So if you take this previous
slide here, and you zoomin on the central pl ateau,
that part that is on top of the hill, then you can
draw the facilities in alittle nore detail, and you
can kind of depict what kind of waste di sposal goes
on, you can describe it in nore detail, and you get a
little nore kind of know edge.

But when things really becone useful is

when you start noticing that there are sonme |oca
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things that actually control how contam nants are
nmoving right in the vicinity of the waste facilities
t hensel ves.

And it's by drawing a sketch like this
that | think you can get pretty creative in
understanding and matching the geonetry of your
cont am nant .

O inthe case of a newfacility, putting
your nmonitoring inin away that is cost effective so
that you're nonitoring the place sothat it's goingto
be robust and sensitive to the contam nant.

| think it came up earlier today, and the
i ssue was, if you put in one of these newfacilities,
you expect to see zeroes for 300 years. The reason
that we put nonitoring in, is because we want to do
our very, very best to figure out if it fails. And
the way you do your very best is, you really think
hard about the conceptual nobdel associated with the
facility itself.

So here's the conceptual nodel factors to
remenber. The first is that | think we can really
t ake advant age of and understand plune trajectory and
incorporate the controlling boundary conditions in
hydrol ogy into our nodels. And we need to collect

dept h discrete data during the characterizati on phase
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of work.

The reason | put this first bullet in here
was because the first tritiumplume | showed that kind
of curved through the subsurface, that was not being
controlled by the geology, that was just being
controlled by where water entered and exited the
system So that kind of curve happens even if there
is not lithological control. And | think that is an
i nportant issue.

People often think that if the plunme is
doi ng sonething like that, there has to be sone kind
of heterogeneity that is causing that. That happens
j ust because water is pushing it around where it wants
to push it around.

And t hen you have the | ayer on top of that
hydrol ogy, the layering in the heterogeneity in the
lithol ogy.

In terms of subsurface heterogeneity, |
think it's inportant to optim ze nodel s based on al
the characterizations collected at the different
scal es.

| think aninportant point hereis, beware
of sanpling on arbitrary grids if a contamnant is
going to be strongly controlled by lithol ogy or

geochem stry.
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One quick exanple there is, | went to a
site, and they were really proud. They took ne into
t he conference room and they showed ne t hat there was
a sticker on all of their nmeter sticks that was from
NI ST. They had mailed all their neter sticks to NI ST
to show that they had been calibrated, so that they
could collect sanples on an exact frequency in the
subsur f ace.

And what happened was, there was a clear
| ayer that was kind of undulating through the site,
and they got a bunch of really high concentrations,
and they got a bunch of really |ow concentrations.
And they weren't contouring their contam nant. They
were contouring the distance fromthe clay |ayer that
they were taking their sanples with their NI ST-
calibrated nmeter stick

And then finally, and of course | have no
solution to this, but I put it on the slide for Steve
and others - I'msorry for the insensitivity. And |
think the case here is where characterization and
nmoni toring m ght be able to hel p us bound what sone of
t hose things are.

Let nme just show a coupl e of photographic
exanples. This is a dine right here. And the scale

that we have on that system So that's on a snal
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scale. What we have is lots of little clay
interpolated with sand on the scale of a dine at
Savannah Ri ver.

And then this, just a fewniles away, is
a large plune that we have that is noving through the
subsurface over the scale of about a square mle.
That happens to be a sol vent plune, but basically just
to show the idea of heterogeneity.

The way we' ve dealt with that is, we tried
to characterize on different scales with different
tools, so we use a |lot of direct push sanmpling. W
try to use various sensors, optical, electrical,
radi ati on sensors.

W use sorbents that specifically sorb
contam nants. In some cases we can even get themto
change colors in the field.

And then looking at the geonetry of the
actual access itself. So to kind of sunmarize,
geonetry considerations, | think it's inmportant, the
same as matching your renediation technology to the
personality of the zone you're after, | think you have
to match your access to your conceptual nopde
geonetry, through your selection of drilling and
access net hods, and your well construction deci sions,

where and how you put your screen in.
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So as scientists we want short screens,
because it gives us the nost know edge about the
nature of the plume. But when it cones to making
informed risk decisions, you actually, by putting in
short screens, you gi ve your biggest chance of m ssing
the plune. But you give your chance of getting the
hi ghest concentrati ons.

By putting in long screens, you give
yoursel f the | east chance of mssing the plunme, but
you have all the dilution of the clean water that goes
in there.

So this is the tension. In every case in
nmonitoring, | think one of the messages that | take
home just fromthis norning is that there is a tension
in making all these nonitoring decisions where you
want to be accurate, and yet have sonething that is
relevant to informng your risk decision.

CHAI RVMAN RYAN: M ke, excuse ne, i s soneone
on the bridge |ine?

VO CE: Hanford site.

CHAI RMAN RYAN: Ckay, great. Wuld you
m nd putting your phone on nute, because when you make
noi se, we're hearing it.

Hel | 0?7 kay, thanks.

(Laught er)
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MR. KQZAK: | think whenever you have

access, you should maxi m ze your value fromit. So we
do a ot of data collection during access, and use a
| ot of bore hole | ogging, sow do alot of Iithol ogy,
either with core examnation or various sensors,
el ectrical hydrologic thermal properties, sanples of
either solid, liquid or gas, various down hol e
spectroscopy.

| think there is a lot of innovative
fiel d-based nmet hods that are out there. In the Ofice
of Science they funded a | ot of environnmental push-
pull tests. | think those are very proni sing and have
some potential in application.

Once again, thisis just an exanple. This
is foot by foot core exam nation, was used to
generation this [|ithol ogical sequence. That
lithol ogical sequence was correlated with a | ot of
effort and work into that hydraulic connectivity
di stribution.

That was a various useful particul ar thing
at this site. This is sone of the reactor areas at
Savannah River. And this lithology and hydraulic
connectivity distribution explained why a particul ar
plunme in a certain area had a tritium plune that

bi furcated into two | ayers.
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So here's ki nd of the sunmary t houghts for
my talk. Consider early warning systems. | think the
idea of waiting for a contamnant to get into the
water table before we even begin to think about
monitoring it is a weak ki nd of nonitoring paradi gmif
there is an alternative.

| think the idea that was nentioned
earlier | think is a very powerful one, to think about
i ncor porating tracers and i ndi cat ors, ei t her
explicitly into your materials, or |ooking for
opportunities in terms of the geochem stry or
chem stry of your processed waters.

Consi der plune geonetry: | think we can
expl oit opportunities with plune geonetry, and we can
avoid pitfalls with plune geonetry.

| think we should consider nonstandard
approaches. The three exanples I'll just highlight
here are geophysics, |looking at the different phases
that you coul d sanple; push-pull testing; and | think
we can consider the geochemstry of +the site
especially as it has to do with the nobility of
contam nants.

So just a couple fo quick photos. This of
course is a pretty easy one. This happens to be

cesium but this is |logging that was done at Hanford
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again. It was done near the tank farms. And
essentially what was done at Hanford was, the cesium
plume was nonitoring with dry bore holes, and they
essentially | ooked at the gamra distribution.

Wth sorme of the things we've been tal king
about this norning, tritiumand strontium it's going
to be a much nore difficult and chall engi ng ki nd of
activity.

So for geophysics, surface nethods are
good for trends, interfaces and changes. But you have
some resol ution i ssues, especially at depth. | think
if you can come up with creative ways to use existing
bore hol es t hat geophysicists can often provi de usef ul
and interesting information.

And | think iif geophysics has the
potential to be interesting, that that site should
even consi der addi ng access at key | ocations.

|"'m going to do just a little thought
experiment for a few m nutes, because one of ny goals
was to be controversial and gi ve you guys sonething to
tal k about.

And what 1'm going to talk about is, we
had a series of talks that Mles Denimand | had put
together. One of themis called gas, the forgotten

phase in netal s and radi onucl i de renedi ation. And |'m
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going to give a very short variant of gas, the
forgotten phase i n metal s and radi onucl i de nonitoring.

And what | want totalk alittle bit about
is, the ways that you can nmaybe be creative and get
away from standard nonitoring wells and get
interesting and useful information.

So the general conceptual basis for this
is things like tritium mercury and even urani um and
t hori ummay have the potential to be nonitored through
t he gas phase through collection of gas.

Soil gas nmonitoring of netals has its
roots in efflorescent geochem stry, so there is a
| ar ge body of supporting scientific literature there.

And | think the key thing for site owners
is gas sanpling is easy, it's inexpensive. Mny
anal ytes are easy to analyze in the gas phase, often
wi th equi prent that can be used right on site.

As soon as you say, well, what about the
gas phase, you can start breaking it down further. So
this is kind of building this thought experiment.

Well, what iif | could nonitor the
contam nant directly as a gas? Wat if | could
noni tor the contam nant using diagenetic gases that
are forned, or indicator gases? Exanples would be

decay products.
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And then finally, what if | could just
nonitor the conditions for contam nant mnera
stability? Those woul d be using diagnositc gases.
That would be the nore traditional way that it was
done in exploration geochem stry.

Tritiumis the nost obvious contam nant
for direct nonitoring. At nost sites it's in the form
of tritiumsubstituted into water nolecul es.

Thi s approach has been used at nany sites.
It's been used at Laurence Livernore, Savannah River,
at Hanf or d.

One exanpl e here, this was a site where a
tritium plume was cropping out at the bottom of a
hill. A damwas built, and the water punped up to the
top. Sone fraction of the tritiumis evapo-
transpired, and sone of it goes back into the
subsurface and has a longer decay tinme. So this
essentially becomes a phyt oevapotranspirati on system

What we did at this site was, we installed
mul ti-level nonitors here, and sinply went out once a
month for 2-1/2 years and collected gas sanpl es,
pull ed gas for 24 hours, put it through an ice chest
that had sonme ice init. And the data that was used
with our regulators to allow us to run that system

based entirely on a nodel that Cornell University did.
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So in this case here's the shallow and
then increasing depths. And what you see is the
tritiumconcentrations that were neasured are the red
squares here. And then the tritium concentrations
that are predicted by the nodel are the blue. And it
was this 2-1/2 years of data that our regul ators said,
you can now run the nodel and use that to run your
phyt oevapotranspirati on system

So that represents about 5,000 sanples in
the course of 2-1/2 years. And 5,000 sanples, there
were like 10 sanples that we weren't successful in
getting. Wiich is different than the section
| ysimeters whi ch had about a 60 percent success rate.

Several contam nants are candi dates for
direct nonitoring. In addition to tritiumyou have
nmercury, antinony, arsenic, tin, and others.

Just as a synopsis, direct neasurenent of
gases i s applicable to characterizationin nmonitoring,
the limtations are that relatively few contam nants
express thensel ves in the gas phase, and that solid,
solution equilibria are conplex in gas-based
concentrations and are controlled by biological
reactions.

What | want to do is, this is a thought

experiment - |'mnot advocati ng we go out and do this,
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except possibly for tritium- but what |'mdoing is,
|"'m sinply trying to go through this process very
qui ckly.

Another exanple is radon to nonitor
uraniumor thorium This is a case study where we had
an area of gamma anomaly for bisnuth-214. So we flew
over the site, and we said, oh nmy god, there is a
bunch of bisnuth-214 here, and soneone said, there's
access  bisnuth-214. There nmust have been
ant hropogeni ¢ uraniumthat was put up in that area.

And we went back to the site, and just
tried to figure out what was going on. And it becane
cl ear when we started | ooki ng at the decay chai ns t hat
what happened i s, you have your urani umthat goes down
here, and you get the radium- radon-222, and it's a
gas. You cone down here, and you get the radon-220,
and it's a gas.

And so t he hypot hesis that we canme up with
was that what we had was, uranium and thoriumthat
were at sone depth, and the half Iife of radon-222 is
five days, and the half Iife of radon-220 is 50
seconds. And so basically what we had was, radon-222
mgrated to the surface and ended up showi ng up as
bi smuth -214, whereas the radon from thorium was not

making it to the surface because of its transport
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So how can we use that in nonitoring? So
if we have a site that has mxed radioactive
mat erials, not purified uranium you essentially have
a cap. You have the radioactive spoils here.

If I put in a vadose zone causoneter, and
then | show a cross section, A-A prime here, and |
sanple from down here, | sanple throughout, |
basically am going to have a radon curve that | ooks
sonmething | i ke this - not particularly useful, because
what you have is the large body of radioactive
material that is emanating the radon. You have it
varying as a function of noisture content, and all
kinds fo other things, and it gets alittle bit nmessy.

So let's try to be creative. So what we
said is, we've developed - we've | ooked at and ot her
peopl e have, baronetric check valves. So that when
baronetric pressure goes down, you are under this
| arge cap, you essentially slowy suck gas through
t hese radi oactive spoils, and so now what you have is
a general trend of gas noving toward this over tine.

And what this does is, that's going to
sharpen up that radon right beneath the spoils. And
then if the radium and other source material noves

down into the screen zone, you are going to get the
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appearance or radon in the screen zone.

Once again just a thought experinment, but
we are sinply trying to encourage creativity and
flexibility within the tension of having to have ri gor
and ability to docunent.

And then finally diagnostic gases, and
this is the nost classic exanple. Wat you have is,
down at the ground surface you have oxygen that cones
dowmn and then slowy used through a isotropic
honogeneous bi ol ogically uniformmedia. And then you
have carbon dioxide comng up, across the site, a
cross section is going to have nothing going on.

Thisisreally for potentially nonitoring
stabilized nucl ei des, where reductants are used. Wat
you woul d have then is an area of high electrons here
in the center. And then you have rings of different
gases, reduced gases here, nethane, hydrogen sul fide,
i nt ernedi at e gases, carbon di oxi de, carbon nonoxi de,
and then oxi di zed gases on the outside.

And then i f you plugged profiles of all of
t hese gases which nost of which can be anal yzed on
site for al nbst no noney, you essentially can docunent
that your contam nants should be stabilized wthout
having to do lots of wells and | ots of contam nants.

So the conclusions for the gas phase are
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as follows. W think that innovative nonitoring for
radi onucl i des m ght benefit by an expanded view, and
by considering alternative phases for sanpling.

Gas sanples provide for early warning in
ternms of vadose nonitoring. It nay be nore reliable
t han suction | ysinmeters for appropriate contam nants,
and that was only a few perfect contam nants - but
tritium happens to be one of them

Tritiumis probably easier to neasure that
helium3 or helium3 helium4 ratios. That's why we
selected to do that, but any of those things are fine.

And the three di fferent approaches to gas
nmonitoring - the direct and the indicators - can be
conmbined with each other and traditional nonitoring
and with sensors to address the inherent limtations
of each of the various approaches.

So there's ny summary t houghts again. And
what |I'm going to do is very briefly do the
geochem stry. And this is really - 1'"'mgoing to show
two slides that | devel oped for state regul ators when
they had a list of questions one tinme, and they were
havi ng a wor kshop.

They wanted to know about bi oremnedi ation
of metal s and radi onuclides. And basically for netals

and radionuclides | split what can be done into two

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

177

categories. You can either stabilize them and keep
them there, or you can extract them Except for
radi oacti ve decay there is no degradation.

So stabilization includes redox processes,
directed precipitation reactions, indirect
mani pul ations, and thermal stabilization can be
depl oyed by addi ti onal perneabl e reactive barriers, et
cetera, and extraction.

So what | didis, |I defined these things
for them and then they gave nme a list of
contam nants. And what | did is, | made them a
consuner reports table that | ooks sonmething |ike this,
and | basically worked through a thought process for
each elenment and did its geochem stry.

And | said, for tritiumthere is really
not rmuch that can be done except extraction by either
plants or as a gas phase. But then as you get into
some of the other things, you have nore potential
And then | put in italics, because they were
interested in the biological things, | sinply put this
in to show that what the National Acadeny has
suggested to DOE i s, they consider defense in depth as
an inportant part of their work.

