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P-ROGEEDI-NGS
(8:00 a.m)

CHAI RMVAN GARRI CK: Good nor ni ng. The
nmeeting will conme to order.

This is the first day of the 148t h nmeeting
of the Advisory Conmittee on Nucl ear Waste. My nane
is John Garrick, Chairman of the ACNW The other
menbers of the commttee present are M chael Ryan,
Geor ge Hornberger, and Ruth Weiner. W al so have one
of our consultants here today, Jim Clarke from
Vanderbilt University.

During today's neeting the committee will
conduct a wor ki ng group on bi osphere dose assessnents
for the proposed Yucca Muntain high-level waste
repository. John Larkins is the Designated Federal
Oficial for today's initial session, but seenms to be
absent, sowe'll appoint Howard Larson as theinterim
W' |l also be introducing the rest of the head table
here as we proceed into the working group session.

This meeting is being conducted in
accordance wi th t he provi si ons of the Federal Advisory
Conmmttee Act. W have received no requests to make
oral statements. W have received one request for
tomorrow, and we'll announce it at that tine.

Should anyone wsh to address the
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comm ttee, pl ease nake your wi shes known t o one of the
commttee staff. It is requested that speakers use
one of the m crophones, identify thensel ves, and speak
clearly and loudly, so that they can be heard.
Before starting the first session, 1'd
like to cover sonme itens of interest. W are pl eased
to announce one of the distingui shed nenbers of our
commttee -- nanely, Dr. George Hornberger -- has won
election to the post of president-elect of the
Hydrol ogy Section of the American Geophysical Union.

There's a lot nore infornmation on here that | could

read you, but |I'm not going to. We are proud of
George's acconplishnments, and we wi sh himwell in his
new post .

O her personnel matters that we want to
mention: on February 23, Sher Bahadur departed from
the ACRS/ ACNW office and assunmed the position of
Deputy Director, Division of Systens Analysis and
Regul atory Ef fecti veness i n Research. Hi s repl acenent
has not yet been announced. The staff and the
committee will surely mss Sher. He was a very
val uabl e part of the team

On February 12 of this year, President
Bush announced his intention to nomnate G egory

Jaczko, Senator Reid's Appropriations Director to
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serve the remainder of the term opened by the
departure of Comm ssioner Geta Dicus. The term
expires on June 30, 2008.

M. Nobl e Green has assuned the position
of Adm nistrative Secretary tothe Executive Director,
ACRS/ ACNW He cones fromConm ssi oner Dicus' office.

Wiile Jenny Gallo is on her three-nonth
rotation to NRR, Sharon Steele will be fillingin for
her. Sharon, |ike Jenny, was recently selected to
NRC s Leadership Potential Program which requires a
rotational assignment.

Keith MConnell has been appointed
Director of the newy-established commi ssion,
Adj udi catory Techni cal Support Programwiththe Ofice
of General Counsel. This organizationwll provide a
source of technical expertise for the Conmm ssion,
i ndependent of staff involved in the review, and
adj udi cation of DCOE's application for the high-Ievel
waste repository as the agency proceeds with its
review of the repository application.

Sone ot her news wort h nenti oni ng. DCE has
identified two rail corridors as top choices for a
rail spur to Yucca Mountain. The preferred corridor
is a 319-mle route fromCaliente, Nevada, to Yucca

Mountain. The second choiceis a 323-nmle route from
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Carlin, Nevada, to Yucca Mountain.

DCE has announced an intention to rel ease
a draft Request for Proposals for conceptual cask
designs to nove utility spent fuel and defense high-
| evel waste to Yucca Mountain. Under a nostly real
scenario, the cask fleet would be conprised of 10
| egal weight truck casks and 90 rail casks.

On January 14, 2004, a three-man U. S.
Appeal s Court panel i n Washi ngt on heard oral argunents
involving 13 lawsuits related to the proposed Yucca
Mount ai n repository. The court, for three hours,
heard argunents on issues fromEPA's Part 197 to the
State's constitutional challenge of the federal
government's right to site a repository there. A
deci sion by the Court is expected sonmetine in md- to
| at e 2004.

John Arthur, Technical Deputy Director of
the DCE Yucca Muntain Waste Program stated | ast
nonth that DOE is developing an internal |icensing
pl an to revi ew and approve the Yucca Mountain |icense
appl i cati on. The plan, which is expected to be
conmpl eted by March or April, wll give the Yucca
Mount ai n programa cl ear indi cation of whether it can
neet the license application Decenber of this year's

subm ttal target date.
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Larry Canper, Deputy Director of the Spent
Fuel Project Ofice, ProgramOfice, recently stated
t hat the NRC, rather than relying on DOE fundi ng, w ||
use its own nmoney to cover the $30 million cost of a
package performance study. The study woul d test the
full-scale spent fuel truck cask and a rail cask to
eval uate their performance during crashes and fires.

Nowlet's turntothe activity of the day.
The Advisory Committee on Nucl ear Waste has adopted
the practice of holding working group sessions on
sel ected topics based on the conmttee' s action pl an.
The action plan is a product the committee generates
every one to two years to serve as a road map of
i ssues and activities on which the cormittee should
focus. It is based on input fromthe Conm ssion, the
Conmi ssi on staff, comm ttee nenbers, and consul tants,
and, of course, stakehol ders.

The main purpose of the working group
sessions is to bring in experts and stakeholders to
di scuss and exchange know edge, ideas, and concerns
about issues of high priority to the Conm ssion. The
results of the working group sessions have been
val uabl e source material for ACNW reports to the
Conmi ssion on technical and safety issues.

As you m ght expect, nost of the working

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

10

group sessions the past fewyears have related to the
proposed Yucca Muntain repository for high-Ievel
waste. They have included such topics as the near-
field environnment and the performance of engi neered
barriers in 1998, June; total systens perfornmance in
March of 2003; and performance confirmation, July
2003.

Non- Yucca Mount ai n speci fi c wor ki ng group
sessi ons have i ncluded such topics as transportation
and linear no-threshold hypotheses. W had two
wor kshop wor ki ng gr oup sessi ons on transportation, one
in Novenber of 2002 and one in April of |ast year.
And the l|inear hypothesis/no-threshold was in 1999.

Today is the start of a two-day worKking
group session on bi osphere dose assessnents for the
proposed Yucca Munt ai n high-1evel waste repository.
One interesting aspect of this working group session
is the sonewhat prescriptive nature of the Yucca
Mount ai n bi osphere and the uptake conditions of the
radiation to the receptor. It will beinterestingto
see how this characteristic plays out in the
di scussi ons.

As is the practice with working group
sessions, the cormittee assigns a conmttee menber to

chair the session on the basis of their expertise.
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Clearly, Mke Ryan is our expert on radi ati on and dose
cal culations, and | am pleased to turn the session
over to Mke to serve as its Chairman.

Dr. Ryan?

VI CE CHAI RMVAN RYAN: Thank you, M.
Chairman, and welconme to the Wrking Goup on
Bi osphere Dose Assessnments for the proposed Yucca
Mount ai n hi gh-1 evel waste repository.

Just a fewthings about our structure and
how we' || proceed. W have, to ny right, a panel that
wi || be of fering comrent and questions and their views
as we go through the working group session. And we
have | ater tonorrow a panel discussion for -- so that
each menber can sunmari ze what t hey' ve heard and of f er
conment to the commttee and to the entire audi ence.

Let ne i ntroduce the panel. Chairingthe
panel is Dade Moeller, no stranger to this room He
served 21 years, both on the ACRS and the ACNW He is
now President -- 1'm sorry, Chairman and Chief
Executive O ficer of Dade Moell er and Associ ates, and
a Professor Enmeritus at Harvard University School of
Publ i c Heal t h.

Dr. Meller's work is widely known in
environnental health physics and | ots of other areas

and i s nost recently known for his newest addition of
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hi s book Envi ronnment al Heal th, whichw || be hopefully
com ng out soon, in the fourth edition, is it not?

DR. MCELLER  Third.