And defense in depth neans that you need

to design your facilities that they are going to be
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robust, and have sonething that picks up if sonething
else fails. And | think nonitoring can be built into
that as well.

So for exanple it may be that you put an
el ectron scavenger within a facility as part of its
original design, and then nonitoring can sinply be to
noni tor the presence of that. That gives you a safety
factor if your original line of defense |eaks.

So then | added one to ny slide, and |
basically said, you need sensitive and |eading
i ndicators and trigger technically based operational
deci sions or contingencies, and | think that that is
really inportant.

So in terms of the focus questions, |
woul d say that the take-home nessage is that plunes
tend to form very specific geonetries based on the
driving forces near the site. That is sonething that
has probabl y been underrecogni zed and underutilizedin
i nterpreting data.

The | ocati on of screen zones, | think the
opportunity for vadose noni tori ng has been
underutili zed.

And I t hi nk t hat basical |y by
i ncorporating some of those ideas you can not only

characterize existing plunes, but possibly also comne
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up with fairly robust systens for new facilities as
wel | .

DR. CLARKE: Thank you. W' Ill keep novi ng.

The next presentation is nodeling and
nmonitoring basis for tritium plume managenent.

W have two presenters, TomBurke and M ke
Haupt man from Br ookhaven.

And Tomw Il start the presentation.

BROOKHAVEN NATI ONAL LABORATORY

MR. BURKE: Good afternoon, how are you
doing everyone. M nane is TomBurke. |I'mwth
Br ookhaven Nati onal Laboratory.

What we are going to tal k about today, ne
and M ke, ny partner, we're going to be tal king about
what we did with the HFBR tritium pl une.

| amgoing to tal k about the i nvestigation
and nodeling, and Mke is going to focus on the
remedi ati on aspects.

| want to give you sone background about
the laboratory and the lab, and the context within
which we did this.

First off, |'ve been a superfund project
manager at the lab for the last 15 years, so this
investigation and this problem and this renediation

occurs in a substantially different context from!|l
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t hi nk t he NRC, where you have siting |icensing issues.

We had contam nation issues before the
tritium plume happens. To give you an idea, it's a
fairly large facility, we currently have 17 ground
wat er treatnent systens. W have over 50 extraction
wells. We're punping 4,500 to 4,700 gallons per
m nut e t hrough those systens.

Most of themare for chlorinated sol vents
and BOCs. W have two strontium 90 treatnent systenmns,
handling the strontium 90 pl unes.

And into that m x, we have the tritium

Which button is it? Ckay.

Picture of the high flux beamreactor in
gui et days.

Where are we? We're in New York. W're
on Long Island. W're on the eastern part of Long
Island, in Suffolk County. Sole source aquifer,
dri nki ng wat er aquifers.

The | aboratory was established in 1947.
Prior to that it was an arny base in Wrld War | and
VWrld War 11. W have approximately 2, 700 enpl oyees.
W' re about 5,300 acres in size. That nmakes us about
ei ght or nine square mles in size.

And t he aeri al phot ograph of the center of

the | aboratory, the industrialized center, thisisthe
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high flux beamreactor. |It's |ocated approxi mately
1.3 or 1.35 mles fromthe site boundary.

Drawi ng of the | aboratory: here we are,
high flux beam reactor about 1.3 mles from the
boundary. The boundary al ong the southern edge is the
Long Island Expressway, and there is a residentia
comunity south of the property.

This map is lined up north to south. The
general ground water flowthrough this areais to the
sout h.

An aerial view of the high flux beam
reactor. That's the high flux beamreactor. This is
anot her reactor, the graphite reactor, Brookhaven
graphite research reactor, 1950-vintage.

Anot her map show ng you t he hi gh fl ux beam
reactor, ground water flowto the south. O interest

here, this is where the location of the spent fuel

was. In our investigation we determ ned that the
spent  fuel pool was the primary source of
cont am nat i on, even t hough after exhaustive

investigation by us and others, there were other
contributors to tritiumat this facility. But the
real primary one, they were snaller, the primary one
was the | eaking of the spent fuel pool at a rate of

about six to nine gallons a day.
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A cutaway of the reactor. Here we have
the fuel canal, the spent fuel pool. The ground
el evation here is approxinately 70 feet to the water
table. The bottom of the spent fuel pool is about 20,
23 feet to the water table. So we have about 20 - 23
feet of vadose zone that Brian had spoken about
bef ore.

To give you an idea of size, the inside
dianeter, the foundation. During the initial
i nvestigation, we did not drill t hrough the
contai nment zone. W only drilled outside the
building. W did drill through the contai nment zone

subsequent|ly many years later, but during the initial

i nvestigation phase, we did not. It was only outside
wor k, because at that tine the reactor was still going
to continue. It did not.

A little history on the reactor. It

basi cal | y operated for about 30 negawatts, even t hough
it was designed at 40 negawatts. It started in 1965.
It basically operated as a research reactor, much
different fromyour power reactors in size and power
at 30 negawatts

It was shut down in Decenber, 1995, for
routi ne mai ntenance and refueling. |In Decenber, 1996

we di scovered tritiumin the ground water outside the
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reactor. The source was ultinately tied to the spent
fuel pool

W began t he i nvestigati on and renedi ati on
of the tritium |eak under CERCLA. The Brookhaven
Nat i onal Laboratory was al ready an exi sting superfund
site, and NPL site, and a CERCLA site.

M ke and | were both project managers in
t he superfund CERCLA office at the |aboratory.

It was decided ultimately by the secretary
of Energy to close the reactor based on programbudget
concerns in Novenmber of 1999.

The regulatory framework that we found
ourselves in, at the laboratory at BNL we were a
CERCLA superfund site, and we were at NPL in 1989.

In 1992 we had an interagency agreenent,
since there were i ssues of sovereign imunity. W had
an agreenent with the EPA the state DEC, and anot her
pl ayer, inportant player, was our |ocal regulatory
agency, the Suffolk County Department of Health
Servi ces.

In our site we had 30 problem areas, 30
contam nati on areas, of which one of themwas the high
fl ux beam reactor.

To give you a Ilittle geological,

hydr ogeol ogi cal background, as | nentioned before, it
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was a sole source aquifer. The deposits were
basically 1,500 feet of unconsoli dated deposits above
the bedrock, Pleistocene glacial tells, outwash
deposits. Qur hydraulic connectivity was in the range
of 175 feet per day. Qur ratio of horizontal to
vertical gradient was about 10 to one. Qur annual
preci pitation was about four feet of water, of which
about half of that made it to recharge.

The depth to ground wat er fromthe reactor
was a little bit over 70 feet. The bottom of the fuel
pool was about 20 - 25 feet away.

At the Ilaboratory we had a mx of
contam nants. W had vol atile organic chem cal s,
chl orinated solvents, up to about 7,000 parts per
billion; the highest tritiumwe ultimtely di scovered
was a little bit over 5 million picocuries per liter,
and we al so have strontium 90 up i n the range of 3,200
pi cocuries per liter, not in the tritium plunme but
el sewhere. But all this is occurring on site.

The reason | put this map up, here is a
map of the l|aboratory. Every little yellow dot is a
probl em area that was part of the CERCLA superfund
operation that was going on since the early 1990s.

Here's a picture of the spent fuel pool

that was ultimately enptied and drained to stop the
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source term to prevent any additional material from
| eaki ng out to the environnent.

The contam nation was basically tritium
40 to 140 mllion picocuries per liter. There were
some trace ampunts of heavy netal. There were no
ot her significant radionuclides.

It was ultimately determ ned that our | eak
rate was about six to nine gallons per day over a
peri od of about 12 years, rel easi ng approxi mately five
to six curies into the ground water.

Here's a picture of the spent fuel pool.
It was approximtely 65,000 gallons. After it was
enptied, a liner was put in in anticipation that we
were going to run the reactor again. W put the |line
in, we didn't run the reactor again; but we still put
it in. If we were going to operate it, this would
have been in place, and there would have been
interstitial nmonitoring going on to warn us if there
were any other future problens.

The initial characterization of the high
flux beamreactor tritiumdiscovery was significant.
It actually occurred on a very accel erat ed aggressive
schedul e. There were a nunber of issues occurring at
that tinme.

Normal |y we woul d not proceed in such an
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aggressive fashion. If | had to do it again, we'd
hopefully be able to do it a little slower.

But what we did s, the initial
characterization, everything we're going to talk
about, happened in a period, frombeginning to end, in
a period of about four to five nonths.

W did alot of subsurface investigation,
well drilling, piezoneters, geoprobes, vertica
profiles, installation of permanent nonitoring wells.

The geoprobes and the vertical profilesin
this term nology |I' musing, these are tenporary well s,
and they are multilevel tenporary wells, where we're
taki ng sanples at different |ocations throughout the
depth of the aquifer to help us in delineating the
magni tude and extent of the contan nation.

VWhat we sanpled for, we sanpled for
tritium of course. W sanples for gross al pha and
beta; sone strontium 90; and VOCs. The reason we had
to sanple the VOCs was, there was a col ocated pl une,
unrel ated sources. But there was still a VOC
chlorinated solvent plune in the sanme place as the
tritiumwas.

Modeling: we did a | ot of nodeling. The
nodel we used was MODFLOW MI3D. What was useful for

us, before this problem happened, | had spent a year
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devel opi ng t he detail ed conceptual site nodel wth our
consultants to put together a fairly robust
conpl i cated nodel that was the size, it covered about
200 square nmles, and it was a |l arge sort of regional
nodel from which we were going to use tel escope nmesh
refinement to come in and do nore detail ed nodeling
for nore site specific |ocal areas.

This is a significant effort, and it's
i nportant, because we knew we had a | ot of problens at
the site. W were already doing this, and this was
basically conpleted for the nost part when the tritium
happened, so we were able to cone in and nodel the
tritium So this is not the only nodeling we did.

W did a range of nodeling, because sone
of thisis sinple, sone of it is conplicated. Sone of
it only takes a short anount of time; sonme of it takes
a long tine.

W did sinple nmass bal ance cal cul ati ons,
what | eaked out, what do we think | eaked out, what can
we find in the aqui fer down gradient of the reactor?

W di d anal ytical 2-D/ 3-D nodel i ng, and we
our nore conpl ex nunerical MODFLOWnodeling. This is
a flow transport.

| nterestingly enough, even t hough we were

doing different types of nodeling, the range of the
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nodel i ng provided sinmlar results to each ot her, even
given the fact that there were slightly different
assunptions and strengths and weaknesses to t he nodel .

As | mentioned before, we had t he MODFLOW
and fromthat we were going to conme in and do | oca
finite difference nodels, which was the MI3D.

The interesting thing that happened when
we nodeled it in MODFLOW MI3D t hat surprised us at the
time was, it showed that the plume was in equilibrium
- or not in equilibrium but close to being in
equi librium which surprised us. And we didn't
believe it at first, but we went back and we renodel ed
it again. W had sonebody el se nodel it differently.
And it kept on telling us - giving us the sane
results.

And it convinced us that the plune, the
tritium plunme, which I'lIl show you pictures of
shortly, was noving down gradient, but it was at a
point that it was diluting, dispersing, decaying at
the sanme rate that the source termwas releasing it to
the environnent. It wasn't quite at equilibrium but
it was close to it. And that we found to be
surprising, because it wasn't Ilike our classical
chemi cal plunes that snmear a lot, and obviously this

has decay in it so it goes away much qui cker than we
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had anticipated or expected. And that was a big
surpri se.

And in our regulatory neetings and
contentions, it actually took us a long tine to get
t hem on board, and have the regul ators, EPA and the
state, to agree that what was occurring in the
subsurface and the aquifer formation was as it was
represented in our nodels.

The MODFLOW MI3 plunme, it matched very
very well to what we had characterized on the ground.
So when we showed the nodeling results, we showed
this, and when we showed t he characterization results,
we showed this. And they weren't exact, but they were
cl ose enough. And for those of us in the nodeling and
groundwat er i nvesti gati on busi ness, we were very happy
that they were so cl ose.

The tritium transport process: sone of
these are significant, some of themaren't. But you
al ways have to anticipate them or at |east account
for themin your nodeling exercises.

Certainly you have your advection
primarily. You have your dispersion. That includes
nol ecul ar diffusion, which is negligible. You have
obviously your radioactive decay. Retardation is

al ways an issue, but for tritiumretardation is
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not hi ng.

Al so for this systemthat we had chenica
and biological reactions are basically considered
not hi ng for the nodel.

What is driving this is the groundwater
system and our groundwater heads and groundwater
flows.

The initial characterization that we did,
we had three geoprobes operating, we had nine dril
rigs operating sinmultaneously. W were installing
profiles, vertical profiles, with F-10s, 18 hours a
day, at 100-foot spacing, at 180 down to al nost 200
feet deep, taking sanples every five and 10 feet into
t he aquifer.

W were wusing five analytical |abs
simul taneously with qui ck 48 hour turnaround tines.

Initially we installed 30 piezoneters; 51
nmonitoring wells; 45 geoprobes; 77 tenporary verti cal
profiles. W collected over 1,900 sanples.

And | apologize, this may differ from
what's in your handout. That was a subcost. The
pl ume characterization, and the renedi ati on that M ke
is going to talk about, cost on the order of $6.3
mllion. And we're talking the bulk of that cost

occurred in a four, five, six nmonth period, which is
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very aggressive.

Currently what we have is, we have a
per manent nonitoring well network of 159 wells. This
i s augnent ed by annual tenporary wells, conbination of
vertical profiles and geoprobes, where we drill and we
install, we take sanples. This costs us about
$180,000 a year. Eighty thousand is for the
monitoring well network, quarterly sanpling; and we
have maybe another 100,000 that we're using for
installation of tenporary wells.

VWhat we found is that even though our
transport understandi ng of the plune was very good -
we know what it will be as it goes down gradient -
there are things we can't control that shifts the
plune alittle bit tothe left and alittle bit to the
right that nakes the nonitoring wells that we put in
that were once good to be no longer in the proper
| ocation. And hence our nonitoring well network
becones i nadequat e.

So we augnent it with permanent nonitoring
wells. But we also go in and put tenporary verti cal
profiles and geoprobes to help wus continually
characterize the plunme. Because the nodeling all owed
us to match up the source term and the

characterization to the predictive path of the plune.
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And j ust renenber, the MODFLOWi s the fl ow

nodel. It tells you where it's going. The MI3
transport tells you what it's going to be when it gets
t here.

Qur flow nodel was pretty good. W had
close to 200 calibrated head targets with very good
residuals in it that were very, very hel pful for the
fl ow nodel that hel ped us gain confidence that the
nodel we were using was the appropriate nodel to use
to nodel the transport of the tritium

A picture of the plune. This is the high
flux beamreactor, lined up north to south the plune
is. Gbviously you have hi gher concentrations in the
center of the plunme, and | esser concentrations at the
| eadi ng edge.

The distance here is about 12 years of
travel time. The distance here is about 3,600 feet,
whi ch makes it about 3,200 - 3,400 feet to the site
boundary.

Anot her picture of the plune. Once again
there is the high flux beam reactor. Higher
concentrations obviously out front.

Here you will notice there are multiple
transects of wells that were placed in here, here,

here, here, here and at the site boundary. The
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pur pose of these wells was not only to prove to
oursel ves, but to convince others - we had to, the
regulators and the public - that the tritium plune
that we had discovered was not |eaving the site
pr oper .

Based on all those sanples, we had and
have very detail ed cross sections of the plume, which
enabled us to put it in the nodel, to give us greater
confidence that we could predict where it would go,
and at what concentrations it would be when it got
t here.

This is just one of the typical cross
sections. It nmay match up slightly to the one Brian
had shown you. The high flux beam reactor coni ng
down.

The first 200 feet or so on the property
is what we call the upper glacial aquifer. Even
though we call it honobgeneous, and we think it's
honmogeneous, and on sone |evel it does act
honogeneous, things are not as honbegeneous as you
think it is.

If I had to go back and do this again, |
woul d probably collect nore data for variations on
hydraul i ¢ connectivity, with CP, conopetromty of the

bore hol e physics, than we initially had done.
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If I had to do this again, I'drevisit the
use of West Bay nultilevel systenms again. W | ooked
at at the tinme, but there were a nunber of reasons we
didn't pick it, even though the Wst Bay multil eve
systens offer you very, very good information

Wth our formation we can do 100 - 120
feet with a geoprobe at fairly cheap costs, so it
still nakes sense for us.

Qur clean up decision, in our record of
decision: all the work that | nentioned that was done
inarelatively short period of tinme was done under a
renoval action which was one of the terns, or one of
the actions you can take under the superfund CERCLA
program Utimtely, it's incorporated into a record
of deci sion.

Qur record of decision said we would cl ean
up the tritium plunme to MCLs in 30 years or |ess
Even though there's been a lot of talk about dose
rates, and that's very inportant for the NRC, what
drives us, or what has always driven us, is the
drinking water standards of the MCLs for our
contam nants. For this it's 20,000 picocuries per
liter.

Anot her aspect of our clean up decision

that we had to guarantee that we could prevent or
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mnimze further mgration of tritium in the
groundwater; the plume growth. The plune as we
characterized it wasn't going to get any bigger, or
significantly bigger than it already was, and we were
going to nonitor to confirmthat. And if that didn't
happen we woul d have to take additional actions,
contingencies and trigger values that Mchael wll
tal k about.

MR. HAUPTMAN:. Hi, everybody, switching in
m dst ream

|"'m M ke Haupt man, and as Tom said, |'ve
wor ked wi th hi mnuch nore on the nediation end rat her
t han characteri zation.

| just wanted to go back to this slide for
a second. Tom nentioned the plume was in equilibrium
And t hat was sonething that we had to denonstrate to
regul ators and all our stakehol ders, and that was the
key to this record of decision statenent, prevent or
m nimze plunme grow h.

W believed it. Qur nodeling showed it.
And t hen we needed to denonstrate through nonitoring,
iteratively, that this was the truth. That's the crux
of what |I'mgoing to be tal king about.

What happened, |1'm going to go through

details now, in order to maintainthis equilibriumand
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generate credibility with the regulators and with the
st akehol ders, through rmany, many neetings the
hydr ogeol ogi cal excavation based on the iterative
nodel i ng and nonitoring that Tom was tal ki ng about,
and then the nonitoring that we did previous to this
actual record of decision led to a threefold approach
with two active and one passive neasure.

The first active was a punp and recharge
systemat the head of the plume. The second was a | ow
fl ow punping near the source to renove high
concentrations of groundwater. And then nonitor
natural attenuation which is the EPA's term but which
is really managing the plunme so that it stays within
that record of decision defined envel ope; no further
pl ume grow h.

So yes, the plume was in equilibrium but
at one point we had to do this, and at another point
we had to do this, to mmke sure it stayed in
equi librium

How did we find out when and how to do
that? Through nodeling and nonitoring, and |'m going
to go through details of how that was achi eved.

So the first was what we call the punp-
and-recharge system And the nodeling here provided

t he groundwat er fl ow direction of where the plunme was
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heading. This was a fl ow based renediation in which
we punped the groundwater at the head of the plune
back to the top to give nore time for dilution

di spersi on and decay.

So t he nodel provided the flowdirections,
the capture zone estinate at the |eading edge of the
plunme; the time to cl ean up, how !l ong woul d t hat plumne
continue to travel toward the punping system the
punmpi ng well |ocations, and the appropriate rate in
order to capture the plune. That was provided by the
nodel .

But to verify that we had to do
monitoring. So once the system was established, there
woul d be a well downgradi ng of the systemto | ook for
br eakt hrough, and there were pernanent wells and
tenporary wel | s used t hroughout the plunme to make sure
that it was behaving as anti ci pat ed.

It was done in 1997, and we did include
carbon treatment. As Tomsaid, there was a col ocat ed
VOC pl une.

So here is a schematic of what happened.
This is the plume, HFPR  You will notice also that
there is a bifurcation here, and it |ooks |ike the
center line of the plune is headed nore to the

sout hwest than this bifurcation which is to the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

198

sout heast .

Notice that we put our punping wells at
t he sout heast | eadi ng edge, because the nodeling, the
flow nodeling, had denonstrated that the natural
gradient would take the plune in this curved
direction.

From here the wells would recharge it up
inside to allow nore time for continuing decay.

But this as you can imagine was a | arge
i ssue for the regulators. Because here again, there
was a nodel saying one thing, but the data coll ected
up to this time was saying another. So what do you
do?

Vell, we talked with our regulators. W
had theminvol ved early, and our other stakehol ders.
And we said, well, we believe this is due to forner
punpi ng of the supply well over here on the western
side, and that time will show that this is where the
pl unme goes.

And that was at that point in tine where -
we didn't know that yet - but our nodeling indicated
it.

That's just another picture of it.

Now | ' mgoing to tal k about the operation

of this. One way that we hel ped the stakehol ders to
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buy into our concept, it's not up here, but we had
trigger levels at the |eading edge of the plune.

So for exanple these punping wells would
punp as | ong as there was a | evel of 20,000 picocuries
per liter here. So we built in a credibility if you
will, safety, into our conceptual and nunerical
nodel s, so it would help bring people on board with
our concept.

So again, there is a trigger - which is
still in place today, even though the wells aren't
punmping. |If this |evel here exceeds 20,000 picocuries
per liter, the punps will be turned back on, and t hen
the recharge systemw || continue to operate.

So again as far as the operation, the
nodel i ng provi ded t he groundwat er fl owdirection, tinme
to clean up, and punping rates, and quarterly
nmonitoring verified that.

W had three extraction wells, a total of
120 gallons per mnute, and after three years of
punpi ng it was shut down because the trigger | evel was
no | onger exceeded.

But we had to enter a standby phase, which
we're in now, for 10 years, until 2014 or 2017, in
whi ch case, as | said, we can restart those punps if

necessary.
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Just the VOC treatnment system

Now the second aspect of our plune
managemnent, this was the second active aspect, was the
low flow extraction. And I'd Iike to talk here about
t he desi gn, and how nonitoring and nonitoring hel ped
us with that.

First of all, what is it? This is the
HFDR. Here is an upper portion of the plune, | would
say the highest concentrations back in 1997.

The idea was that, well, there are sone
hi gh concentrations right here in front of the reactor
up to 5.1 mllion picocuries, which the nodel showed,
if allowed to migrate all the way down gradi ent, woul d
break t hrough t hat envel ope that we were | egal | y bound
to maintain, and in fact nmake it through to the site
boundary, which was definitely not going to be all owed
by the regul at ors.

So there was a systemdesi gned that woul d
extract a certain anount, certain volume, of the
hi ghest concentrations, which we did do. And again,
t he nodel showed us at what |evel to start punping,
whi ch was 750,000 picocuries per liter, and when to
stop punping, so that we wouldn't entrain too rmnuch
clean water. And between the 500- and the 700- the

nodel s showed us that if we let the rest of it mgrate
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into its existing envelope, it would remain in that
equi libriumthat Tomtal ked about.

And what | should add is that it was very
important to maintain as high a concentration of this
punped water as possible, because it cost us $10 a
gallon to di spose of it in tanker trucks out of state,
because the regulators in our state wouldn't all ow us
to do anything else with it.

DR. HORNBERGER: Did you take it to South
Carol i na?

MR. HAUPTMAN: No, we took it to Tennessee.

So again it was punped it there were
greater than 750,000. A total of 95,6000 gallons, and
about .2 curies out of that original six were renoved
- I'"'msorry, six was the total that |eaked, but the
one was what we had in the groundwater.

And the system has been inactive since
April, 2001, again, because we haven't triggered that
nunber.

So the nodeling says, well, if we don't
trigger that nunber, we don't have to do anything.

And because we in the interimhad been
col l ecting nore and nore nonitoring data that verified
our concept of the nodel, the regulators and other

st akehol ders began to be nore and nore convi nced and
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confortabl e with this approach, although these trigger
levels still exist. So again there is a safety built
into the record of decision that should this be
exceeded we have to restart this systenlis operation.

Just a quick report on the perfornance of
this. This was the nodel ed goal of how nmuch to be
extracted, and this was our actual. And you can see
it was about - is that about a year. And this is
pretty good. Because what we did was, we used direct
push technol ogy to put a geoprobe in the ground and
punp fromthat.

So this is nodeling conpared to actual
Agai n, hel pi ng build credibility Wi th our
stakeholders. And this is very busy. This is just a
conpari son, or showi ng us how we're working. So this
tells us that our concentrations remain relatively
hi gh; average about 500, 000 picocuries per liter, so
we coul d justify spending the noney to di spose of this
wat er .

Now the third aspect that | tal ked about
is tritium plume managenment - the whole thing is
really tritiumplunme managenent, but this woul d be the
passive part that we're in now. So the punp and
recharges is over, and the |low fl ow punping is over.

So what we're left with is tritiumplune nonitoring.
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And that relies heavily on nonitoring to
verify the nodel plune behavior. And renenber, |
spoke about that bifurcation of the plunes - earlier -
where we had one concept, and the ot her people, well,
we're not so sure. And it did turn out that we were
correct.

W used geoprobes, vertical profiles and
permanent wells in a mxture to maxim ze the
efficiency. Because if you did all of this in
permanent wells, other people have shown that the
pl unme has a tendency to nove out of the nonitoring
network, and then you' ve got to put it in all over
again. So geoprobes are really the best approach that
we' ve found for our plume. That's the |ow retardation
coefficient.

And again, it's an iterative approach.
You' ve got to do first the nodel, then the nonitoring.
The nodel - sonebody asked us this norning, the nodel
tells you one thing, are you just going to put the
wel |l there and no place el se?

Yes, where you put the well, and the data
point there, and the nodel's data do not agree, then
you have to ask yourself again, is the conceptua
nodel off? |Is ny nonitoring technique wong? Both

cone i nto account.
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So this is what ended up happening from
1997 to 2004. W' ve had significant success in the
pl ume managenent. This was the original plume in 1997
withitstw tails, and this is the plume in 2004 with
one tail.

So as | said, the nodeling was born out.
This is obviously a nonitored result. This is what we
drew fromthe nonitoring data

kay, | essons | earned fromthi s experience
is that the downgrading portion of our plune is
naturally attenuating. W still have that punping
restart of 20,000 picocuries per liter just in case it
doesn't behave the way we have anti ci pated and t he way
t he nonitoring has shown all al ong.

The wupgrading portion is attenuating.
However, as Brian alluded, there is the unsaturated
zone that sonetines provides alittle bit of increased
concentration right near the reactor.

But again as long as it doesn't go above
750, 000 picocuries per liter, then we just manage it
on site, through dispersion and decay. ;

And since 2001, that 750,000 has not been
exceeded.

That's going to continue for about 10

years until at that point the nodeling indicates that
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everything throughout our site will be |ess than
20, 000 picocuries per liter, less than drinking water
standard. And of course we will be every year, we
need to verify if this is indeed taking place, and if
not, sonething else will have to be done.

But so far it seenms to be on track to
achi eve that point.

| nmentioned this before, permanent wells
in our groundwater, and perhaps nobst unconsoli dated
has t he drawback of - or several - but one is dilution
of the contents. The other is that through plune
shifting those -- the nonitoring network nmay no | onger
be applicabl e.

So we've conme to rely nore and nore on
tenporary wells, geoprobes and vertical profiling.

DR. CLARKE: M ke and Tom thank you bot h.

MR. HAUPTMAN: Thank you for having us.

DR. CLARKE: W have one nore presentation
before the break, and that will be Steve Yabusaki, a
urani um reactor transport in a vadose zone aquifer
river system

Vel cone, Steve.

PNNL HANFORD
MR. YABUSAKI: Well, thank you for vyour

stamina. And this is a continuation of death by
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vi ewgr aphs.

(Laught er)

" m going to be tal king about sone work
that we're doing on the Hanford site.

My nanme is Steve Yabusaki. | am part of
a larger project called the Renediation and C osure
Sci ences Project at the Hanford site, informally known
as the Hanford science and technol ogy program

"1l be tal ki ng about an ongoi ng proj ect
that we had where we're building, or rebuilding,
possi bly, and testing the conceptual process nodels
for low transport and reactions in this particul ar
system where we have a hydrol ogic systemthat has a
coupl i ng between the vadose zone aquifer and the
river.

Sonme take away nessages that mght be
useful to this workshop are this concept that this
monitoring and nodeling needs to have sone
consideration and consistency with the scales of
controlling processes that are out there.

These are both tenporal scales as you'l
see in this presentation as well as spatial scal es.

The other is that nodeling provides the
systematic franework that is actually the organi zing

principle that can assist in the characterization of

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

207

processes and properties, work hand in hand with
sanpling and nonitoring schene design, and in the
interpretation of nonitoring data.

So it provides sone hopefully a
nmechani stic and quantitative vehicle that you can test
sone of these ideas on

M ke Fayer gave a pretty good description
of the Hanford site. This is once again the Hanford
site. W have the Colunbia R ver here.

The 300 area is this tiny little thing on
t he sout heast corner of the site here. 1'mgoing to
call your attention to Priest Rapids Dam which is
actually outside the site, but at the northwest end
here, and that's because this is a run of the river,
hydroel ectric dam and it's releasing water into the
Col unmbi a River in response to power denmands. And that
is going to have, as we wll see later in the
presentation, that has a significant inpact on the
river stage and the driving force for a lot of the
flowfieldin the groundwater systemof the 300 area.

So once again we're in the south central
Washi ngton here. This is a blowp of the 300 area.
| assure you it |ooks much better on the screen of
this conputer here. And let's see if we can zoomin

on that a little nore.
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Just for scale, this bottom distance is
about one kilonmeter, so it's about one and a half
kil ometers this way.

As you can see, this is a site with lots
of buildings. This is actually the historic disposal
ponds. This is the original pond called the south
pond here. There's a north pond that was created a
few years | ater.

These were then term nated, and the nost
recent active disposal facility here is what we call
the 316-5 trenches over here.

Al'l these dots here are nonitoring wells
on the site, and there is a routine surveillance
programthat is actually providinginformtion that we
use in some of the nodeling and characterization
activities.

This is a picture of the site in 1962. So
you can see that the ponds were both active at this
point in time. You can see sone sanitary |each
trenches.

Those trenches, the 316-5 trenches that
were not built yet, that were built in 1975, and al
this woul d not recognize at this point in tine, these
sites have been excavated and backfilled, so a | ot of

this is conpletely different |andscape than it was
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back in 1962.

The operational history of these ponds and
the trenches, this hole in what we call the 300 area,
those buildings that you saw on the nap, was the
principal fabrication area for the nuclear fuel
el enents for the Hanford reactors, and the production
of these fuel elenments resulted in uraniumliquid
waste streans that were di scharged to these unlined
waste ponds, the south process pond, from 1943 to
1975, and the north process pond, from 48 to " 75.

There are also sone other trenches that
were being used for a short tine period. This is
sonetimes cal |l ed the 307 trench, from21953 until 1963,
and that the 316-5 trench, which | showed you earlier,
whi ch was the nost recent disposal surface facility
t hat we had there.

It's 10 meters to the water table. W
have a fairly poorly docunented waste disposal
hi story. But sone of the estimates, just for the
ponds al one, were that we had 70,000 kil ogranms of
urani umdi scharged there; very high di scharge vol unes
associated with that. And with this fairly shall ow
di stance to the water table, it's not surprising that
we ended up with sone very |arge urani um plunes over

the entire aquifer of this site.
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So this contour here, at |east at that
ti me, was above the 20 m crogramper liter standard at
that time. It's now 30 mcrograns per liter.