VI CE CHAI RMAN RYAN: Third edition. So
that's -- that new edition will be out soon

Dr. Moeller received his M5 from the
Georgia Institute of Technology and his Ph.D. from
North Carolina State University. Wl cone, Dade.

| mght also add that he's a recent
reci pient of the Robely D. Evans Conmenorative Medal
from the Health Physics Society, which is the nost
prestigious award offered by the Health Physics
Society. Congratulations for that.

Seated to Dade's right is Dr. Keith
Eckerman. Keith is a nenber of the RNL staff in the

bi osystens nodeling group, and Keith is an

internationally recognized expert on internal
dosinmetry and biokinetic nodeling, radi ati on
dosinetry, radi ation protection, r adi ol ogi cal

assessnent, and t he appli cati on of mat hemati cal nodel s
to radi ation dosinetry, physiology, and netabolism
Anybody that has anything to do wth
i nternal dose has certainly run into Dr. Eckerman's
work in their career, and it's a pleasure to have you

with us here today, Keith.
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Sitting to Dr. Eckerman's right is Dr.
Dave Kocher, and Dr. Kocher is now at the SENES G oup
in Cak R dge, Tennessee, has experience in the areas
of environnental heal th physics invol vi ng devel opnent
of nodel s and dat abases for assessing radi ati on dose
to the public of various radiation types.

He has speci al expertisein eval uations of
dose and risk assessnment nodels for regulatory and
deci si onmaki ng purposes. Hi s work in these areas has
been concerned with routine and accidental releases
from operating nuclear facilities, perfornmance
assessnent of waste disposal facilities, and inpacts
of consumer products contai ning radi oactive materi al .

Particularly noteworthy acconplishnments
i ncl ude devel opnent of wi dely-used databases on
radi oacti ve decay and external dosinmetry, a w dely-
recormended nodel of gl obal transport and popul ation
dose assessnent for | -129, and ri sk-based
classification systens for radi oactive and hazardous
chem cal waste. Wl cone, Dr. Kocher. It's a pleasure
to see you.

Sitting to Dr. Kocher's right is John
Till. John is the President of Radiologica
Assessnent Corporation -- I'msorry, Ri sk Assessnent

Cor poration, formerly known as Radi ol ogi cal Assessnent
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Corporation. And since its formation, RAC has pl ayed
a key role in the evolution and nethodol ogies for
envi ronnental risk anal ysis.

Dr. Till has published nore than 175
publications, including editing the first textbook on
radi ati on dose anal ysi s titled Radi ol ogi cal
Assessnment, and other docunents that stress new
approaches to applied and sinplified transport
mechani sns in environnent for risk analysis.

Dr. Till is a graduate of the U S. Naval
Acadeny. He served in the U S. Nuclear Subnarine
Programand retired as a Rear Admral fromthe United
States Naval Reserve in 1999. Wlcone, Dr. Till.
Thank you.

Next to Dr. Till is Jeffrey Daniels. Dr.
Dani el s is -- has worked as an environnental scienti st
at the Lawrence Livernore National Laboratory for
al nrost 25 years. Heis currently inthe R sk Sciences
G oup. Heiscurrently the Ri sk Sci ences G oup Leader
in the Environnental Sciences Division of the Energy
and Environnment Directorate.

As Project Leader for studies assessing
health risks associated with drinking water quality
sponsored by the US. Arny Mdical Research and

Devel oprment Command, he prepared and edited numerous
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publications, including a conprehensive nine-vol unme
report that serves as the basis for mlitary field
water quality standards.

The research i ncluded a ri sk assessnent of
chem cal and bi ol ogi cal agent s, as well as
radi oactivity, in drinking water supplies. Wl cone,
Dr. Daniels.

And, finally, Dr. Mchael Thorne is with
us. Heis aVisiting Fellowat the Clinmactic Research
Unit, the School of Environnmental Sciences, at the
Uni versity of East Anglia. He is a Fellow of the
Radi ol ogi cal Society -- I'm sorry, the Society for
Radi ol ogi cal Protection and a past president of that
society, and a nmenber of the Editorial Board of the
Journal of Radiol ogical Protection.

He is currently involved with his own
conmpany, M ke Thorne and Associ ates, Limted, that has
a wde variety of consulting activities in a wde
variety of topics of interest to this working group
today, to a variety of clients across the UK and t he
world. So wel cone, Dr. Thorne. Thank you very nuch.

That introduces our panel. Qur first
speaker wi ||l be our panel chair, Dr. Dade Moeller, and
then he will take us fromthere. Good norning and

wel cone.
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DR MCELLER: Thank you, M ke.

Coul d we have the first slide? It's an
honor to be here, and | look forward to the
di scussions that take place. | wanted -- we're ahead
one slide. Back up one, please.

| wanted to begin by acknow edgi ng that
I"m a nmenber of the Science and Technol ogy Review
Panel for the Ofice of Civilian Radi oactive Waste
Managenment within the Department of Energy. This is
not an advi sory panel .

It is acollectionof consultants, each of
whom is a specialist in a given area, and we are
working with the Ofice of Civilian Radi oactive Waste
Managenent to help them identify issues that wll
arise or that may arise during the three-year pl anned
time span during which the Nuclear Regulatory
Conmi ssion will be reviewing the |license application
subm tted by t he Depart ment of Energy for the proposed
repository.

Qur role is once those issues are
identifiedis to help DOE plan research activities on
t hese various issues, so that when the questions --
when questions arise during the licensing review,
hopefully they will have enriched t he database of the

DCE, the existing database, so that they will be able
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to respond to these issues and docunent their
positions.

The next slide, please.

VWhat we' re going to do during the next two
days is look at one segnent of the biosphere
assessnments. We're going to begin with assum ng that
the groundwater is contam nated and nove on from
there. 1In other words, howis that groundwater used?
How does it interact with the public? And what are
the estimations of the doses that the public may
receive?

The obj ectives are to understand nore in-
dept h what t he acconpanyi ng assunpti ons bei ng made - -
what those are, what the uncertainties are associ at ed
wi th those assunptions, and the degree to whi ch these
uncertainties my affect or do affect the dose
esti mat es.

We're seeking to learn what are the
i ssues, what do we know, as well as what do we not
know, and what do we need, as the slide says, to
adequately address these issues. W will also be
| ooki ng at rel ated questions, and Dr. Ryan has urged
me to urge the panel nenbers to address these types of
guestions. Are we analyzing the right things? And

will theresults of the work that's described to us --
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will it be wuseful from the various aspects or
per spectives shown on this slide? And, again, wll
t he docunent ati on be adequate for the |license revi ew?

In terns of this, Chairman Diaz of the
Nucl ear Regul at ory Comm ssi on, during the Cct ober 2003
Nucl ear Safety Research Conference, gave a paper on
what he called realistic conservatism -- realistic
conservatism And this was such a good paper, in ny
personal opinion, and reviewed the subject so well
that | thought | would take a few minutes and
sunmari ze what he said. And | hope I amnot in any
way, you know, changi ng what he neant.

But he described conservatism Its
purpose is to provide an adequate margi n of safety.
Then he described realism as anchoring that
conservati sminthereal world of physics, technol ogy,
and experience. And above all, he opposed or told us
to avoi d, and encouraged us to avoid, what he woul d
call the worst-case syndrone. He points out that
recogni zing that unrealistic conservatisns, neaning
taking a worst-case approach, can skew the results
very significantly.

He al so has asked us to understand that
uncertainties should be understood to the maximm

practical -- practicable extent. He is urging that
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t hey be quantified, so they can be properly addressed
i n the deci si onmaki ng process, and he points out that
otherwi se we could have a situation in which the
uncertainties remain hidden under what he calls a
mant | e of conservati sm meaning that, oh, we've put in
enough conservatisnms to take ~care of those
uncertainties. Wll, we need to know whet her indeed
that is true.

He has also gone on to point out that
properly applied, realistic conservati smgoes hand-i n-
hand with a risk-informed or risk-based approach to
regul ati on. Now, that is the foundation of the
Nucl ear Regul atory Comm ssion's approach, and so,
indeed, it is extrenely inportant that we keep these
things in mnd.