You can see that the dom nant feature from
this is a hot spot right at the south end of the 316-5
trenches.

In response to this situation, that they
had with the contani nation of the groundwater, there
was an expedited response action that was invoked in
1991. Contaminated soils fromthese process trenches
wer e renoved, and there was an end of the di scharge of
uraniumto these process trenches.

Based on sone of these assunptions, and
t he devel opnent of a groundwater flow and transport
anal ysis nodeling, it was predicted to be cleaned up
to less than 20 micrograns per liter in three to 10
years.

This is the 1994 footprint of the site,
and as far as the uraniumplume. And it doesn't show
up very well, but that is the 30 m crogram per liter
concentration level. And this is that same contour
| evel in 2005.

So in the 11 years intervening between
1994 and 2005 we did not see this |level of cleanup in

the aquifer itself by natural flushing. And so that
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brought up the question, the dilemma that we're in
right now, whichis, what is going oninthe site, and
how did it differ fromthe 1993 conceptualization of
the process of what is going on in that site?

As far as that nodeling study, it was a
t hr ee- di nensi onal saturated unconfined aquifer. The
vadose zone was not nodel ed. They were instructed not
to nodel that system because they were told that any
contam nation would be taken care of by the
excavati on.

They wused nonthly tine steps in the
nodeling of the river stage fluctuations, and the
urani um nmobility was controlled by a best estinate
constant Eekl of one to two milliliters per gram

There was no interaction between the
aquifer and the river, and there was no interaction
bet ween the aquifer and the vadose zone. So that's
how they ended up with the three to 10 year estimate
for the cl eanup

One indication that the vadose zone is a
potential factor in the longevity and persistence of
the uraniumflow, on the top here is the water |evels
inthe well closest to that 316-5 trench. It's well
399-1-17A. And these are the uraniumlevels.

And you can see that after this expedited
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response action, you can see every hi gh peak of water
level in that well - well, hopefully you can see it -
is associated with a high peak in the uranium
concentration at that site.

So you can i nagi ne t hat water | evel noving
up, possibly into contam nated sedinments, and an
i ncrease i n urani umconcentrations i nthe groundwat er.

So based on t hat i nformati on, we devel oped
this vadose zone aquifer river system nodeling.
There's both 2 and 3-D nodeling going on at the site.
Sonme of it is actually being done on an NRC project
al so.

W wanted to take a | ook at sone of the
behavi ors caused by this river stage fluctuation, and
So we're using - I'mgoing to be showi ng you nodel i ng
results from this 2-D cross section here in this
syst em

You can see that this is based on our best
- or nost current hydrogeology. |It's constantly being
updat ed based on new i nformation that we get.

In this case the nodeling is nowgoing to
be driven by hourly river stage fluctuations. One of
the inmpacts of incorporating or including the vadose
zone is that we now have river bank storage, and we

need a seepage base, or a dynanm c seepage base
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boundary condition in order to have that behavior
right at the river interface.

And one of the nost i nportant things we're
looking at is this sort of |eaching or release of
uranium from the |ower vadose zone-contam nated
sedi nents due to these water table fluctuations.

This is the cross section that we're
nodel i ng, the nost notable unit is this Hanford gravel
unit that's on the vadose zone, as well as the top of
t he unconfined aquifer. This is about 10 times nore
perneabl e than the unit beneath is.

And you can see sonme of the effect of
that. This is a - these are velocity vectors fromthe
nodeling that show that the water table is right
around here, that this is the donmnant flow path to
the river through this Hanford fornation.

As | nmentioned, this power peaking rel ease
of water fromthe Prince Rapids Dam and what you can
see here is, these are the water level - the river
stage elevations in the Colunbia River at the 300
area, and this is during a period from 1992 to 93,
and you can see that everyday here there is a
significant variation. The average fluctuation range
intheriver is half a neter. As Mke said, that can

easily go up to one and 1-1/2 neters. It's very
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common to have it over a neter in a single day.

So t he consequence of this | arge degree of
fluctuation on a diurnal basis is that what you have
here is 24 hours - every two hours we're show ng the
simulated flow direction, so if you see a blue, that
nmeans the flow is going to the river; if you see
oranges and yellow, that neans it's going inland.

W begin with flow going to the river
here. It's approximately one to five neters of flux
rates. And you can see that by 2:00 a.m we actually
have a reversal. W have an increase in the nagnitude
of that velocity comng in there.

And then later on in the day, at about
2:00 o'clock in the afternoon, we begin to have
anot her reversal going into this system

And so what we have going on is a sort of
what we call a washing machine effect. W have this
conti nuous i nterchange on a di urnal basis, between the
aqui fer and the river.

This is hopefully an animtion of the
tracer transport. And so this includes, this is the
wat er table fluctuation, and one thing | wanted to
tell you about, you are going to see a seasonal
variation. The water table, the river stage goes up

t hrough June, as the high peak for the snow nelt
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di scharge. And you can see that it actually noves
backward into the inland before it starts noving
towards the river as the seasonal water |evel drops.

So you can see both the inpact of the
diurnal variations in the fluctuations in the water
table there, as well as this sort of seasonal effect
that is noving this water up this way.

You can see that the Hanford fornmati on of
course is domnating the flow path here. These are
actually massless advective particle indicators
showi ng the direction of flowin there. You can see

that it's pretty nuch noving directly toward the river

there. And things are noving nuch, nmuch slower in the

Ringold formation that sits beneath it.

Another point on top is that we end up
with a fairly large zone in the unsaturated zone, the
| ower saturated zone here, where the tracer is sort of
mai ntai ned and it doesn't nove as far as what's going
on in the vadose zone.

So this gives sone indications of sone of
t he behaviors that we see out there, where you can
have this major groundwater flow, but as soon as the
wat er table goes up, you are also mxing it into the
vadose zone, and that beconmes a | onger termreservoir

for the tracer in that case.
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W actually did check the nodel agai nst
sonme | ocations. These wells don't lie exactly on the
cross section that | showed you, but they are close
enough that we projected themon to it.

And you can see that there's actually two
lines here. The green one is the simnulator, which
we're using as STOW. And the blue is the actua
hourly nonitoring data that we had for this particul ar
time interval

And these red Xs are actually dates that
the well was actually sanpled and tape for the water
| evel readings there.

You can see it doing amazingly well. W
did not do any calibration to achieve this matching
here. That's just what we ended up with.

And we can see that also for this well 4-

One interesting thing is that another
well, 4-9, we are perfectly in phase with it, but our
anplitude is off. So this is the one case where we
can actually use the nodeling to point to things that
we need to investigate about the hydraulics around
that particular well.

This slide is to address this i ssue about

the need to - people wonder why you are nodeling a
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groundwat er system with hourly boundary conditions.
Vell, there is an inportant reason in this particular
case, is that there is a mxing zone that sets up

This is actually a river trace if you
will, where we're allowing - we're keeping track of
how far the river water noves into the aquifer itself,
and the size of that m xing zone it sets up.

And so you can see that if you start
averagi ng this thing over daily boundary conditions or
a nonthly boundary condition, you could easily |ose
this mxing zone that sets up there.

So this hourly boundary condition is
significant in that it preserves that m xing zone.

You can see that there is actually a
seasonal variation in this mxing zone, predicted by
the nodel. And you can see that June, which is
typically our flood stage nonth, of highest water
levels in the Colunbia R ver, we actually have the
deepest penetration and the |argest mxing zone of
river water into that system

Septenber is historically one of the
| onest nmonths, and you can see that there is a much
smal l er m xi ng zone associated with that.

So the significance of this mxing zoneis

that the - we get a fairly significant influx of
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water. This is during the 2002 high river stage
event. |'musing the nitrate-|ow boundary here,
contour, to indicate how far that river water is
actually nmoving into the aquifer, the system

So you can see that it's quite
significant.

The other issue is that the river water
differs very significantly inits water chem stry from
the aquifer water. Most notably, the alkalinity is
about a factor of three. You can see the alkalinity
in the Colunbia River is roughly about 40 mlligrams
per liter, and it's all the way up to 120 in the
groundwat er that's deeper into the system

Sonme of the other points are the sane.
Simlarly with calcium it's about a three-to-one
rati o al so.

So as | said this is also part of a much
| arger project where there are al so sone experi nent al
studi es going on that are | ooki ng at sanples fromthe
300 area sedinents, and are doing batch and col um
studi es on them

And one of the observations here is that
this is actually the KG of the system and it varies
by about a factor of three over that sane range of

al kalinity that | was tal king about earlier.
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So you can see a very significant change
in the sorption behavior of the urani umbetween the N
nmenbers of the river and the aquifer system

The other point was that a col unm study
was done where we actual ly stopped flowin the system

And every tinme we stopped the flow of the
colum, we had a spi ke in the concentrations, and that
i ndi cates that we have a rate-limted behavior that's
going on with the flow rates.

So if we have to sumari ze the key issue
here is that we're actually |eaching contam nated
urani umsettl enents, urani umout of those settl enents,
by t hese water table fluctuations, and we're trying to
under st and how t hi s geochem cal behavi or based on t he
urani umcal ciumpHand al kal i nity dependenci es affects
t he behavior of the sorption of the uraniumin that
syst embet ween t hi s exchange of river and groundwat er.

So based on these experinments, two
di fferent geochem cal process nodels were devel oped
for the uranium geochemstry. And the first was
prelimnary three reaction generalized conposite
surface conpl exati on nodel, devel oped by Ji mDavi s, at
USGS.

And as we said earlier it accounts for

bi car bonat e, uranium cal ci um dependenci es.

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

220

There is actually a list - you have it; |
didn't include it in this presentation -- of 21
urani um aqueous conpl exation reactions. And that's
j ust the aqueous conpl exation reactions. W actually
have nore.

And these are the surface conplexation
reactions, and they are based on this one strong site
and two weak site reaction.

The other approach to capture the nmss
transfer kinetics, which can occur due to reactions as
well as weight-limted diffusion, is taking this
distributed rate paraneters based on the Ganm
statistical distribution.

So instead of using nultiple sites to do
this, or two sites that typically are, we are actually
fitting a statistical distribution of these sites, and
with different rates associated with each one of
t hose.

And that distribution of rates i s based on
this two-paranmeter Ganma di stribution

So you can see, if you | ook very cl osely,
there's a solid line that is associated with each one
of these two experinents, and you can see that this
approach is actually matching quite well with the

behaviors that we see out there, that we saw in the
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experi ments.

One of the key consi derati ons when we have
this laboratory data, and we want to use it in the
field, is that the whol e sedi nent size distributionis
quite different fromthat in the | aboratory. So the
| aboratory is typically less than two mllineter size
fraction. Al the experinments are perforned on that.

As it turns out, in this particular case,
only eight percent of the total sedinent in the 300
area sedinments of the sanple that we do have is |ess
than two mllinmeter size. And you can see that 74.5
percent is actually greater than 12.5 mllineters. So
this is a very coarse sedinent, and it's largely
greater than sand size distribution.

So wi t hout any additional information, we
assigned essentially inner properties to these greater
than two mllineter size, and essentially a portion
that's eight percent of the bulk density for surface
conpl exation reactions in this particular system

Once again, this particular approach has
| ed to ongoi ng experinents in the | aboratory, where we
are investigating the upscaling of that behavior.

So once we have done this upscaling, one
of the inmediate interests in addressing the issue at

this particular site was the availability of uranium

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

222

in the vadose zone that coul d be possibly | eached and
transported to the water table, and how |ong that
woul d t ake.

W actually have a |ysineter out in the
300 area, and we got this sort of annual average of 60
mllinmeters per year in that system And for our
sedi nents over there, that resulted in about a .75
net er per year pore velocity.

So this particul ar exanpl e, we have a five
neter system we just enplaced, initially a one neter
zone of 30 nanoMbhl s per gramof contam nated urani um
urani um cont am nated sedinents, and watched it go,
using both this generalized conposite surface
conpl exation nmodel from Davis, and this nmultisite
ki netic nodel from Junction View.

And interestingly enough, they are very,
very simlar results, and when we actually | ooked at
the reason for this, the actual sorption is about the
same in the system 12.4 versus 14, and the |ong
travel times, this sorption front requires over 30
years to nove one neter, that pretty nmuch mnimzes
this inpact of the kinetic set up and identified in
t he | aboratory.

An i nportant consideration fromthis - we

have this multiconponent reaction that worked to
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descri be the uranium is that we can begin to see what
the inmpact of this river water chem stry versus this
aqui fer water chem stry is on the uranium sorption.

And in this case we took these
representative values fromthe system And you can
seethat withtheinitial river water chem stry, we're
predi cti ng an agueous urani um concentration of about
sixtotento the mnus eighth, nolar, in that system
which results in sonmething greater than a 500 liter
per kil ogram KV.

After the influx of groundwater into this
system this concentration is alnost 50 tines higher
t han t he aqueous. So this is just showi ng the inpact
bet ween N nenbers of that aquifer water and the river
wat er on the uranium sorption.

And this is sort of incorporating the
uranium transport into the nodel. The scale nowis
totally different. You can see this is actually years
we' re | ooki ng at versus the days and hours that we are
| ooking at for the transport sinulation.

So I'' mgoing to do about 10 years of this.
And once again you can see how the initial
di stribution of wuraniuminside the vadose zone wl|
tend to persist up there, whereas within the Hanford

formati on you see this transport noving beneath it.
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So the issue that we see is that this 1993
conceptual nodel was a very sinplified view, and the
actual situation out there is nuch nore conpl ex, and
there are a lot of things that are probably
responsi bl e for the persistence of that urani umplune
there, and sone of these are this | ower vadose zone
ur ani umbei ng accessed by the high water |l evels in the
aqui fer, driven by high river stage.

W have this diurnal cycling of high pore
velocities in the system The pore velocities in the
300 area are about the fastest on the entire site.

And then we have this mxing zone of
aquifer and river water chem stries that have great
inplications for uranium nmobility, and that is very
sensitive. The size of this mxing zone is very
sensitive to the tenporal resolution of the nodels,
and it's dictated by this river porcing and the
hydraul i ¢ connectivity in the system

Once again this is a work in progress, so
we're getting newinformation fromrecent canpai gn of
sedi nent cores that have been taken on the site, and
we are enpl oyi ng geophysi cal |ogging, and we started
that this year. And | think | have enough tinme to
cover that, so | wll.

W have ongoi ng | aborat ory studi es. Those
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initial results that | showed you before, based on
sanples fromthe north and south process ponds, this
limted field investigation is giving us four nore

| ocations with sonetines continuous core to work with
to devel op a nore robust representative nodel of the
geochem stry.

And basically we have the |aboratory
studi es, and we have these field skill studies, and
we're trying to couch this in the context of
understanding the field scal e uraniumtransport.

Thi s geophysi cal characteri zation
essentially is being perforned by - it's being | ed by
Andy Ward out of PNNL. And Roel ot Versteeg is working
with us. He's a geophysicist. And we started off
with trying to check out the - how successful we m ght
be. And we had single lines of ERTs and SP |ines
depl oyed back in March. And |I'm going to be show ng
you sone results fromthis nunber three - nunber two
and nunber three, and this nunber seven ERT |ines.

Just recently last nonth we deployed a
full grid of SP and ERT, and pol ari zati on el ectrodes
out there.

I'"'m not going to show you all the
different Iines, but they are sonewhat sinmilar inthat

they showa fairly high degree of heterogeneity in the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

226

shal | ow zone. Basically the water table is about 10
nmeters down in this particular system So take a ride
around this |evel.