And he concl uded by poi nting out that the
ri sk significance of an issue cannot be determ ned
Wi thout a realistic understanding of that issue.

|'"d like to nove on by sharing with you
some personal thoughts. The annual dose -- or the
dose -- | put "annual" because nobst of them are
expressed either in terns of a dose rate per year or
an annual dose. It represents a subject that is of
keen interest to the public, and often tines people

will say, "Well, what's the efficiency, or what wl |l
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be the effectiveness of this engineered barrier?"
Well, all of that -- those things are
important, as well as the natural barriers. Al of
these are inportant. But | think | certainly keep in
m nd, and always try to keep in mnd, that the public
is going to be intensely -- they already are --
intensely interested in this proposed repository, and
they're going to be asking questions. And |
personally believe that -- and | could be wong, but
| believe that the bul k of those questions will relate
to, what dose am| receiving? Tell me the nunber
And so | am asking and suggesting that

this represents a primary area in which the public

will not hesitate to ask questions. And one of the
guestions they're going to ask will be -- in ny
opinion will be the follow ng. The reasonably

maxi mal | y exposed i ndi vi dual , as desi gnat ed by EPA and
by the USNRC, is to be an adult.

Vell, it wll not be very long until there
will be one of the first public neetings, and a wonan
-- 1 was going to say in the back of the room Maybe
she'll be on the front seat. She'll stand up with her
infant child, and she'll say, "Ckay. You gentlenen --
| adi es and gentl emen -- you' re assuring ne that you're

protecting an adult. But what about mny chil d?"
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And that is very inportant for several
reasons. First of all, if you take Dr. Eckerman's
dose coefficients and | ook at those for an infant
versus an adult, you will find quite routinely the
dose per unit intake for an infant is sonme 10 tines
that for an adult.

Now, there are many ramfications that
need to be discussed on this subject. But | sinply
wanted to share that with you as a type of issue. In
ny opinion, that will be an issue that will cone up.
And to the extent that EPA and t he NRC consi dered this
fact in setting their standards, the extent to which
they considered it, in ny opinion, needs to be
docunented, so that that can be shared with the
publi c.

Now, here | pointed out that, although
conmplicated, the NRC s regul ati ons exi st. And so over
the next couple of days we may talk to some degree
about conplications within the regul ations, but our
mai n goal is to | ook at howthe dose cal cul ati ons are
bei ng made.

| did want to offer a personal comrent,
again, in terns of EPA which established its
standards. And that conment sinply is that EPA, as |

-- as it appears to me as an outsider looking in, is
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not always free to do what even they may consider to
be best. For exanple, they are told to use the best
science, and yet at the sane tine they are told, as |
under stand, never to relax an existing environnental
standard or limt.

Vel |, frequently those two goal s or those
two charges are in conflict. And | sinply wanted to
rem nd people of that.

The exposure pat hways -- we're | ooki ng at
di rect exposure, you know, through the consunption of
the drinking water. W also will be [|ooking at
i ndirect pathways, such as the irrigation of the
crops, irrigation of pasture, the consunption of
contam nated mlk, and so forth.

The program as Dr. Ryan pointed out, is
a two-day programor two-day agenda. We're going to
be tal ki ng about intake and dose, and in terns of the
net aboli sm of the radionuclides that will be one
subj ect which is generally described in ternms of the
bi oki netics. And we'll be tal ki ng about the dosinetry
of the radionuclides once they're inside the body.

| wanted to comment on the metabolismor
the wuptake of radionuclides in terms of the
complexity. | say the regul ations are conplex. Wll,

all of this work, what we'll be discussing over the
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next two days, is extrenely conplex. Oherw se, we
woul dn't be here discussing it.

Now, one conplexity which several of us
have | ooked at over the past six nmonths or so is in
ternms of the uptake of |odine-129. O course, one of
the key factors is, what is the @ track absorption
coefficient or factor? And, furthernore, what is it

you' re absor bi ng?

Well, we |ooked at 1-129 as a -- one of
the -- it's one of the five radionuclides we'll be
di scussing over the next tw days. And what

stinmulated nmy interest was the NCRP had stated that
| odi ne-129 -- that based on the data that they have
revi ewed t hey do not believeit's carcinogenicinman.
| changed it to in humans. | think they nmeant wonen
as well as nen.

But in so doing, that | ed me and others --
led us to the followng realization. When you
consi der the average nenber of the U.S. public today,
t hey consune iodized salt. 1In fact, | believe it's
difficult to even go to a grocery store and buy non-
i odi zed salt. And they also consune salt inthe mlKk
they drink and fish they eat, and many ot her foods.

Wl |, what does this showus, or what does

this indicate? One of the things it indicated was
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that if you take the total anpbunt of stable iodine
t hat the average nenber of the U S. public consunes
each day, and conpare that to the maxi mum anount of
iodine as represented by 1-129, it will be in the
groundwat er and consuned by t he public over the first
10,000 years projected dose estimates for this
repository, the ambunt of stable iodine will be nore
than two billion to one, the quantity of radi oactive
i odi ne.

And the nere fact is the ratio of
stabilized to radi oactive iodine in your thyroid can
never be |ower than that in your diet, regardl ess of
whet her you eat a carload of this food per day or two
grans or two pounds, whatever atypical daily diet is.

Now, what we hope to | earn over the next
two days, in terns of biosphere assessnents, is to
hear what the NRC expects and is going to require,
what the DOE response is to those expectations, and if
there are issues -- and | know the DCOE and NRC have
jointly resol ved many i ssues that have devel oped.

But to the degree that during the next two
days we can hel p resol ve any i ssues, then nore to the
good. W certainly want to do that. And during the
two days there will be opportunities, of course, for

public coments.
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Furthernore, there will be interactive
sessions as well as formal presentations. And if the
ACNWand t hi s panel of consultants is anything |ike I
know t hey are, there will be lots of interaction and
| ots of questions. And we encourage that. And so we
want to ask questions such as those shown on the
boar d.

Now, what key factors govern intake?
These are ot her questions that we want to tal k about.
Vhat are their associated conservatisns and
uncertainties? And | ooking on one half of the bal ance
-- in other words, can we quantify the conservati sns,
and can we quantify the uncertainties?

And | woul d just mention a couplethat are
wel | known -- a coupl e of conservatisns that are well
known to certainly everyone sitting around this table.

The first one is that neptunium
pl utonium and anericiumall have reasonably or very
| ong hal f-1ives, radi oactive half-lives, and they al
have rel atively long half-lives in the body. 1In other
words, their retention -- their biological half-life
is very long.

And if you use Federal Guidance Report
Nunber 11, or Federal Gui dance Report Number 13, and

estimate the commtted dose, in one case you use 50
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years, in the other case you use 70 years, you'll find
that nmost of us -- and | am probably the nost
prom nent exanple at the table -- will die before ny
50 or 70 years take -- fully occur.

In other words, if | ingest plutonium
today, they' Il tell nmethey' Il project 50to 70 years.
Wel |, although I hope against it, | sort of doubt --
| may not be here in another 70 years.

Furt her nor e, al | of t hese dose
coefficients -- and Keith Eckerman can correct nme if
" mwong, and he -- as Dr. Ryan points out, he is the
nunber one person, certainly, worldwideinthis field.
But anot her point is those dose coefficients are based
upon acute i ntakes. Well, the intakes that we project
for Yucca Mountain will be chronic, lowlevel, drink
alittle bit of water each day, eat a little bit of
contam nated food each day.

Well, that will give us a factor of two
conservatism and so will this long half-life that I
previously described will give us a factor of two
conservati smns.

And we want to talk about t he
uncertainties, we want to address the questions onthe
slide, we want to know how real i smcan be achi eved as

urged by Dr. Diaz, and we also want to know the
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i mplications of these conservati sns and uncertainties
interns of reasonabl e expectati on, which is what the
USNRC i s aski ng t hat DOE denonstrate. |n other words,
a reasonabl e expectation that the repository wll
perform in a mnner so as to conply wth the
regul ati ons.

Internms of uncertainties, we throwthese
on the board or on the slide just for vyour
consi deration. Afactor of two, such as those that --
the two itens, exanples that | described, are
interesting, but in general they are well within a
reasonabl e range of uncertainty, and they are well
within a reasonabl e range of certainty. So they are

of interest, but they are certainly not going to be

dom nat ed.

Now, if you have an uncertainty in a --
within a range of a factor of two to 20 -- or 10 to
20, excuse ne -- we certainly should pay attention.

| f we have a factor of uncertainty of as nmuch as 100,
that certainly needs to be addressed.

Now, in terns of that |ast one, a factor
of 100 uncertainty, oneitemthat is of interest to ne
-- and | "'msure it has been a real challenge to DCE - -
is to evaluate the uptake of plutonium because,

again, if you look at FGR 11, Federal Guidance
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Report 11, it points out the absorption factor or the
dose coefficient for sol uble plutoniumis nore than 50
times that for insol ubl e plutonium sinply because you
don't absorb as much of the insoluble.

Vell, if you multiply that by either one
of the other two factors of two that | illustrated,
you have a factor of 100 or so, either conservati smor
uncertainty. And, infact, with plutoniuml gather to
some degree it's an uncertainty. I n other words,
maybe the plutoniumis there as a colloid, but is it
i nsol uble or soluble, and so forth.

So none of this is easy. W're not here
tocriticize people. W're heretolearn what's going
on, to seek the truth, and to be of assistance if we
can.

This one we can go over pretty rapidly.
VWhat is it? The key factors that govern netabol i smor
bi oki netics and dosinetry. W want to know as nuch as
we can about the magnitudes, and so forth, want to
know what can be done to reduce these uncertainties.
And that's where, again, we reflect back to our
sci ence and technol ogy panel, as well as to ongoing
research that DCE has underway. They are trying to
reduce t hese -- the magni t udes of these uncertainties.

Day two we' re goi ng to be hearing fromthe
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NRC, and |' mvery excited awaiting that presentation.
It's called or titled "The Ri sk |Insights Perspective
or Initiative." And in reality, for the |ayperson
such as nyself, what they're going to do, as |
understand it, is |list sone of the conservatisnms and
t he uncertainties, and they' re going to quantify them
or rank themin terns of their inportance. So to ne
that is a very inportant item

And then there's going to be anple
opportunity for stakeholder input, as Dr. Garrick
poi nted out, and we're going to hear the perspective
of the NRC s Ofice of Nuclear Regul atory Research.

And so with that, | believe that's the
| ast slide. No, here's one nore.

Well, we will have the panel discussion.
And, again, |I'm very much |ooking forward to the
panel 's di scussi on, because, again, hopefully | can
gai n concepts, ideas, which | will take back to the
sci ence and technol ogy panel for DOE. And at the end
of the day, we'll al so have an opportunity for public
coment s.

So | personally am|l ooking forward to an
exciting two days.

Thank you, M. Chairman.

VI CE CHAI RVAN RYAN: Thank vyou, Dr.
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Mbel | er .

W have a few mnutes before our first
presentation for corments fromnenbers of the panel.
And | guess we'll just start at Dade's right and go
down and of fer you a chance to make any conments or --

DR. ECKERMAN: Dade nentioned a nunber of

things related to the information in Federal

Gui dance 11 and -- well, 11 and 13, and there are sone
points there that we'll need to expand and discuss
further.

Sonme of the issues aren't quite as -- as

clear cut, and there's a great nunber of options, of
course, available for further analysis. So | think
that's -- that's one that we'll cone back to. But |
t hi nk your -- your characterizati on of where we shoul d
put our focus in our -- in the deliberations and in
our thinking, as well as t he gui dance you' ve suggest ed
to us with respect to | ooki ng at the magni tude of the
uncertainties and focusing on those that are
significant, they are going to be very hel pful.

VI CE CHAI RVAN RYAN: Thank vyou, Dr.
Ecker man.

Dr. Kocher? kay. Nothing yet.

John Till? Dr. Till? No.

DR TILL: No.
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VI CE CHAI RVAN RYAN: No, sir? No? Dr.

Thor ne?

DR. THORNE: | think just to pick up from
one or two of Keith's points, | think there is an
i nteresting questionthat you' ve raised, whichisthis
busi ness of doses to infants and children.

| think perhaps a useful discussionisthe
di stinction between conpliance cal culations that are
relevant directly to the rule, and supplenmentary
cal cul ations, which I think the question of infants
is, to inform nenbers of the public about what the
i ssues are and howthe uncertainties and di stinctions
ari se.

And | think in some ways the question of
| odi ne-129 cones into the sanme framework. It's an
i ssue that we | ooked at in the British programfor the
Nyrex repository, where we asked exactly the sane
guestion about sources of iodine in the environnment
and the fact that salt intakes were typically of the
order of 50 percent of total intakes, and, therefore,
application of aspecific activity nodel inthe sinple
sense overestimated. But the degree of conservatism
was of that order of factor, too.

| think there are sone other questions

t hat one shoul d ask about whether it's proper to make
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conpari sons bet ween t he radi onucl i de cont ent expressed
on a mass basis and the stated content on a nass
basi s. | think that has the potential to confuse
rather than to elimnate, if you are tal ki ng dose and
risk terns. But we -- so we have -- it's a useful
conparison, but it has to be used fairly carefully I
t hi nk.

VI CE CHAI RVAN RYAN:  Any ot her opening
comrent s?

Dr. Meller, are you ready to go?

Ckay. |If we could turn our attention for
our first presentation, please. Qur first speaker is
Dr. Keith Conmpton, who wll talk about the
i ntroduction of biosphere dose assessnents, the
framewor k and process for the U S. Nucl ear Regul atory
Conmi ssi on staff reviewof a potential Yucca Mountain
i cense application.

Dr. Conptonis wththe SystemPerformance
-- he's a Systens Perfornmance Anal yst in the Division
of Waste Managenent, and he is nmoving quickly to the
podi um

DR. COWTON: |If you don't mnd, I'll ask
to stand while | nake ny presentation.

VI CE CHAl RVAN RYAN:  Sure.

DR.  COVPTON: Al right. I'd like to
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i ntroduce nyself. Again, ny nane is Keith Conpton.
|"'ma research addition to the Perfornmance Assessnent
Section. | started in Septenmber. And | have spent
the last five years in Austria at the Internationa
Institute for Applied Systens Anal ysi s doing a variety
of risk analyses. | amvery happy to be here at an
interesting tine for performance assessnent.

Today | wuld |ike to review the
regul atory requirenments for dose assessnent that are
laid out in Part 63 of the rule. And after | review
those requirenents | would | i ke to discuss the review
process that is laid out in guidance contained in a
docunent called the Yucca Muntain Review Pl an

Now, | would like to acknowl edge at this
point that the commttee has far nore expertise and
know edge of this than | do. |'mprobably not going
to tell you nuch that you don't already know

However, it woul d be useful at this point
to start with a discussion of the requirenents in the
regulation to provide a background for the ensuing
di scussions that we will have over the next few days,
and also to ensure that there is at | east sone basic
| evel, a common | evel, of understanding for nenbers
and participants who were not part of devel opnent of

the rule or of the Yucca Muntai n Revi ew Pl an
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The first part of ny talk will be to
provi de the regul atory franewor k. These are cont ai ned
in Part 63.

The second objective of nmy talk is to,
again, as | nentioned, to discuss how the NRC staff
will ensure that those requirements are net. And,
again, those are -- the guidance for those is largely
in the Yucca Muuntain Review Pl an

One thing that | want to enphasi ze at the
beginning is that the objective of ny talkis only to
descri be t he regul atory f ramewor k and t he
requirenments. | will not be going into the underlying
rationale or basis for the rules in this talk.

Next sli de.

"1l cover theregulatory framework i nthe
first three bulleted itens. The first thing that |
would like to talk to are sonme overarching concepts
t hat connects the area of dose assessnents to the
| arger process of reviewi ng the Iicense application.

Next | sinply want to provide a rem nder
of what the quantitative perfornmance objectives are.

Third, | want to discuss the nature and
scope of information that nust be submitted by the
Departnent of Energy. And particularly I'mgoing to

focus on identifying the elements that are specified

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

35

by the rule.

The fourth part of nmy talk i s a di scussi on
of our review process.

And then, finally, of course, I'll close
with a sunmary of what |'ve said.

The first concept that | would |ike to ask
the participants to keep in mnd is that the
regul atory process is a nulti-step process that
antici pates the devel opment of newinformation. It's
aniterative process, and there will be opportunities
to incorporate new and evolving information into
regul atory deci si onnmaki ng prior to pernmanent cl osure
of the repository.