Anyway, so we see a high degree. This is
the north-south line that | showed you earlier. This
is the east-west, and you can see that there are these
zones of higher resistivity that are show ng up here,
and t hese are potentially channels. But we don't know
for sure, because this is just a 1-D line, and we're
getting a 2-dinmensional slice of this, and what we
really need is a 3-dinmensional nature of the system

One of the nore intriguing things that we
found out from this, we were eating dinner on the
ni ght after they depl oyed the ERT system and we were
asking Versteeg if we could actually see this river
water, the difference in the resistivity caused by
river water infiltrating - the influx of river water
into the aquifer. And he said, oh, why don't we just
| eave themon over the weekend, and we'll go see what
happened | at er.

And what you see here is this zone that's
set up here at different tines, when we have
infiltration of the river water into the system So
it"'sindicating that there's a preferential flow path

in this particular |location here.
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So that give us a lot of confidence that
we coul d get sonething very useful out of this.

So this is the deploynent that we have
just put out there. W have 120 cell potenti al
el ectrodes, at 30 neters spacing. This is 30 neters
bet ween each of these. And on each one of these lines
we depl oyed 60 ERT el ectrodes at five-neter spacing
between this. And so then we keep noving this |ine,
so we're getting both very high resol ution ERT as wel |
as these SP lines.

And t he whol e idea with the cell potenti al
is that we want to map this whole area for the - get
a detailed description of the flow field in the 300
area for this particular site.

There is some specul ati on about a gravel
channel that exists in this area, and about flows that
are going on and transport along the system So this
is covering, this is essentially the south process
pond here, this is the north process pond, and this
zone inthe mddleis - for alot of these cases, even
t hough you saw a lot of nonitoring wells on that
original picture | showed, wthin these ponds
t hensel ves, there are actually no nonitoring wells
what soever. So these are pretty nuch unknown

territory.
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So the quick sunmary here is that we
actual ly have pretty good confidence of the synthetic
data, much of the sinulated data conparison that we
di d | ooks very good. There is some commonalities in
the heterogeneous materials distribution near the
ground surface.

And we have this tinme | apse behavi or that
is giving us better information on what's actually
happeni ng at the aquifer-river interface.

This prelimnary 2-Dgrid of the SP-ERT/IP
el ectrodes is going to give us a 3-D inmaging of the
l'ithol ogy, and hopefully, sedi nment properties such as
grain size information, surface area, density,
porosity.

And the SP is hopefully going to give us
this spatially and tenporally variabl e fl ow behavi or.

One of the nost inportant things we need
to do is, right now we just have this geophysical
information, we need to put that and integrate that
with the bore hole | ogs, and our known water depth
variation to nake a better interpretation of the
lithol ogy.

W are using the hourly water level to
help with that identification of the flow field from

t he SP survey.
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The P is going to be used primarily for
material property distribution, and this whole
exercise is predicated on developing a list or
| ocations of pernmanent electrode locations for this
particul ar grid.

And of course we'd like to take this new
geophysical information and integrate that into the
fl ow and transport nodels.

And with that, |'m done.

DR. CLARKE: Thank you, Steve.

It's alnost tine for a break, so let's
take it and resune at 3: 30.

(Whereupon at 3:11 p.m the proceeding in
t he above-entitled matter went off the to return on
the record at 3:32 p.m)

MEMBER CLARKE: Ckay. Let's resune,
pl ease. W did have a nmenber of the public that
wanted to ask a question. Diane, are you here?

M5. DeRICCO Yes, | am

MEMBER CLARKE: Can you cone to the
m crophone now? Thank you.

MS. DeRI CCO H, Diane DeRicco with

Nucl ear | nformati on and Resource Servi ce. | wanted to
know what the -- this norning there was a |lot of talk
about - |'m not sure what the exact termwas - but
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| evel s  of nmeasur enent in plumes that wer e
i nsignificant or not significant enough for the anount
of effort that was going into tracking them And |
wondered if you use 10 CFR 20, or what is the
determ ner of what's significant? And then | also
wanted to know if there were exanples? W' re getting
alittle bit of that this afternoon, of plunes that
the NRC has required |licensees to exhune because they
were significant, or if it's DOE, then whether through
self-regulation it decided to actually exhunme, what
the conditions are for that?

MEMBER CLARKE: Anyone fromthe NRC want
to take that? Ji m Shepherd.

CHAI RVAN RYAN: How about he'll be here
t onorrow and we can ask him

M5. DeRICCO Ckay. | have anot her person
fromny office comng tonorrow, so |"mnot sure -- if
you could | et her know that, that would be good.

CHAI RVAN RYAN:  Ckay.

M5. DeRICCO Well, no. Tonorrowis
Wednesday, |'mnot sure. But Janes is the one that |
shoul d ask?

CHAI RVAN RYAN: | believe that's right,
yes.

M5. DeRICCO (Okay. But no one else can
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address the significance question?

CHAI RVAN RYAN: Probably he's the best to
give that answer, and we'll let himknow.

M5. DeRI CCO  Ckay.

MR. LOONEY: Do you want nme to nmake some
brief statenment about DOE?

CHAI RMVAN RYAN: | f you want.

MR. LOONEY: | don't specifically speak

for DOE, but | can talk about the framework within

whi ch DOE does that. Since DOE sites, typically the

plunes are reqgulated by either RCRA or CERCLA. It's
done in the traditional ARAR, appropriate regulatory
standards. Oten that defaults to drinking water
standards, and | think that's what you saw at
Br ookhaven, was the starting point was drinking water
standards that required action, or drinking water
standards at sone defined l|ocation. There's all
different variations on that, but that's kind of a
central way it's done.

MEMBER CLARKE: Ckay. Thanks, Bri an.

CHAI RVAN RYAN:  Yes.

PARTI Cl PANT: Should | try and give an
answer to --

CHAI RVAN RYAN: No, we'll let Jimdo it.

PARTI Cl PANT: The annual report.
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CHAI RMAN RYAN: | understand, but let's

let Jimdo it. GCkay. Well, let's get started --
MEMBER CLARKE: Let's press on, and we can
catch it at the next break.

CHAI RMVAN RYAN: If you don't m nd, D ane

M5. DeRI CCO  Ckay.

CHAI RVAN RYAN: Jim we had a question and
el ected you as the best representative to answer it.

MR, SHEPHERD: |' m honor ed.

M5. DeRICCO | wanted to know what --

there was discussion this norning about a |ot of

effort and resources being used for levels of
contami nation that weren't that worthy of that effort,
and | wondered what are consi dered significant |evels
when you're getting into ground water, and
decommi ssioning, and cleanup. 1Is it the 10 CFR 20
| evel s, and then for DCE said it was the EPA drinking
water levels. And then, if there are any exanpl es of
situations where NRC has required |icensees to exhune
plunmes, and what the levels were that were the
det er m ner.

MR. SHEPHERD: This is Jim Shepherd. To
address the second part of your question first,

several sites, such as Connecticut Yankee, that are
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currently decomm ssioning and have ground water
contami nation, are going through considerable effort
to remedi ate the ground water.

Significant is a word that, as wth
beauty, lies in the eye of the beholder. Certainly,
if there's anything that approaches a Part 20 Appendi x
Blimt, that would be considered significant. For
decomni ssi oni ng  pur poses, when we do a dose
calculation, anything from any pathway that is
appropriate for the site wuld be considered
significant. D d that answer your question?

M5. DeRICCO.  Yes, I'Il call you for nore
exanples. W don't have to take the tinme here.

CHAI RVAN RYAN:  Thanks, Jim

MEMBER CLARKE: Thank you.

CHAI RMAN RYAN. Dr. Carke, back to you.

MEMBER CLARKE: Thank you. Qur next

presenter, and the |ast case study we have today is

Vernon Ichinura, who will tell us about Barnwell.

MR | CH MJRA: CGood afternoon. |'m Vernon
Ichimura. | work for a conpany called Chem Nucl ear
Systens, part of Energy Solutions. |I'mgoing to talk

alittle bit about today, again I'd like to thank the
ACNWfor this opportunity to give you a little bit of

background about the Barnwell site, and I'd like to
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thank M ke, Dr. Ryan, for his input and interest in
t he subj ect.

What I'd like to do today, like |I said

before, 1'mgoing to give you kind of a history of how
nodel ing was used at this Barnwell site. [It's not
going to be all-enconmpassing. It will be kind of in

general, and what 1'd like to do is take a coupl e of
exanpl es of nodel s that were appliedto this facility.
And, in particular, | think you, as the audience,
woul d li ke to pay attention to sone of the assunptions
t hat were changed as t he nodel s were devel oped for the
Barnwel | site.

kay. The facility itself, the way the
conpany tries to operate the facility - first of all,
we operate with safety first, foll owed by conpliance,
so the talk today that |I'm going to expand on in
nodeling is really a focus on conpliance nodeling.
It's a little different from the standpoint of the
kind of nodeling that a | ot of people are interested
in, in nodeling the exact features of the system as
you mght want to call it. But rather than, in our
case, our focus is conpliance denonstration.

VWhat I'd like to tell you a little bit
about is one of the things that you should focus on,

is look at the assunptions, as the assunptions have
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changed, and judgnents and neasurenents, and how
assunpti ons becane neasurenents, as | work through the
evol ution of the nodeling.

Again, in the process of the nodel, like
| said, the analysis that |I'm showi ng you here today
are not all-enconpassing. There are many ot her
attenpts at analysis for various reasons to
denonstrate conpliance, but these are sone exanpl es.

What |'dliketodois start with the pre-
licensing nodel, 1971 . It's kind of interesting to
| ook at what was thought was to be inportant at that
time, and then step 10 years back in 1982 and | ook at
t he USGS and the NRC characterization. | thought 1'd
better put the NRC in here, because of sone of the
assunptions they nay have made at that time, and it's
real inportant to not let themoff the hook, in other
wor ds.

And then finally, 1'd like to | ook at the
Barnwel| site, the <current, what we call the
envi ronnment al radi ol ogical performance verification
nodel. It's a nodel designed to take environnenta
data and verify that we can neet conpliance wth
i nformati on we have.

What | did here on this slide is | added

aline, whichis really not part of the nodel, but to
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give you kind of a tine frane of what it takes to do
this kind of work. The nodel devel opnent started
somewhere around 1996. This is just a nunerical
nodeling, and the sinulation of the data. And
finally, the culmnation of peer review, and the
publication of the report. It finished in 2003.

kay. Pre-licensing nodel, like | said,
the initial characterization began around 1967, and
t he process by which the pre-licensing study began is
you try to use existing information. |In other words,
there were two facilities in the general vicinity of
the Barnwell site that had a ot of information, in
particul ar, the Savannah River site, and t he Bar nwel |
Nucl ear Fuel Plant Safety Anal ysis Report.

In the process of actually doing pre-
i censing evaluation, you always solicit opinions of
experts because you have very little information.
What you need to do is you have to start wth
somet hing, so when you |look at the literature on the
pre-licensing effort at this particular site, there
was a | ot of opinions generated, a |l ot of nenos, a | ot
of letters, and a |ot of reports. There was sone
limted characterization by actual coll ection of data;
in other words, there were sone geol ogi cal studies,

bore holes, and ny guess would be there m ght have
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been a dozen bore holes, initially. There was sone
information about collection of the water |evels
beneath the facility, or the proposed facility, very
early water chemistry, water quality and water
chemi stry information. And early on, they already

t hought of the idea of ion exchange properties. And
this pre-licensing evaluation ultinmately resulted in
devel opnment of what's called conceptual mgration
nodel. I n other words, what the fol ks were thinking
during the pre-licensing process, they already
believed that this particular facility, because it's
goi ng to accept certain radi onuclides in certain kinds
of packages that weren't really highly engineered,
m grati on was expected.

Critical here - this is the start of a
slide that | put forth totalk alittle bit about how
the safety analysis was done, and the assuned
inventory. Again, |I'msaying it's assunmed inventory,
and what the assuned inventory was based on, it was
based on |ow specific activity waste at that tine.
The expectation was this particular facility would
have approxi mately 200, 000 cubic feet disposed of in
over a 25 year period. And the classification of
radi onuclides, which is fairly interesting, gross

beta-ganma, this was given a one-year half-life.
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Strontium 90, cobalt-60, and plutonium239. And the

source termitself was cal culated from what they
considered to be rel ease fraction, but basically what
it is, is some partitioning between the inventory and
the amount that would be in the solution is kind of
like a release fraction in the term nology that
somet i mes peopl e use t oday, sone partitioning factors.
And that the anount of radionuclides diluted by the
infiltration process around the facility itself |
didn't put on the slide, but there's an absorption
process that was assumned.

Critical totheslide hereisinfiltration
of 6 inches was assumed, so you notice as of
di scussi on, we had not even tal ked about nunerica
nodel. And being at the tine franme of 1971, nuneri cal
nodel s were kind of in their infancy. |In fact, they
really didn't exist in the literature at the tine.

Also, continuing in the pre-licensing
anal ysi s, travel distance is sonmething pretty obvi ous.
You can neasure that, and so based on what you t hought
the travel direction was fromthe proposed facility to
an exit point or to a point where a receptor m ght
reside, the travel distance was assunmed to be 3,000
feet. The shortest travel time, ground water travel

time, thisis taken fromsone prelim nary know edge of
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hydraul i ¢ conductivity data, was assunmed to be 75
years. Again, notice there's no nunerical nodel

The assuned radi onuclide travel tine was
assumed, again, to be a factor of 10 greater than 75,
so 750 years. This accounts for the absorption
phenonenon t hat we see today. |f you go down the |i st
agai n, you get an assuned streamflowrate of 10 cubic
feet per second. Wat this inplies here, that the
people who did this evaluation |ooked around, and
| ooked at the streams in the area, and found that
characteristically, if you go downstream a certain
di stance, you will receive small streans that wl|l
have flowrates of 10 cubic feet per second. Were it
was, nobody knew. This is what is in this picture for
anal ysis, they assunmed nmixing in the stream and
showed finally, with decay. And this is all done
usi ng what we woul d do t oday, using a hand cal cul at or.
Al'l the radi onuclide concentrations should be 1,000 to
10,000 times Ilower than the nmaxi num producible
concentration, using the term nology of that day.
So early on, this is what the Barnwel | site burial
nodel vintage 1971 | ooked Iike.

" mgoing to step ahead, and |"mgoing to
tell you that this conceptual nodel is not nmuch

different than the one we have today, so the folks
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that really did this analysis and went through the
t hought process of devel opi ng t he concept ual nodel for
the Barnwel |l site were pretty nuch right.

One of the things that you m ght noticeis
there's a very large vertical conponent beneath the
buried waste, or the proposed buried waste, and
there's a very large horizontal conponent as you get
away fromit. And there are two types of materials
that they tal k about here, the m ocene sedi nent, and
the termnology that | will use as we progress for
m ocene becones zone one, and the eocene becones zone
two. Basically, what they are is, mocene sedinents
are a |little bit Ilower hydraulic conductivity
sedi ments. The eocene sedinents are higher hydraulic
conductivity sedinments. And the Lower Three Run
Creek, eventually becones Mary's Branch Creek. The
Lower Three Run is really a streamthat's fed by the
Mary's Branch Creek, and I'Il talk a little bit nore
about this, but the concept of the nodel early-on is
pretty nmuch right.

kay. The USGS arrived on site
approximately in the 1975 tine franme, and in 1982 t hey
published a report, an open file report. In that
report, they list a whole bunch of observations and

nmeasur enents, and basically what they reported on is
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t he characterization effort that took pl ace over about
approximately a seven-year tine period.

One of the inportant things that they did
during this study is they dived into nore of the
detailed characterization, |ike the stratigraphic
interpretation. What were the sedinents related to,
to other formations around the facility, that is the
Savannah River site, and the Barnwell Nuclear Fuel
Pl ant next door. They put in geophysical |ogs, and |
heard peopl e tal k about geophysical |ogs. The idea
here is to get relative porosity data, |ithol ogy data,
in general.

Critical to their neasurenments was they
obt ai ned hydraulic properties of sedinments. This is
done on a very big scale. They had a full scale punp
test beneath the facility. They collected a | ot of
information on hydraulic conductivity. They made
attenpts to neasure porosity, porosity, and effective
porosity are typically very, very hard paraneters to
neasure, as you all know. And they started collecting
wat er el evation data on a bigger scale, that is, on a
regi onal scale, ground water basin-w de scale. They
al so collected streamflowrates around the facility.
Al streams they found under the facility that the

USGS could get access to, stream flow neasurenents
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were coll ected. They collected water chem stry dat a,
and finally, measurenments of radioactivity in core.

kay. At the end of the characterization
period, they developed what's <called a three-
di mensi onal regional ground water nodel, and it was
this nodel that was actually calibrated to ground
water |levels. Average ground water |evels at the
time, and what they perceived as the average,
calibrated through neasured hydraulic properties and
ot her hydraulic conductivities, and neasured stream
flow rates. This is the first early ground water
nodel of the site done on a regional scale.

There are sone differences as a result of
doing this nodel. The recharge rate went from6
inches to 15 inches per year. To calibrate that
ground water nodel to match the streamflow, to natch
t he hydraul i c conductivity data, the recharge rate had
to be 15 inches per year. Recharged anot her nunber,
at least in field of hydraulic is very, very hard to
nmeasure on a regional scale, or on a site-w de scal e.

Also in the nodel, they were able to show
t hat, again, zone one, which is the m ocene sedi nents,
and zone two, which the eocene sedinents that | tal ked
about earlier, were the main contributors to ground

water in local streans. So, in other words, we didn't
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- fromour perspective if we could | ook at it today -
we didn't need to nodel any deeper than these
formations for the Barnwel|l site |ocation.

They al so show as a result of doing this
ground wat er anal ysi s, that ground water novenent for
the first tinme nunerically is towards Mary's Creek, so
when you use the nodel, and the nodel allows you to
take characterization information, put it all into a
tool which enables you to match all the information
you have, you only end up with ground water noving
towards that creek, which is pretty obvious.

Here, the estimated ground water trave
time, based on the information they had at the tineg,
was believed to be 50 years, so it went from75 to 50
years in this analysis.

Al nost concurrent with the USGS study, was
t he NRC publ i cation on the environnental assessnent at
the Barnwel| site. The information that was published
in the USGS study was used in this environnenta
assessnment, so the critical assunption here is now
t hat they know, nost of the recharge, which enters the
site, basically flows through zone one, and then
enters zone two. This is now proven nunerically with
all the information we had.

The NRC t hen focused on a t wo-di nensi onal
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finite difference flow nodel, and I1'll talk alittle
bit nore about this, but the two-dinmensional nodel was
adequat e because the flowin the zone two unit, as you
saw before, is primarily horizontal, so you can al nost
elimnate the vertical fl owconponent, and worry about
the transport off-site in a two-di nensional fashion.

They made a nunber of assunptions. They
created sonme artificial basins to create no fl ow
boundari es around the facilities. [It's an assunption.
It's not an unrealistic assunption at that tine, in
that all ground water enters the creek. They
calibrated that fl ownodel by matchi ng heads, nmeasured
heads with hydraulic properties, again.

The transport was handled a little bit
differently, again, two-dinmensional, two-dinensional
finite difference transport nodel with retardati on and
decay. Again, we're |ooking at an assuned source term
of one-tenth of a percent partitioning coefficient, or
total activity as of January 1981, at this operating
site, would be released of 100 years. And the
radi onucl i des that they took into consideration here
is cesium 134, cesium 137, cobalt-60, and iron-55,
strontium90. This is the first time that tritium
shows up in any of the perfornance assessnents. |If

you noticed earlier, the study did not consider
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tritiumto be inmportant. |In fact, as history has
shown in sonme of the earlier assessment of other
simlar facilities like this, tritium was not
considered to be inportant.

The performance assessnent was done in
such a way that the goal here was to calculate the
concentration to radionuclides on the list of source
avai l abl e to a hypothetical user of the ground water
at the creek, soin this case, the user of water, the
person that uses the water is really taking water from
a well at the creek location. |In this particular
case, it was Mary's Branch Creek. 1'Il show you in a
future slide what this really | ooks like in a draw ng.

Thi s assessnent basically showed t he nost

i mportant radionuclide at the creek was tritium The

hypot hetical dose rate is approximately 4 mllirens.
It should be less than 4 mllirenms. A calcul ated
hypot hetical dose rate is approximately 5 mllirens

for strontium and this occurs at sonme future point in
time. In other words, tritiumwashes through, it
comes through first, and then strontiumat some future
point in time. And that there was negligible
contribution in terms of dose rates fromother
radi onuclides. The tinme period of the assessnent is

not really clear in this publication
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This is the conceptual nodel. Again, the
focus was just in zone two, where the flowis
primarily horizontal, and the transport occurs from
the site to an off-site location, to a receptor
consunm ng water at the creek.

And finally, 1'dlike tosay alittle bit
about this current nodel that we use. The goal in
this nodel is, again, to verify with environnenta
data that we have, to verify that we could neet
radi ol ogi cal performance. The nodel devel opnent
basi cally began around the 1996 tine frane. It is
based on nunerous neasurenents.

One of the things | want to point out
here, the col |l ection of geol ogi cal and hydrol ogi c data
that is on a programat our facility occurs using very
high quality processes. |In other words, the
col l ection of data that we have been using from about
the 1982 tine frame have been pretty nuch consistent.
W use the sane procedures. W have a data managenent
process. |In other words, we are able to retrieve this
information. And one of the nobst inportant things
about data collection that you see at other facilities
is there's a change in the managenent for a |ot of
facilities, and that the structure to maintain this

informati on doesn't exist, so there's a continuous
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col | ection of hydrol ogi c and geol ogi c data as we nove
and we build disposal units, or trenches at various
different locations on the facility.

W have routine environnental nonitoring
of water levels, radionuclides, and today, nost
recently, non-radiol ogical constituents. |n addition
to that, we have special studies that are minly
focused on shoring up sone of the weak points in sone
of the previous nodeling efforts, in particular, we
don't know, for exanple, how the stream gains. The
Barnwell facility is located at a head water of a
little tiny creek, and the creek goes from al nost no
flow, froma little trickle, to one cubic feet in a
very, very short distance. And this really inpacts
the ground water nodel. And that particular
information is very inportant in the sense that it can
give you things, information about how the water
| eaves the ground, and actually enables you to
calibrate, force you into looking at the nodel in
ternms of head drops near the creek, the shape of the
contam nated areas right next to the creek, this kind
of information that's very inportant to us.

W did special characterization studies;
in other words, since this site has an area beneath

the site that is inpacted by the site, inpacted, by
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that | mean receive tritium we did mapping,
characterization map to make a determ nati on of where
tritiumwas and was not. This information was needed
to calibrate a ground water nodel

Finally, not really related to the ground
wat er nodel, we did what's called a radionuclide
inventory characterization. | think there was an
earlier speaker that nmentioned that early information
about radionuclide source or inventories are not as
wel | characterized as it is today, so this is an
attenpt at bringing information that is mssingin our
i nventory up-to-date.

Sonme statistics about our ground water
nonitoring program W have an opportunity to coll ect
sanpl es from about 400 different |ocations on the
site. W have long-term neasurenents. For this
nodel, we used about 25 years of data, so just the
anount of information is very large, and very hard to
nmanage.

|"m not sure how this shows up on the
viewgraph. This is a plan view of the Barnwell site.
And, again, the north is at the top of the page
These little squiggly lines are contour I|ines,
el evation, lines of equal elevations, as well as

roads. And you can al nost kind of see the outline of
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t he di sposal area, kind of a uniformnman-nmade cont our
lines. The disposal area basically is rough shape
pol ygon. G ound water flows fromkind of |ike the
north, flows to south, southwest, to the head waters
of the creek, which is down in here. The creek flows
inthat direction, and enters the Savannah R ver site.

MEMBER HI NZE: Could you give us a scale
on that?

MR ICH MJRA: Yes, | can do that. The
di stance from here to here I would say is about a
mle, the distance across a little bit - okay. Wat
|"'m going to do is |I'm going to take some slices
across this site, and |' mgoing to be | ooking fromthe
east, which is fromthis side, looking into the site,
and t hroughout the conceptual nodel, and | ook at the
geol ogic section in the follow ng slides.

This is one geologic section. |'msure
t he fol ks next door have a different opinion on what
t hey call formations, but anyway, we have Tobacco Road
and Dry Branch formation. But this is basically - the
brown is what we consider to be the zone one. The
el evation on the site is about 250 feet above nean sea
level. The water table is about 40 feet beneath the
| and surface, typically. The ground water flowis,

again, mainly vertical through the brown, and then
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mai nly horizontal for the yellow It's a very snal
vertical conponent, very minor. The approximte
el evation of the creek is at the top of the yellow,
and it's kind of significant because the yellow is
where a lot of water is being transported in the
hori zontal direction, and it just happened to be the
pl ace where the creek forned, and it matches what one
woul d expect in the geology in this particul ar sense,
there's a lot of water, there's a lot of water
exiting.

This is a conceptual nodel of the site.
This is what we typically show people. The ground
water travel tinme fromthe nearest disposal units in
the vertical direction to the point where it turns
nearly horizontal is roughly 10 years. Fromthe point
where it becomes horizontal for the nearest creek is
about another 10 years, so in other words, a tota
travel time is approximtely 20 years.

What real ly happens tothetritiumbeneath
the site - there's actually a small vertical conponent
that causes the tritium to dive down, and then
basically come up under the creek again, because of
the fact that there's ground wat er recharge conti nuous
that Brian tal ked about a little bit. So if we were

to look at the -- truly do the conceptual node
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correctly, it would be kind of a curve down and a
curve back up

|"'m going to stop here and tell you a
l[ittle bit about - kind of |lay out how we do the
transport assessnent. |f one were to nonitor the site
for radioactivity, if one were to put the well in the
wat er tabl e just outside disposal unit, you woul d see
nothing. This water would be very pristine, very
clean. |If you were to put the well down into what we
call the zone two where we find the sands, obviously,
that's where you find the contam nation. So the flow,
fromthe standpoi nt of perfornmance assessnent, and t he
approach that we've taken is to only worry about
what's flowi ng horizontally. And the approach that
was taken is to look at the nmonitoring data at the
upstream | ocation, and project using stream tubes,
mul ti ple streamtubes, and the streamtubes are based
on the flow nodel to the creek, and they're napped
into the creek. So with that kind of a background,
this is how the nunerical nodel is set up. And it's
based on the fact that we believe that there is a
vertical conponent and a horizontal conponent to fl ow

Okay. The nurnerical nodel itself - this
is fully three-dinensional. |It's a conbination of

MODFLOW and MODPATH. MODPATH i s used to cal cul ate the
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pat hways, and it is used to justify the numerous one-
di mensi onal stream tube approach. One way to
conceptualize what this stream tube approach | ooks
like is, it's like nunerous RESRAD nodel s being run
simul taneously. W only took into account advective
transport and decay, as well as retardation.

The source termis based on the maxi num
average concentration observed in any stream tube
that is, if there is a well, the well that has the
hi ghest average concentration of radionuclide in the
upstreamdirection is a sign the concentration in the
source term So this is an observed source termfor
tritium

For projection use, what we did was we
calculate a source term based on the radi onuclide
inventory. This is really a separate nodel, but 'l
talk alittle bit nore about howthis is set up. Wen
the stream-- enter the stream they are nmapped into
mxing cells. On the streamitself is a series of
m xing cells, and we cal culate dilution, and then the
concentration of tritium is projected to the
conpliance location. So the nodel itself is a
conbi nati on of ground water and stream surface water
nodel .

So the calibration of the nodel, the fl ow
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nodel is actually calibrated through hydraulic
properties. Not all hydraulic properties are going to
mat ch, but they're pretty close. W also use average
ground water el evation neasurenments. W decided to
pick a | ong-term average data that was a snapshot of
what one woul d perceive as to be a reasonabl e average
ground water elevation for that site. W calibrated
the flow nodel to nmeasure streamflow rates. Again,
we have to match those.

On the site, we have opportunities to
calibrate nodels to different things. Like, for
exanpl e, we have surface water hol ding ponds. These
are wat er nanagenent ponds that coll ect surface water
runoff fromthe facility, and some of the water that
enters the pond really ends up percol ating and
entering the ground water system so the ground wat er
nodel itself should be able to sinulate what happens
in the ponds.

W al so have in the transport side of the
nodel , we should be able to - on the MODPATH si de of
the nodel, we should be able to calculate arriva
times. They all have to match. That is, when a
di sposal unit was constructed. Tritiumarrival at a
certain sanple |ocation dowstream have to match, so

these are things that we have matched. And we have
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used neasured nmaxi num average tritium and carbon-14
concentrations to project what the dose rates m ght be
at the conpliance | ocation.

The nodel results, this is what this
conpl i ance nodel |looks likeinterns of the results at
the current time. The maxi mum hypot hetical dose rate
due to tritiumis projected to be around 13 mllirem
per year. The maxi mum hypot hetical dose rate due to
carbon-14 was about -- is actually sonmewhere around
| ess than two-tenths of a mlliremper year, so the
sane one as | show in the slide.

The neasurenents, the maxi num hypot heti cal
dose rate due to tritiumis 5 mllirem is |less than
5 mllirem And then, again, hypothetical maxi num
t he hypot heti cal dose rate due to carbon-14, in fact,
is not detected at the conpliance location, is |less
than one mllirem per year. So, again, | want to
enphasi ze the scenari o does not exist, the real dose
rate is negligible.

Since the nopdel was based on actual
nmeasur enent i nformation, what we had to do was go and
| ook at all the other radionuclides that may possibly
be in our inventory. So the process -- we took a very
|l ong, hard | ook at developing a total radionuclide

inventory at the Barnwell site. In fact, pretensive
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461 data woul d i st radi onuclides, such as tritium as
m xed fission product or sonething like that, and it
woul d never show up on their inventory sheet, and
sonmething | i ke that woul d have to be recal cul ated, so
this is the estimate, to estimate the amount of
radi onuclide that might be at the Barnwel |l site.

Next, we had to determne from the
inventory what a source termwould be. W used sone
additional radionuclides. | did not list them here,
because they're of | esser inportance, but cesium 137,
cobal t-60, uranium and sone ot her radionuclides that
was neasured in the sunp were used to help calibrate
this nodel. But in the ground water, none of those
radi onucl i des are present.

We've assuned, and this is a critical
assunption, that the distribution coefficients that's
available in Sheppard and Thibault 1991 are
applicable. For the nost part, | think the nunbers
that we pulled from the Sheppard and Thibault
information appears to work for the site. There's
not hi ng aberrant, with one exception that we can tell,
that's very inportant, is carbon-14. Carbon-14 for
this site, with the type of m xed waste, behaves just
[ike tritium

We det er mi ned whi ch radi onuclides arrived
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at the conpliance | ocation within a 2,000 year peri od.
| think Mark tal ked about 1,000 year requirenment. W
upped the nunber to twi ce that, and we cal cul ated t he
hypot hetical dose rate under all the radionuclides
that arrive at the conpliance |ocation within the
2,000 year period. And the results are obvious,
because tritium and carbon-14 are the calibration
factor. They have to reproduce the same nunbers that
we' ve seen before, tritium and carbon-14 are nost
important. There are some other radionuclides that we
seeinthe literature that are i nportant, and show up
at the conpliance | ocation, iodine and technetium to
name two of them They're very snall relative to the
ot her parts.

| believe with this kind of an exerci se,
and | thought this was interesting for ne to | ook at
sonme of the literature, and sone of the background at
this facility, and |ook at sonme of the assunptions
that were nmde early-on. It was an interesting
exercise, and I'msure right now as we step forward,
we're, again, taking a | ook at new data, and how t he
i npacted area of the site is changing, if any. And
we're | ooking at the process of actually inproving
some of the nodels. So with that closing, are there

any questions? | guess, Jim you're going to hold the
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guestions until |ater.