Next sl i de.

The license application will require a
safety anal ysis report. A key aspect or a key el enent
of the safety analysis report is a quantitative
performance assessnent, and two of the major el enents
or attributes of the post-closure performance
assessnments are identification of barriers and a
quantitative estimtion of the performance of the
repository.

Today | am only going to focus on the
second of those two, the quantitative estimtion of

performance. And | would |i ke to acknow edge t hat the
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guantitative performnce assessnment is only one of
several elenments that are required as part of the
i cense application.

The final general concept that | would
like to bring to your attention is that of reasonable
expect ati on. And this concept acknow edges that
absol ute proof of conpliance is not possible inlight
of the large uncertainties associated w th nmaking
| ong-term projections.

O particular i mportance t o bi osphere dose
assessments are the very large uncertainties
associ ated wi th future human behavi or. And because of
t hose uncertainties, the Nati onal Acadeny of Sciences
recoormended in their technical basis for Yucca
Mountain standards that certain aspects of the
performance anal ysi s -- of the performance assessnents
be specified in a rul emaki ng process. And, again,
it's those aspects that |I'm going to bring up and
identify.

Just a remnder as to what the
guantitative performance objectives are. There are
three in the rule. The first is an individua
protection standard. The exact words are contained in
t he backup slides. I'm not going to read the

definitions. 1'mgoing to -- to sumarize those.
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First, there is an individual protection
standard, which is 15 mllirens per year. |It's an
al | - pathways dose from an undi sturbed repository.
There is a quantitative performance objective for the
human i ntrusion scenario. That is alsoal5 mllirem
dose from all pathways, but it is resulting froma
stylized intrusion scenario.

And, finally, there are separat e st andar ds
for the protection of groundwater. Those specify
concentrationlimts for al pha-em tting radi onucli des.
There is a dose standard associated with beta- and
photon-em tting radi onuclides of afour mlliremorgan
dose.

Turning to how dose assessnent fits into
t he overal | quantitative perfornmance assessnents, this
slide illustrates the concepts of dose assessnent as
a process that conbines the characteristics of the
reasonably maximally exposed i ndividual. In the
future, | may refer to that as the RVElI, because it's
difficult for me to say that phrase too frequently.
So if I nmention RVEI, then that's what |I'mreferring
to.

It conbines the characteristics of the
RMElI and t he characteristics of the bi ospherewi th the

environnental concentrations that are the result of
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t he precedi ng performance assessnent cal cul ati ons and
uses those to compute a dose to the reasonably
maxi mal | y exposed i ndivi dual, and that conputed dose
is then conmpared to the quantitative performnce
objectives in order to nake a judgnent of whether
conmpl i ance can be denonstrat ed.

Now, as | mentioned, there are two mmj or
aspects to dose assessnent. It is identifying the
characteristics of the RVEI and t he characteri stics of
t he bi osphere. In the rule, the characteristics of
the reasonably meximally exposed individual are
specified on the slide.

Sone things that I'd like to draw your
attention to is that the location of the RMVElI is
specified in the rule. The diet and lifestyle are
specified to be typical of the current inhabitants of
Amar gosa Val l ey. The average concentrations in well
wat er used to determ ne doses are based on reasonabl e
estimate of water demand, and, finally, as has been
mentioned, the RVElI is specified to be an adult.

DR, MOELLER  Excuse ne. Can we --

VI CE CHAI RVAN RYAN: Sure.

DR. MOELLER In your bullet there on the
previous slide that has the diet and the lifestyle

representative of the current popul ati on of Amargosa
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Valley, as | recall it says resident of the town of
Amargosa Valley. And |'mnitpicking, but to ne there
is a difference in the two.

DR. COWTON:. Yes, sir, | believe that's
correct. Thank you.

My next slide -- the other major aspects
of the performance assessnents -- or the dose
assessments is to apply characteristics of the
bi osphere. And again, as nmentioned, the factors that
are associated with human behavior are inherently
difficult to predict due to the lack of a long-term
hi storical record, the | ack of a scientific basis for
predicting those characteristics far into the future.

And, therefore, thosearefixedbyruleto
be constants and consistent with conditions at the
time of the license application. On the other hand,
t he factors associ ated with the physi cal environnents
can be estimated in a scientific way on the basis of
a long-termrecord. And those, therefore, nust be
varied in a cautious way and nust be defended on their
technical basis, on their scientific basis.

Now, finally, [ 11 di scuss t he
requi rements of the performance assessnent that nust
be included in the safety analysis report. 1In the

rule, DOE is required to provide the technical basis
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for their choice of the scenarios to be anal yzed and
t he nodel s used to anal yze them They nust account
for uncertainties, and they nust consi der alternative
concept ual nodel s.

O particular inportance, again, to
bi osphere is that these analyses are limted in
i nportant areas by the regulation in Part 63.

Now, the guidance as to whether these
requirenents are net are laid out in the Yucca
Mount ai n Revi ew Pl an, which is -- next slide, please
-- which I wll turn to. This brings us to the
process by which the NRC staff wll review the
i nformati on that has been submitted as discussed in
t he previous slides.

| want to point out onthis slide that the
Yucca Mountain Review Plan and the use of risk
insights is a conplenentary approach. The Yucca
Mount ai n Revi ew Pl an provi des gui dance on t he subj ect
matter and the review process for staff review of a
potential license application. The risk insights are
used, on the ot her hand, to determ ne the depth of the
revi ewof the information provided and will al so gui de
the NRC staff in devel oping requests for additiona
information, if those are determ ned to be necessary.

|'d like to rem nd nenbers of the pane
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that TimMCartin has recently discussed the rol e and
use of risk insights and technical exchange on the
| evel of design detail. And, furthernore, Patrick
LaPl ante is going to be providing a discussion or an
exanple of the use of risk insights in agreenent
resolution in a prelicensing phase.

Wthin the Yucca Muntain review plan
there are sections that describe how to review the
i mportant nodel abstractions, and the bi osphere dose
assessnent i s one of theinportant nodel abstractions.

The areas that we will review are listed
on the slide, and they include, for exanple, a review
of DOE' s description of the Yucca Mountain sites and
t heir description of the reasonably maxi mally exposed
i ndi vidual and the reference biosphere.

We will | ook at howwel | features, events,
and processes that affects the potential for

conpl i ance have been characteri zed, and the extent to

whi ch those affect waste isolation. W will | ook at
an eval uation of the uncertainty in both -- both data
uncertainty and nodel uncertainty. And we wll

anal yze the extent to which the anal yses provi ded by
the Departnent of Energy has been supported by
obj ective conpari sons.

The revi ew net hods that are in the Yucca
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Mountain Review Plan are -- have been devel oped in
order to provide a detailed review of the |icense
application, if that should be necessary. The
acceptance criteria in the review plan are based on
neeting requirenents for perfornmance assessnent and
the extent to which the analysis conplies with the
requirenents that are laid out in the rule.

Ther e are many speci fic detail ed questi ons
that are laid out in the review nethods. " m not
going to go through the several -page list of those
questions in detail. I"ve tried to pick out sone
typi cal types of questions that are asked in the Yucca
Mount ai n Revi ew Plan. And the determ nati on of -- or
t he acceptance criteriaessentially consistsinmaking
determ nation that these questions can be answered
affirmatively.

And a few exanpl es under -- going back to
the areas that | had di scussed in the previous slide,
under systemdescription, with respect to consi stency
we would verify that the reference biosphere is
consistent with arid or sem-arid conditions. For
nodel integration, an exanple is to ensure that the
physi cal and chem cal properties of radi onuclides are
consi stent with assunptions inthe other abstractions.

For data justification, paraneter val ues,
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such as the plant uptake factors or mass | oadi ng, are
consistent with the site characterization and are
technically defensible. Onthe other hand, behavi oral
paraneters of the RMEI shoul d be consistent with the
definition in the regulations. That is, that they
should be based on present know edge of the RME
behavi or.

For data wuncertainty, an exanple of
somet hi ng that we woul d | ook for is that correl ati ons
between infant values have been appropriately
established in the total system perfornmance
assessnments. An exanpl e on nodel uncertainty is they
shoul d provide evidence that they have considered
alternative nodels -- for exanple, nodels of soil
resuspensi on.