MEMBER CLARKE: Yes. Thanks, Vernon. |'m
going to turn it back to GCeorge for the pane
di scussion, and then we'll entertain questions. It's
all your's.

DR. HORNBERGER: Thank you, Jim Again,
| " m Geor ge Hornberger, Nuclear Water Techni cal Revi ew
Board. We're running just a little behind schedul e,
so again, I'll warn people that we're going to have
about a half an hour maxinmum for this panel
di scussion. And, again, just to try to get us off on
hopeful | y sone interesting di scussion, |et ne make an
assessnment here of ny own.

When | was | istening to the presentations,
| recalled and old song "Love and Marri age", because
it's a refrain, "They go together |ike a horse and
carriage, but you can't have one w thout the other"
and we're tal ki ng about nonitoring and nodel i ng, and
that seens to be a thene that progressed through this.
And then | was - to carry this bad anal ogy further -
| was thinking that the peopl e who spoke this norning
nmust be proponents of divorce. And | was trying to
reconcile this dichotony in ny mnd, and | was
t hi nki ng that, of course, the utilities that exist to

sell energy and nake a profit, the |labs, as M chael
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said, have a large part of their mssion as
renediation, so the wutilities, | think, have an
incentive to mnimze the costs associated wth
nodel i ng and nonitoring. And one m ght argue that the
converse mght be true for the |abs.

(Laughter.)

DR. HORNBERGER: And | grant you, you and
nme have ot her expl anations, and you may want to posit
anot her explanation, and that's fine. But in the
context, whether it's ny explanation for the di chotony
or sone other, | thought it mght be interesting for
us to address Question 8 that was a focus question for
this session: "Do you have specific reconmendati ons on

how to inprove the integration of conpliance

nmonitoring prograns and nodeling to increase
confidence in nodel results for NRC licensed
facilities?" And we'll go around this way. Tom

you're on the hot seat. You have to say your nane for
t he record.

MR. BURKE: Tom Bur ke, Brookhaven Nati onal
Laboratory. To increase confidence between, | guess,
the I'i cense hol ders with NRC and ot her regul ators, one
of the things that came up early-on in our process, we
spent a lot of tine on the conceptual site devel opnent

and t he nodel i ng, and we had a nodeling work plan. W
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went out to all the regulators, they reviewed it, they
cormented it, it went through several reiterations.
We performed the nodeling setup, which took a | ot of
noney and a |l ot of time, and numerous neetings. And,
al so, one of the things we did, is we got the EPA in
there, we got the DEC in the room we got the USGS,
and we asked them do you agree with us? Do you al
nod, all raise your hand, do you all say this is what
you want us to use? W don't want to just go down the
path and start using something, and a year, or two
years, or three years they start throw ng rocks at us
and say, we don't want you to use that nodel. W want
you to use this, so there are nodels that are very
good, that nmay have additional strengths that we
didn't use. But you want to use sonething that's been
in the public domain, that's generally accepted. And
the ones | nentioned are the ones everyone could say
yes, we're not going to give you a hard tinme. But to
do that took us over a year, took us a year and a
half. W had the tinme available to us to do it. |If
we didn't do it, you run into pitfalls going forward
where people don't believe your nodeling, or they
don't want to agree with it.

You could fight about your initial

concentrations that went into it, but you don't want
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themfi ghting about the code you're using. |It's hard,
but you have to get the up front agreenent from your
st akehol ders, and your regulators, that we're all
using the thing we ought to be using. And | think if
we did that, it's tinme consum ng, and expensive, but
it can hel p you down the road. And even though we did
that, we still ran into sonme issues.

Earlier this norning, | think soneone
nmenti oned about disposivity. That was a major issue
for us in different ways. The nodel that we had
selected, we had turned off the disposivity. W
didn't include it, even though we had estinated and
cal cul at ed ot her ways that our disposivity would have
been on the order of about five, but the MODFLOW and
MI-3 has inherent nunerical dispersioninit that we
estimated 5. And to convince others that what we were
using was okay - | didn't talk about it - we had to go
to sonmething called Method of Characteristics, MOC
Anal yses. And the MOC Anal yses, we did for the sane
set of initial characterizations, and we turned off
di sposivity and put it to five. And when we put the
five, the factor of five disposivity into the MOC, it
basically matched up what we had. But there's a | ot
of technical going back and forth. And once you get

t he techni cal people on your side fromthe agencies,
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it makes it easier to sit at the table in front of the
public and say not only do we think this is the case,
t he other experts agree with us, so it hel ps you when
you go have to explain it.

DR. HORNBERGER: (kay. Good. M chael.

MR. HAUPTMAN:  This is M ke Hauptnan, al so
from Brookhaven Lab. |I'mgoing to try to answer the
di chot oy question, as well as the NRC conpliance
nmonitoring in the context of what Tomjust brought up.
It's all about establishing credibility. And each
siteis going to be different, as far as how nuch data
has to be collected and what type of nobdel to use.
Certainly, you want to pick your battles, too, and
what do you want to fight about. Do you want to fight
about data, or do you want to fight about nodel s? And
as Tom said, pick a nodel out of the public donmain,
and that fight is already settled. |f everybody
agrees well, this is an accurate nodel, |'ve used it
el sewhere, great. So now you're just fighting about
t he dat a.

And then it cones down to, how nuch data
is going to raise your credibility. And part of that
is involving the regulators early, involving the
public, because it's partially education, also, of

what do data nmean, and how do we use the data, what is
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a nodel, is a nodel as good as the data you put in?
Yes. We all know that, but there's a ot of people in
the public that may not know that. They think the
nodel is sonething that's generated and gives you a
true answer all the tine, and that's an educati on t hat
people have to get, again, in order to raise
credibility.

So maybe getting back to this dichotony
guestion - | don't know what the utilities - naybe
t hey already have credibility. | don't know, but the
Nat i onal Labs, especially Brookhaven on Long | sl and,
at that point intinme had very little credibility, so
we had toreally bite the bullet, and collect a |l ot of
data, a lot of date. And as Tom said, we probably
woul dn't do that today, and if we didn't have, as
someone said this norning, social and political
pressures, if those weren't driving those - those
designs | tal ked about, those were done i n two nont hs,
fromconcept to the in the ground. That type of thing
is to be avoided, so again, maybe the utilities have
been successful so far at avoi ding that sort of thing.

And as far as, | guess, conpliance
nmoni toring, those issues that you have - yes, we did
alot nore. And, again, if you can use the data that

you have judiciously to grow that credibility, which
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comes down to calibrating the nodel, validating the
nodel , maki ng sure the output matches what you see in
the field, and making sure that the public and
st akehol ders know t hat t he nodel output matches what
you see inthe field regularly, do that with a m ni mum
anount of data, that's what you want to do. But it
varies fromsite to site.

MR. FAYER M ke Fayer, PNNL. Just to
conment on the | ast comrent about nodels. The debate
about nodels is ranmping around the country in the
neetings that |'ve been in, and |'ve heard that
comment about picking a nodel off a shelf, and
everyone agrees it's okay. But there are a |ot of
nodel s on the shelf, and all are not appropriate, so
you actual ly do have to nake sure you choose the right
nodel . And sonetines it may not be on the shelf.

| know what drives us to do what's right.
That's what we feel |ike we're doing, doing what's
right, is that we have to have public and regul atory
acceptance, nultiple agencies, the State Departnent,
there's EPA, and, of course, there's DOE. There's
al wvays the threat of NRC sone day com ng in sonmehow.
And there's also peer reviews. | mean, we do have
external reviews. Mstly academics will cone in, and

we've got to get it right to satisfy that whole
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clientele. And we have stakehol ders, as well, |ndian
tribes and whatnot, so we're always drivento mnimze
as much as we can the uncertainties, and not take that
risk.

| don't know if NRC has incentives built
in for contractors to go beyond just doing the
conpliance effort. That would be sonething to
consider. And then I'mnot famliar enough with the
structure of NRC, but is there a regul atory conponent
and a industry proponent/conponent? |s there two
heads to NRC? |'mlooking at you, but --

DR. HORNBERGER: It's regul atory.

MR. FAYER |'ml ooking at you, but --
it's all regulatory. Gkay. | didn't know if that
woul d be an issue. That's all | have.

MR. LOONEY: This is Brian Looney from
Savannah River Laboratory. There's always a risk in
carrying an anal ogy further out, but | was intrigued
by the "Love and Marriage" being an analogy for
nmoni toring and nodeling. And one of the things that's
i mportant about "Love and Marriage" is that in order
for a marriage to work, you have toinvest init. You
have to invest tine in it, and you have to work at
keeping that relationship fresh. And | think the sane

is true for nonitoring and nodeling. And | think that
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in the case of nonitoring, if you basically have a
very rigid prescribed approach, it's like going into
a marriage and not really have any excitenent. \Wen
you cone home at the end of the day, you al ways do t he
same things. So | guess, if | had one, going back to
Question 8, specific recomendation, | would try to
resolve this tension. The point | nmade about trying
to match solutions to problens - this tension of
trying to answer the question with creativity and
flexibility, | think goes right down the |ine of the
anal ogy that you brought up.

| think you need to nmintain discipline
and quality. You don't want to cone hone at the end
of the day and have no clue what's going to happen,
either. So, to ne, the real lesson that | take hone
from this, is that there is a possibility of
essentially incorporating new ideas into the
noni tori ng paradi gm and what | woul d propose is that
t he enphasi s be on early warning systens, and systens
that are robust to kind of the known ways that
cont am nants behave in the subsurface, especially for
new facilities where you have very little expectation
that you're going to see sonething. You need to show
that you' ve made your |evel best effort to put in a

system that's going to actually detect the failure
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node. And | think Jody Waugh and others are going to
get into that when we get into this tonmorrow. But,
basically, | think that this paradigmthat was set up
where you have existing plumes, and you ki nd of think
about thema certain way, and you have newfacilities,
and you want to have sonething that's very sensitive
was a really, really good one. And | guess | would
propose that we try to cone up with sone kind of
bal anced approach to resol ving those tensions.

MR YABUSAKI: Steve Yabusaki, PNNL. |
agree with a lot of the corments that have been nade.
| think the environment that we're in at Hanford, it
does sound different fromthe NRC. | guess, | didn't
realize it, but we do - actually do have a closer tie
to the people collecting "nmonitoring"” information on
the site. And maybe there's a common objective, or
accept ance of the need to do sonme of these things, but
t hey have accomnmpdated us not all the things that
we' ve asked for, but they have essentially instituted
nore rigorous and nore conprehensive sanpling in the
300 area, for exanple, on the project that | was
tal king about. And | think maybe what it has to be is
that you need to agree on your use of the nodel, and
the nodeling objective. And everybody sort of

enotionally buy into that, and once you do that, the
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nodel i ng can actually help you design the nonitoring
and sanpling strategies behind that. But | think
soneone said it earlier about it's not the nodelers
over there. | mean, we're all in this together, and
that nodel is essentially the enmbodi nent of our
current understandi ng of the system And when we have
problems with the nodel, it's essentially a defect in
our understandi ng of what's going on. And that's part
of the beauty of nodeling, but it also nmeans that you
have to use that to your advantage, al so, in adapting
your strategy out there when you cone upon this new
i nformati on.

MR I CH MJRA: |I'm Vernon Ichinura. Wat
| would like to do is say a little bit about - from
our standpoint as a commercial entity, and | ook at how
we |ink nodeling and nonitoring together. One of the
things that |I've begunto realize as |'ve wat ched sone
of the bigger facilities, there's a difference in how
the nmonitoring fol ks operate, and then the nodeling
folks, they seem to be sonetines in a separate
environnment, at | east that's conpartnentalized, and at
our facility it's a little bit different. W're
small, so we have a small group of folks, so there's
a | ot of conmuni cati on goi ng on between t he fol ks t hat

do the nonitoring, and the fol ks that do t he nodel i ng.
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So there's a continuous connection, and as we find a
need t o change our approach, and change our directions
incollecting specific data, in alot of cases they're
driven by nodel, but sonetines they're driven by the
fact that our nonitoring data seem to say sonething
that we're not really sure of, and it doesn't show up
in the nodel, so it goes back and forth

DR. HORNBERCER: Good. One other of the
guestions that |1'd at least |like to nake sure that
we' ve heard everything that you have to say to us on
the question of are there new techni ques or nethods
t hat shoul d be brought to bear. And Brian nentioned
geophysi cs, gas sanpling, push/pull techniques. And
(A), are there others that should be considered, or |
was thinking (B), are there specific things that
shoul d be recomended? For exanple, is an SP array a
cost-effective thing to do, eveninarelatively - not
a huge issue, such as the uranium di sposal areas at
Hanf ord. Does anyone have anything to add here on new
t echni ques, or approaches that you woul d reconmend?

MR ICHMJRA: 1'dlike to try one. And
| notice there was a comon thene anong sone of the
speakers regarding the collection of information, in
particul ar, contam nant information, and was talking

about sone of the advances in geoprobe and rotosonic
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drilling. | would say |ike maybe perhaps five or six
years ago, nmaybe 10 years ago, these techniques
weren't prevalent, they weren't that inportant. And
one of the things about these new sanpling techni ques
is they're relatively inexpensive. And you can go
into a new area and actually put a hole down, and
actually cut the cores into little sections, and you
will find when you cut these cores - and | don't know
if other people are seeing it - that if you were to
eval uate each individual specinmen in that core, you
will find that the contam nant levels in that core is
highly variable. So what does it tell you

i mredi at el y, and when you conpare that to a nonitoring
well, it's quite different fromthe nonitoring wells.
And | heard soneone speak earlier on the issue of as
you broaden the well screen fromthe standpoi nt of the
econonics of environmental nonitoring, you tend to
snear the contami nant |levels. So recognizing that the
approach of actually collecting soil sanples using
t hese new techniques need to be |ooked at in nore
detail, and I think this is particularly useful, not
necessarily fromthe standpoint of nodeling, because
nodel ing tends to smear the data, because we tend to
average - say, for exanple, inafinite elenment, or in

afinite difference. But in the sense that if you're
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| ooki ng at t he m croscopic properti es, and
under st andi ng how t he contam nant transport is taking
pl ace, this is an area which is rich for research

MR. HAUPTMAN:  This is M ke Hauptman from
Br ookhaven, again. Maybe two things that we kind of
had our |essons |earned over tinme was certainly the
snearing effect of - | nean, we used to have five foot
wel | screens when we first started, for exanple. And
taking three well volumes out of that really was not
a representative sanple. It was a consistent sanple
wi th what had been done in the past, but it was no
| onger representative, so that's one reason we went to
geoprobes, and the other was cost. But in the
geoprobes, | don't think we explained it in that ruch
detail, but we took sanples every foot, so it was a
very detailed picture of the vertical distribution of
the tritium and we found that that was really a nmuch
better way to approach it than say putting in a nest
of five foot well screens.

The ot her techni que that we started to use
for all our sanpling, actually, was | ow fl ow punpi ng.
And | think that's comon now, | know it's common
t hroughout DOE, |'m not sure about NRC. But instead
of taking well volunes to purge a well, we just put

either a dedicated well, or a newone in and take the
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top, or you can do stratigraphic sanpling within an
existing well. If you' ve got a five foot well, you
can put it in the nmddle, or the bottom and try to
get a better picture of what's exactly going oninthe
aqui fer.

MR. LOONEY: This is Brian Looney from
Savannah Ri ver, just a couple of quick ideas. Severa
peopl e nment i oned somet hi ng about essentially
incorporating sonme kind of tracer, or using the
characteristics of the process water to give you nore
i nformati on about what's going in near source, and |
think that's a really good idea. | think given the
i mportance of at |east the appearance of tritium
outside nuclear facilities, either through the fact
that curies per liter on the inside, and pecocuries
per liter on the outside is inmportant, or even
activation outside in the soil, there my be sone
creative things that can be done there. Just one
exanpl e woul d be just running a continuous | ow vol ure
SVE underneath your facility for al nbost no noney.
That woul d do two things. First of all, it would give
you a real-time access to the humdity to collect
tritium sanples, and essentially give you an al nost
i medi ate signal if there was any | eakage out of your

facility.
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I think you <can work wth your
st akehol ders to et them know that that is the thing
that's going to give you an inmediate readi ng, and
maybe use that to not do nearly as mnuch, lots of
ground wat er sanpling and things |like that.

DR HORNBERGER: For our reporter, you
m ght just say what SVE is.

MR. LOONEY: |'msorry, Soil Vapor
Extracti on.

MR. BURKE: Tom Burke from Brookhaven
One thing | had nentioned briefly before, the
difference that we ran into is that the volune and
detail level of analytical data we collected far
outstri pped, maybe by an order of nagnitude, our
under st andi ng of t he hydraul i c connectivity
variations. And | think over the last five or ten
years, that has been better understood on how - at one
ti me what we t hought was honbgeneous - over very short
ranges, i s not as honbgeneous as we once thought. |
nmean, the Waterloo fell ows have certainly done sone
very interesting work and sone ot her people, to show
the real variations over very short distances. And if
| had to do it again, | would collect |ess data, and
nore hydraulic connectivity data, and the geophysi cal

techni ques to do that are better and cheaper now t han
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they were ten years ago. That's reflected in our
nodel i ng.

Qur nodeling is pretty good in the far
field. In the near field nodeling, the variations
over 100 feet, it doesn't nake sense, over 1,000 or
3,000 feet it's okay. So, overall, it's honpbgeneous

going forward in |onger distances, in short things,

those hydraulic connectivity variations, little
enbedded things going on in the subsurface will have
an effect.

DR. HORNBERGER: Wl |, thanks very nuch.
| know Jimneeds to turn to the commttee to | et them
have questions, so | will turn it back to Jim

MEMBER CLARKE: Thank you, George. W are
running a little short on tine. Let ne ask the
committee to limt thenselves to one question, and
Ruth, will you start?

MEMBER VEEI NER: One, maybe one and a hal f.
| have a question for Steve. How did you account in
your urani umdata, how di d you account for the urani um
that comes down in Col unbia fromthe urani um deposit
on the Cal dwell Reservation?

MR.  YABUSAKI: So you're saying the
background uraniumfromthe river?

MEMBER VEI NER: Yes, it's background -
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well, it's uraniumin the river as it cones into the
-- across into the Hanford reach.

MR. YABUSAKI: | haven't done anyt hing
with the uraniumin the river itself. Everything that
we' ve nodel ed has been fromthe ground water or the
vadose zone systeminto the river.

MEMBER VEI NER: And you don't get any
infiltration the other way?

MR. YABUSAKI: Well, there is a background
| evel of uraniumin the river, but that is rmuch | ower
than the aquifer concentrations that are there.

MEMBER VEI NER.  And ny question is -
have to ask it again - you're not getting any flow
fromthe river into the aquifer in the vadose zone
that carries with it, because the background at that
point, and ny recollection of the background at that
point, is that it's certainly not insignificant,
because you're getting a constant |eaching fromthe
Cal dwel | deposit.

MR. YABUSAKI: Yes. | think the levels at
least that I'mfamliar with, with the exception of
those taken in the river bed sedinents, are that the
concentrations of wuranium in the river that are
interacting are nuch snaller than the aquifer

concentrati on.
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MEMBER VEI NER: But you did account for
t hem

MR, YABUSAKI :  No.

MEMBER VEINER: Ckay. If I'mlimted to
one question, that's it. Thank you.

DR. HORNBERGER: Thank you, Ruth.

CHAI RVAN RYAN. |'d like to get back to
Dr. Hornberger's analogy. | think the marri age cones
t oget her around the prize of the conpliance principl e,
whatever it is. | noticed that in all the
presentations, Vernon is the only one that |ooked at
dose, Dbecause that's the direct nmeasure of a
conpliance point. And he shared in his norning
presentation that requirenent. | think when Eric
Dar oi s spoke earlier, he tal ked about specific ground
wat er requirenents that were perhaps not strictly in
some table in NRC regulations, but what were
negotiated as the right answer for that particul ar
setting. So | see that as, perhaps, a little
different kind of neasure in the NRC world, or
agreenent state worl d.

By the way, there's thousands and
t housands of |icensees, nmore in the agreenent states
than there are at NRC. There are 109 reactors, and

there are 20,000 |icensees at various |evels
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el sewhere, so let's don't forget that part of the
world, too. And | just would like a reaction to that
idea, that really how do you translate all the
nmoni t ori ng and nodel ing i nto a coherent whol e? My vi ew
of it is, it has to cone together to address how
you' re denonstrating what ever conpliance you' re asked
to denonstrate. 1Is that a reasonable theme for nme to
take away from this conversation when | try and
integrate it nysel f?

MR. LOONEY: This is Brian Looney from
Savannah River. | think that's a very reasonabl e
t heme, and the answer we gave earlier was that a | ot
of DCE sites, they're concentration-based standards,
but it's also true that at the radioactive waste
di sposal facilities, per se they're doing the
performance assessnments in the standard way wth
doses, as the goal. And that is the basis for this
determ nation that the question was on earlier, of
what is significant and what is not? And, ultimtely,
it comes back to that cal cul ation

| think that the other issue is this issue
of averaging in point sanples versus broader sanples
that integrate over volunes. But | think that for --

it becones really inportant as we get better and

better characterization nonitoring techniques, so
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we' ve heard geoprobe sanples, where they're taking
very short screens. And what you can get is you can
get a very, very high concentration in a smal
interval, that is not representative of anything that
could cone out of a nmonitoring well.

It becomes even nore inportant if you go
to your public and you say well, |I'm going to have
this really early sensitive early warning system and
you neasure 100, 000 pecocuries per liter in a vadose
zone noi sture, that has nothingto dowithwith what's
going to come out of a nonitoring well. So you need
to go in with this idea that neasuring 100,000
pecocuries per liter in a vadose zone doesn't mnean
that you' re exceedi ng a dose standard, or whatever.

CHAl RVAN RYAN: And that's a great
caution. | nean, | think you have to characterize
each and every one of your sanple techniques, points
of sanpling for the specific purpose it's designed.
And your vadose exanple is a good one, one that's not
designed to neasure directly agai nst your conpliance,
but to give you sone other insight into the behavior
of the system So the behavior, the system kinds of
t hi ngs, there are radi onucli de neasurenents, which are
relatively straightforward i n what ever sanpl e you send

to the lab, and then there's putting it all together
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in a package. And, to nme, again, | see that whatever
the conpliance programis you're trying to neet, is
really the thenme you're aimng at. And sonetines
that's clear, and | think in front of fol ks, and
sonetimes that way down the |ine and sonebody el se's
job, so it ranges across the map to whether it's a
poi nt of focus, or not a point of focus. Wth that,
"1l stop. Thank you.

MR. HAUPTMAN. Can | just add to that?
M ke Hauptman. | think, too, it's a great thenme to
take away. And | was going to add that what we didn't
really tal k about, because it was in the background,
was t he whol e ri sk assessnent and ri sk pat hway concept
t hat goes into establishing what the conpliance poi nt
is, and what the conpliance level is going to be.

I n our worl d t here was EPA dri nki ng wat er,
soci al aquifer, 20,000 pecocuries per liter, but it
could be a different standard, or it could be a

negoti at ed st andard, dependi ng on di fferent situation.

Thank you.

CHAI RVAN RYAN: Fair enough.

MEMBER CLARKE: Thank you. Allen.

VICE CHAIR CROFF: 1'd like to thank you
all for sonme very interesting presentations. 1In lieu
of a question, 1'd like to reinforce George's
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observation that he nade at the outset, and sort of
the difference, | mght call it, in tone, or in
approach between the norning and the afternoon. And
| think that sort of | eaves ne with scratching ny head
as to, to sone extent, why there were the differences
in viewpoints, should we try to do sonething about

this and change this, and provide incentives in

various directions, and can we? | nean, is there a
way to do it? | don't have any answers, and | don't
expect any, but | think that's sonmething |I've taken

away fromthe first day, a nmjor point.

MEMBER HI NZE: No | ecture.

CHAI RVAN RYAN: That's a first. Let this
be recorded.

MEMBER HINZE: | am extrenely heartened by
what | heard |l ate norning and this afternoon about the
use of tracers, dyes, geophysics, conplenentary to the
nore conventional nonitoring schenes. And | guess ny
guestion is, what is the NRC doi ng about this, about
how to i npl enment that, and how to provi de gui dance to
t he energy peopl e that are doing t he decomi ssi oni ng,
of how the substitution of these techniques can be
brought in, and how they can be used properly? |
don't expect an answer to that, either, but it seens

tone that that is something that the NRC, and perhaps
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this commttee shoul d be thinking about.

MEMBER CLARKE: Ckay. Thanks, Bill. |1
may have over-react ed.

CHAI RVAN RYAN: Wiy don't you --

MEMBER CLARKE: Well, no, that's fine.
I"mstill digesting all of those, but anyone el se on
the conmttee have a followup? Anyone fromthe
staff?

MEMBER VEI NER: Can | ask ny ot her
guestion?

MEMBER CLARKE: COkay. o ahead, Ruth.

MEMBER VEINER: This is a considerably
nore general one, but it's along the sane |lines. Sone
years ago at Hanford, we had a presentation fromthe
Washi ngt on St ate Departnent of Ecol ogy, that conpared
the tritium from fallout with tritiumfrom various
sites, | mean, fallout | ooked at tritiumin | akes that
had not hi ng whatever to do with any site that coul d be
releasing tritium And | wanted to ask, particularly
t he Brookhaven folks, did you look at that, as to
whet her any, or anyone as to whether the tritiumthat
you're seeing is fromfallout, whether any of it is
fromfallout, what percentage is fromfallout, and so
on?

MR. BURKE: Tom Burke from Brookhaven
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Yes, we did. And the answer was that we cane up, was
we had a nunber of people |look at it for us, and our
at hropogeni c, our background, or fallout tritium
Sonet i mes dependi ng on who we talked to, it was 50 to
100 picocuries, maybe up to 200 picocuries, are
routine detection limts, or MDAs, for tritium were
inthe three to five hundred picocurie range. And we
woul d nention this in our neetings with the public,
but it becanme not an issue because it was little, and
we' re | ooking at bigger nunbers, and our anal ysis
range was 300, 500, and up.

One of the issues we canme across, and we
resolved it sonmewhat over tinme, was that we spent a
lot of time talking about 650 picocuries, 750
pi cocuries, and in our mind it wasn't that nmuch of a
concern. W actually got help fromone of our | ocal
regul ators, and it was because of what was goi ng on.
They were force to go far afield away from us and
start sanpling public supply wells on their own.
Hydr ol ogi cal | y at di stance, no connecti on what soever,
and they were getting nunbers 800, 1,000, 1,200, 650,
and they said oh, let's not open this can of worns.
It's confusing, it's difficult, so even though we
weren't nmade to do it, the Suffol k County Depart nent

of Health Service said let's talk about 1,000
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pi cocuries. Belowthat, let's not be too nuch.

What it ended up having us to do, good,
but al so bad, was that on many of our contour naps,
we' re drawi ng 1, 000 picocurie contour |ines, whichis
much different from if you're in the chem cal VCC
| and. Most VOCs are five parts per billion, the nost
you would draw is a five part per billion contour
line. No one ever draws a half a billion contour |ine
unl ess you' ve got EDB or sonmething. Here, we're being
forced to not draw a 20,000 drinking water contour.
W' re being forced to draw 10, 000, 5, 000, and st oppi ng
at 1,000 contour line, even though we didn't have to
chase the 600, 750 as nuch.

Al so, through tine and effort with the
public, we were able to mnimze their concern over
the | ower nunbers. And the big difference is, five
parts per billion for VOCs, your detection limt is
one-tenth at .5, but at 20,000 picocurie drinking
wat er standard, our detectionlimt is one-fortieth of
that, so we're way down there.

CHAI RVAN RYAN: If | may just add, when
t hi nk about 1, 000 picocuries per liter, | think about
20,000 being 4 mlliremper year, if that's your only
source of water. So everybody do the math, and figure

out what 1,000 pecocuries per liter means, and
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dosenetrically it's of no consequence. And | guess
|'d agree with you, just fromny own experience, that
anything around 1,000 plus or mnus, whatever you
like, is well within the range of tritiumyou neasure
on the face of the earth.

MR. BURKE: We would have |iked to just
st opped at our 20,000 picocurie contour |ine, but
there was a | ot of concern, a lot of interest. kay,
what's the next line, just as any tine you have two
wel | s, someone coul d conme across and say | want you to
put a well between them just as we have a contour
I ine, someone says | want another contour |ine.

CHAI RVAN RYAN:  Sounds right to ne.

DR HORNBERGER Go ahead, Latif.

DR. HAMDAN. Yes, just one guestion.
hear you tal k about credibility of npdelers going to
10, 000 years, and on maybe nore - do you think it
woul d i nmprove confidence in nodels if the nodeling
committee said sonmething like this - our nodels are
good only for 50 years, or 60 years? And we expect
that these nodels will be revisited at sone point in
the future, and updated?

MEMBER CLARKE: Anyone?

CHAI RVAN RYAN: |'m not sure exactly what

t he question was, Latif.
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DR. HAVMDAN. The question is, here we -

even this neeting, we find out that we don't have
confidence in nodel s when they predict to 2,000 years
or nore. And yet, we are not doing anything about it,
and we also hear that the credibility is a big
guestion for the technical community. And the
guestion is, if the technical community were to take
the notion that okay, our nodels are good for 20, 30
years at nost, and we expect - a report for every
nodel that 30, 40 years fromnow - we expect by design
or otherw se, that nodels will be updated. Wbuld that
-- do you think that would enhance confidence in
nodel s and nodel i ng?

CHAI RMVAN RYAN. Let ne react if | may,
Latif. | think you've got to shape that question a
little bit nore with a finer point. There are sone
nodel s that are quite good for 10,000 years. | would
i mgi ne nodels of how the core of the earth is
behavi ng are pretty predictable. Surface hydrol ogy,
you mght not get so far down the line in terns of
time, so it's a matter of where you are as to what
kind of time frame you can actually claim So | think
you really have to hel p us understand, are we tal king
about deep geol ogy, are we tal king about surface

geol ogy and hydrol ogy, and each system | think, you
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have to then ask the question, and what tinme frame you
can actually speak about with confidence.

DR. HAMDAN: How about the perfornance of
Smith nodels that we have been discussing all day?

MR. LOONEY: This is Brian. Let ne just
take a quick crack at that. The challenges that - the
10, 000 was just kind of pulled out as a nunber that
seened reasonable in like a long time. And in
fiction, dispersion, and retardation nodeling on its
surface should be perfectly reliable, but the rea
challenge is that things are changing during that
period of time, up to and including a climte change,
| mean, sea | evel changes and all kinds of things |ike
that, so | think it's a valid question. What |I'm
hoping is that tonmorrow when we get to |like Jody and
sormre of the other fol ks, we get sone creative i deas on
how to approach the problem from a different
per specti ve.

MEMBER CLARKE: Okay. Let ne thank all of
you. |It's been a very interesting day, and we begin
tonorrow at 8:30. And let me turn it back to our
Chai r man.

CHAI RMAN RYAN: And with that, | think
we'll adjourn for the day. And as Dr. O arke has

said, we'll start pronptly at 8:30. Thank you al
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(Wher eupon, the proceedi ngs went off the

record at 4:57:42 p.m)
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