And, finally, an exanpl e for nodel support
is that we should ook at -- to whether the results
fromDOE s performance assessnents have been conpar ed
and are supported by alternative nodel i ng codes, such
as GENII.

This brings me to the end of ny talk
Again, | have tried to in the tal k point out that many
of the characteristics of the reasonably maximally
exposed individual and the reference biosphere that

are used in the dose assessnent are specified by the
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regul ation, and, furthernore, that the Yucca Mountain
Revi ew Pl an, together with risk insights devel oped by
the staff, wll guide NRC review of the DOE s
bi osphere attraction.

And that's the end of nmy presentation. |f
anyone has any questions, |'d be happy to answer them

VI CE CHAI RVAN RYAN: That's great. I
think what |'d like to do is just to kind of get our
order. W' ve got the panel here, and what | woul d ask
is that the panel first express their views or
guestions, and so forth, and then we'l|l ask nmenbers of
the ACNWto have questions and comrent as well.

So I'"lIl turn the first part over to you,

DR. MCELLER  Ckay. John? John Till?

DR, TILL: Just two clarification
qguestions, because | have other things to tal k about
t onorr ow. One, Keith, is since you are taking a
probabilistic approach to estimating the dose to the
RMVEI -- in other words, you're going to come up with
a distribution of possible doses to that individual,
correct?

DR COWPTON: That's correct.

DR TILL: Okay. Does the standard

speci fy where on that curve you nake t he conparisonto
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the .15 mllisievert?

DR. COWPTON: Yes, sir. That's inthe --
i n DOE' s performance assessnents, it is specifiedthat
t he val ue shoul d be t he nean val ue, t he expected val ue
of that dose curve. However, it's the peak within a
10, 000-year period. So at each tinme period w thinthe
conpl i ance, you estimate the average or the expected
dose, and then it's the highest of those that will be
used to determ ne --

DR TILL: Ckay.

DR. COWTON: -- to conpare

DR, TILL: Okay. The other questionis --
and this goes back to the issue of adult that you
rai sed earlier, Dade. Are these the standards that
wer e mandat ed by EPA? In other words, is this the way

t he standard cane from EPA, that it was an adult?

DR. COWTON: | believe that's correct.
|'"d like to -- because |'ve only been here a short
time, 1'"d like to make sure that | don't m sspeak and

ask Tim nmaybe to --

DR. McCARTIN  Actually, we're the ones
that put the adult in Part 63. The EPA standard did
not specify --

DR TILL: Ckay.

DR McCARTIN -- in adults. It was done
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in our statenents of consideration. W believe the

dose limt is predicated onalifetimerisk, limting
thelifetinerisk andthat -- that imt is protective
of all individuals and the environnent.

DR TILL: We'll come back and di scuss it.
Actual ly, | agree with that, but that was a surprise
to me.

DR. MCELLER: Well, thank you. Any other
guestions? Dr. Kocher?

DR KOCHER: I'dliketo hear alittle bit
nor e about the definition of the reference bi osphere,
because in Part 63 it seened |like the definition was
pretty skinpy.

DR. COWPTON: Wl --

DR. KOCHER: Maybe ask the question a
different way. VWhat elenents of the reference
bi osphere have you defined in regul ati ons?

DR. COWTON: Wel | the reference bi osphere
is -- are -- is defined largely as | presented it.
There are not specific elenents of that that are
defined in the regulation. It essentially says that
certain paraneters shoul d berel ated to human factors,
shoul d be hel d constant and consistent with the tine
of license application, and that the factors rel ated

to the physical environnment should be varied. There
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is--intherulethereis not nuch nore specification
in the regul ation.

DR. KOCHER: So absent humans, really, the
only specification of the biospherein the regulation
is the sem -arid/arid conditions?

VI CE CHAI RVAN RYAN: | think if you put up
slide 9, that m ght help.

DR. KOCHER: O | guess there may be
somet hing i n there about, you know, assum ng the ki nd
of biota and soils that you have at the present tine,
sonething |ike that.

DR. COWTON. | believe that's correct.
For t he physi cal environnment, that woul d be consi st ent
with the sites and consistent with what is -- |I'm
sorry. Yes. The factors that are related, for
exanple, to the flora and fauna shoul d be consi stent
with the current know edge. Factors such as clinate
can be very cautiously but reasonably -- | don't know
i f that answers your question.

DR. KOCHER: Well, 1 assune you want to
give the | i cense applicant sone | eeway here and not --
unl ess -- | nmean, one thing we can di scuss during the
two days is, you know, to what extent do you really
want a stylized calculation here for everything.

That's a possibility.
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DR. COVPTON: Wel |, the reference

bi osphere is not intended particularly for the
physi cal environment to generate a stylized
cal cul ati on. It's like any license application
review. It would -- they would have to defend it.
They woul d have to provide their description of the
bi osphere.

They have to cone in and describe -- and
present their characterization, and then the staff
woul d review that and determ ne whether they were
technically justified. And that's, in contrast, a
nore stylized cal cul ati on that cannot be defended or
justified on the basis that it's generic.

| think this also may be an area where
risk insights would be used to -- aspects that were
important to dose would need to be fairly solidly
justified. For exanple, the use of national kind of
generic data on rainfall or infiltration would not be
appropriate. You woul d need to get nore site-specific
dat a.

But many of that -- nmuch of that will --
woul d determ ne as to what -- what the Departnent of
Energy submitted and that woul d be revi ewed based on
our knowl edge of the sites and our use of risk

insights to determ ne whether that was an adequate
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characterization.

VI CE CHAl RVAN RYAN: Keith, | think -- 1
appreci ate your -- Dave, | mean. Excuse ne. Dave, |
appreci ate your question. |f you do |ook at slide 9,
| think there's two parts to your question. The first
is what we just talked about, which | think Dr.
Conpt on has told us about, but alsoto me this is the
stylized part, where the water use and what devel ops
the concentration then is assessed, and the
environnent is also kind of a second part to that
guesti on.

So | guess let's keep your question in
m nd, because | think as we hear information over the
two days we'll probably revisit that fromtinme to
time. That's a good start.

Yes, Dr. Thorne.

DR. THORNE: Could | just cone back to
this? Because | think the concept of reference
bi osphere has a long history in sonme international
di scussions in biomass. And | was partly responsible
for this, so |l can talk to this briefly.

The idea originally, | think, was that
ref erence bi ospheres woul d be very nuch |'i ke reference
man. There was a well-defined, highly-specified

entity.
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And | think there are sone people in the
i nternational community who believed in a one size
fits all biosphere, that we would sinply plug this in
as a nmeasuring instrument in the back of an
assessment, and it wuld turn all of these
radi onuclide fluxes into a dose. And that's what
you' d conpare with conpliance standards.

| think it was fairly rapidly realized
that one size didn't fit all, and that, therefore,
what cane out of biomass was very nuch a net hodol ogy
that the applicant would use to define a reference
bi osphere for their particular assessnment and their
particul ar context.

And | think that's what we're seei ng here,
that there are high-level rules given here for
identifying the reference biosphere, but it is not
prescribed in detail. I1t's for the applicant to work
through their methodology and for the reference
bi osphere to energe from that to then be suitably
audi ted and revi ewed.

VI CE CHAI RMVAN RYAN: Thank you

Ti nf

DR. McCARTIN. TimMCartin. Actually,
couldn't have said it better than Dr. Thorne. And

that really was the intent of the rule. And as Keith
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poi nted out, the one direction very strongly fromthe

Nati onal Academnmy of Sciences that -- in terns of
specul ati on of human behavior, etcetera, in the
portion of the reference biosphere, that -- when we

describedit, that's what we were trying to el i m nate,
as Dr. Kocher said, absent humans. And so fix it on
what peopl e are doi ng t here today and do not specul ate
on what mght happen in the future wth humans,
because it's kind of an endl ess possibility.

DR. MCELLER: 1'd like to pick up on Dr.
Till's corment about the adult. |, too, was intrigued
that it was not in EPA's standards as far as | could
tell. And |I'mpleased to hear that the NRC -- that
that's the source of the word for the adult.

That rai ses another question in nmy m nd.
When | first was asked to conme here today, |, of
course, read the regul ations, and so forth, and tried
to learn as nuch as | could to prepare for the
neet i ng. And the first conclusion -- or first
assunption | made was that the USNRCis |icensingthis
repository, and | believe I'm-- you know, they're
either to license it or not. They're review ng the
appl i cati on.

Well, that being the case, then the NRC

has Title 10, Part 20, which | read it and it says it

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

52

applies to all USNRC |licensees. Wll, so | did sone
dose estimations using Title 10, Part 20, and | was
pl eased to see that it had special considerations of
infants and children, and so forth.

And then, | don't renenber where | heard
it, but I suddenly was told, "Well, no, we're not
going to use Part 20. W' re using Federal Guidance
Report Number 11." Vell, | thought, well, now, I
wonder why, and | began to realize that one
justification at | east was that it's for an adult, and
RVEI is an adult. So that nakes sense.

But, and it has al so been approved by t he
President, and |'msure many others can tell nme a | ot
nore about it. But then | wondered, well, in terns of
best sci ence, | wonder what Federal Gui dance Report 13
says in terns of dose estimates. |In other words, if
there's flexibility in what dose coefficients we use,
then I want to know what the doses are using any type
of gui dance.

| even went back and did the cal cul ati ons
for Handbook 69, because t he dri nki ng wat er standards
say that Handbook 69 shall be used. Well, when
t hey' ve noved t he dri nki ng wat er st andar ds and appl i ed
them to the groundwater standards | thought, well,

t hey noved the whole thing. WelIl, apparently not.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

53

Let me close by comenting -- when |
| ooked at Federal Gui dance Report Nunber 13 appliedto
dose coefficients, and we're talking today and
tomorrow about t echnetium i odi ne, nept uni um
plutonium and anericium well, if | |ook at those
|ast three alpha emtters, the doses in Federal
Gui dance 13 are a factor of 10 -- four to 10 | ess than
t hose in FGR 11.

Well, that's prettyinportant, at |east it

seens to ne. |s there anyone who wants to -- John
pl ease.

DR TILL: Well, | assunme we don't want to
get on a discussion of that right now | understand

t he philosophy of using the adult for prospective
cal cul ations. And the bottomline is we are nmaking --
we are setting a standard based on a lifetine
exposure, and | think -- well, we really nmess ourself
up with this by not naking it clear why.

It's based on lifetime risk. AmI right?
And, therefore, it ought to be an adult in ny view

So | think the problem Dade, is not wwth the -- with

t he phil osophical basis. | think the problemis the
way the standards are witten. | think we've gotten
ourself in a ness with that. W'Ill cone back to it

and maybe tal k about it sone nore.
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VI CE CHAl RMAN RYAN: Yes. | think we have

some spots on the agenda, particularly |ater today,
where Dr. Eckerman is going to | ead us through these
vari ous dose calculation sets. | think the general
point that strikes me is that dose conversion factors
are not necessarily in an absolute vacuum They're
done for a purpose, and they're done wunder a
particul ar scenario, and keeping that straight is
i mportant.

You know, for exanple, ICRP 30 is limts
of i ntakes of radionuclides by workers. And we forget
t hat "by wor kers" has sone very specific inplications
of how things are calculated and how things are
estimted, becauseit's inthat context. So hopefully
we' Il el ucidate sonme of those details as we go t hrough
t he next coupl e of days.

But | think whether it's -- it's the dose
conversion factors or other aspects of either the
specific data that we'll hear about alittle bit from
DCE, or whether it's the evaluation tools, we have to
keep in mnd sone of the things that you just
nment i oned, John, and ot her informati on, and hopeful |y
we can sort through t hat over the next coupl e of days.

Dr. Thor ne.

DR THORNE: Per haps one nore general
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point to |lay down. Reasonably maximally exposed
individual -- and | lay a little stress on the | ast
wor d, because when | | ook at the cal cul ations that are
done in characteristics of the receptor, | see four
popul ati on groups pi cked out fromthe Amargosa Val | ey
popul ation, and then | see the results cal cul ated as
an average over those groups. And | think 1'dlike to
expl ore at sone poi nt whet her we have genui nely got an
i ndividual related standard here or a popul ation
average rel ated standard.

VI CE CHAI RVAN RYAN: Thank you.

Any ot her questions from panel nenbers?
Yes, Tim

DR. McCARTI N:  Just one quick comrent on
that. TimMCartin, NRCstaff. | forgot to introduce
nyself for the reporter before.

The rule does say -- and EPA specified
this -- that the RVEI is a hypothetical person. So,
and that's why, you know, it's not an individual.
It's a hypothetical person wth these average
characteristics.

VI CE CHAI RVAN RYAN: Thank you.

Questions from-- coments fromconmrittee
menbers? Dr. Garrick?

CHAI RMVAN  GARRI CK: ['d just nmake a
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comment. | was very pleased to hear Dade Mel |l er put
as much enphasi s as he di d on under st andi ng as best we
can the uncertainties, because this conmittee has been
accused of being obsessed with uncertainty. Andit's
nice to have an outsider cone in and nake a simlar
coment .

The one thing that |I think we really woul d
like to learn fromthis exercise the next couple of
days i s get sone insights onthe relative contribution
touncertainty of the uptake calculationitself inthe
bi osphere. This conmttee has heard a | ar ge nunber of
presentations on uncertainties associated with the
novenent of the material out of the waste package and
into the biosphere. And there has been a trenmendous
anount of information discussed, presented, and
chal l enged in that area.

Wat we're really hungry for is nuch
better insight with respect to the health effects
nodel , which hasn't beeninthe spotlight very nuchin
t he course of the discussions over the | ast coupl e or
three years. So |' mhopeful that one bottomli ne that
we get out of this is sone sense of what the relative
contribution is.

Wen we see, finally, a bottom line

cal cul ation of a distribution of maxi num averages of
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t he dose, that we have sonme sense of how nuch of that
uncertainty distribution is comng from tw major
components -- nanely, the health effects nodel on the

one hand and the transport of material on the other

hand.

VI CE CHAI RMAN RYAN:  George?

MEMBER HORNBERCER: Just one quick
comment, again, followi ng up on what John said. It
also -- | think that we probably all agree, but just

for the record, it strikes ne that if a cal cul ated

dose is one mllirem per year, a factor of 100
uncertainty could be inportant. |f a cal cul ated dose
is10® mlliremper year, afactor of 100 uncertainty

may not be of much inportance.

MVEMBER WEI NER: | just have one very
sinpl e question. What's the difference between
cauti ous and conservative?

DR. COMPTON: | amgoing to try and defer
that to McCartin, to nake sure that | don't m sl ead
you.

DR. M CARTI N: | don't think that's a
sinpl e question, really. But anyway, | don't see nuch
di stinction between the two words.

MEMBER VEI NER: Wl I, then --

DR. M CARTI N: | nmean, | would have to
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have a particul ar context or something nore | guess to
draw a di stinction between cautious and conservati ve.
In a public nmeeting, | would say for the general
public it's -- they nmean the sane.

MEMBER VEINER:  Well, then, I'd hark us
back to what the Chairman said and what Dr. Mbeller
reiterated, that we need to look at realism --
realistic scenarios rather than conservative ones.
And | was just hoping that we were not sinply using
cauti ous as a synonymfor conservative. But | guess
we are.

DR McCARTIN:. Well, wi thout npre context,
to ne the words are very simlar.

MEMBER WVEI NER:  Ckay.

DR. COWPTON: | will just add that thisis
somewhat di scussed and possibly addressed in the
concept of reasonabl e expectation, which -- in which
it'srequired to focus performance assessnents on the
full range of defensible and reasonabl e paraneter
values. So | would just offer that as something to
t hi nk about .

VI CE CHAI RVAN RYAN: Dr. C arke?

MEMBER CLARKE: Just one qui ck questionto
clarify my own under standi ng. Your first backup slide

that you didn't show speaks to the requirenent to
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cal cul ate a peak dose after the conpliance period.

DR COVPTON:  Yes.

MEMBER CLARKE: There i s no correspondi ng
standard for that dose. |Is that correct?

DR. COWPTON: On the -- are you saying the
second bullet?

MEMBER CLARKE: Yes.

DR. COWTON: No. This is -- if the --
this goes to the question of when the peak dose
occurs. |If the peak dose occurs after the 10, 000-year
conpl i ance period, it nust be cal cul ated, but thereis
not -- as you point out, there is not a conpliance
standard associ at ed beyond t he 10, 000- year conpl i ance
peri od.

VI CE CHAI RVAN RYAN: Thank you.

Any ot her questions? Yes, Dave.

DR.  KOCHER: This is not 100 percent
related to what we're about, but | do think there is
potentially some confusi on about what the groundwat er
protection standards really are. The standard for
bet a-gamma emtters is not four mlliremto whol e body
or any organ. The standard is the MCLs that the EPA
publ i shed back in 1976 or '77.

The four mlliremis a shorthand so that

you can get the standard into a single table. But
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you're not -- you don't have the | eeway, for exanpl e,
to choose a different set of netabolic nodels to
cal cul ate a concentration in water. The standard is
the MCLs, and the reason they did that is because the
operator of a munici pal water systemhas to be able to
j udge conpliance. And he can't sit there with his
| CRP dose calculator. He measures radioactivity in
wat er .

VI CE CHAI RMAN RYAN. Dave, you used the
termthat four mlliremis a shorthand. Wuld you
tell everybody what that neans, please?

DR. KOCHER  Well, as Dade pointed out,
the rule says that the standard for beta-gamm
emttersis acertain dose, andit's four mlliremto
whol e body or any organ. But that sanme statenent
prescribes howyou shall go fromthat dose standard to
a concentration in water.

You shal | assune two |iters per day i ntake
of wat er, and you shal |l assune t hose coefficients from
NBS Handbook 69, which is ICRP 2 vintage. And so the
real standard, the real operational standard, is the
MCLs that are so cal cul at ed.

VI CE CHAI RMAN RYAN:  You know, | think
that's -- that's really an inmportant point, because

t hat gets back to what Dr. Thorne tal ked about | think
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earlier isthat -- that's a prescribed cal cul ation or
a prescri bed val ue conpl i ance denonstration. But that
may or nmay not refl ect the 40 years of netabolic nodel
i mprovenents fromthat point forward.

Sol think it's hel pful to point that out
as we go along. And, again, I'msure Dr. Eckerman is
going to address that. But before he does, let ne go
back behind you to Tim MCartin.

DR McCARTIN: Tim MCartin, NRC staff.
| guess the question | would have, is there a
reference in the regulation that you're referring to
indrawing this reference to MCLs? Right nowthereis
no reference to MCLs. The regulation states --

DR. KOCHER: Yes. This is conplicated.

DR McCARTIN: -- four mllirem

DR. KOCHER: This is conplicat ed.

DR. McCARTIN. Is there a reference you
have in m nd?

DR. KOCHER  The standard prescri bes how
you shall use that nunmber. | nean, | didn't bring
Part 141 with me, obviously. You need to read the --

DR, McCARTI N: It's Part 197 for Yucca
Mount ai n.

DR. KOCHER: Vel |, be careful. We're

going to get off in the weeds here if we're not
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car ef ul

DR. McCARTIN.  Ckay.

DR KOCHER: The standard is MCLs. I
nmean, you're stuck with one picocurie per liter for
| odi ne- 129 whether you like it or not.

VI CE CHAI RVAN RYAN: |'ve got a good i dea.
Let's do a little homework and we'll wvisit this
sonetinme within a couple of days. How s that?

But | think this is an interesting point,
and it -- to ne the thene of the point is that we need
to be real clear about, you know, what's a reference
cal cul ation for t he pur pose of conpl i ance
denmonstrati on and what's a metabolic nodel that nmay
reflect the science of the netabolic nodel, and kind
of sort that out. So let's agree to conme back to that
guesti on.

Any ot her questions or conments? W are
at a point -- thank you, Dr. Conpton. Appreciate it
very nuch.

We, on our agenda, are scheduled for a
break, and | think we'll probably just do that early,
M. Chairman.

CHAl RVAN GARRI CK:  Sure.

VI CE CHAI RVAN RYAN: And we' re schedul ed

for a 20-m nute break, so why don't we come back at,
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say, 9:45 and pick up fromthere.

Thank you.

(Whereupon, the proceedings in the

foregoing matter went off the record at

9:21 a.m and went back on the record at

9:47 a.m)

VI CE CHAl RVAN RYAN: On the record. If we
could cone to order please. W are now schedul ed for
presentations by representatives from the U S.
Department of Energy and the Departnent's overall
approach to conducti ng dose assessnents cal l ed for the
NRC s site specific regulation for Yucca Mountain. W
will have two speakers. First, it will be Dr. Peter
Swi ft of The Sandi a Nati onal Laboratory who's Manager
for Performance, Assessnment Strategy and Scope for
Bechtel SAICfollowed by Dr. Kurt Rautenstauch who is
a Senior Environmental Specialist. Solet meturnit
over to you, Dr. Swft.

DR. SWFT: Thank you.

VI CE CHAI RVAN RYAN: Just before you
begin, | mght add if | could ask everybody in the
audi ence. There are two sign-up sheets behind the
pillar here and if you would sign in please, we'd
appreciate it. Thank you very nuch.

DR SWFT: Is the m crophone working?
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Not working now. Thank you. Well, I'm Peter Sw ft
and ny role here is as the nmanager of the group that
does the total system performance assessnment. |'m
going to give you a very short overview that | hope
will put the rest of the presentation in the DCE in
cont ext .

For many of you, this will be a review of
material. Some of you heard me present it before, but
for some, in particular | think we have sone of our
panel menbers, this is going to be a very short trip
t hr ough a whol e of material that we're not coveringin
this workshop. Then 1'Il turn it over to Kurt
Raut enstrauch and Maryla Wasiolek to actually talk

about bi osphere stuff.

Just by way of background of nyself, |'m
a geol ogi st. If you want to ask of ne, be aware
that's the direction which | cone. I'"ve worked in

performance assessnment for 15 years now. The next
slide pl ease.

A very qui ck review com ng up here of the
current status of the total system perfornmance
assessnment, a summary of the methodol ogy and then a
little bit about the role of the biosphere nodel and
t hose conversion factors that we'll hear nore about,

how t he conversion factors play into the total system
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performance assessnent. Thank you.

A little disclainer here. This is
inmportant. Anything that | present that cones from
the total systemperformance assessnent is old news.
It cones from existing and publicly avail abl e TSPA
anal yses. | apol ogize for using the abbreviation
TSPA, but there it is. There they are back in
Decenmber of 2000. There was a total system
performance assessnent done to support the site
reconmendation. It was updated in the sumrer of 2001
and again in the fall of 2001. Al three of those
formthe basis for the DOE's site reconmendati on.

Then there was further anal yses done in
t he year 2002 which had been reported to this group
and el sewhere. There should at the back of this
handout be a list of references that give you the
proper citations for all those.

| " mnot going to showany results fromthe
nodel s that are currently under devel opnent and I'1|
be pretty limted in how! field questions on those.
Those nodel s are still under devel opnent ri ght now and
we do not have results ready to present yet. Next
slide. Thank you.

Just a quick review here of what is the

total systemperformance assessment process what we're
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doi ng here. Wbrking down these steps here, first we
start of f by screeni ng features, events and processes.
You hear the acronym FEP, to describe those things.
Features, events and processes all those are
potentially relevant to the future performance of the
site. It is in a sense perhaps a philosophically
unbounded 1ist of things. This step is done to
determne those that nust be retained in a
guantitative performance assessnent. [t's an attenpt
to put sone useful bounds on the specul ative |ist of
everything that m ght happen. What are those things
that really matter? There are rules on howto do that
screeni ng whi ch are outsi de the scope of this neeting
probably, but it's done.

Devel op nodel s al ong with our scientific
basi s for each process that was retai ned and i ncl uded.
That phrase along with their scientific basis is of
course where a weal th of scientific research is done.
But from ny perspective in the total system
performance assessnment, years of scientific research
produce a nodel which then goes into the anal ysis.
Qobviously there are many other reasons to do the
scientific research, but that's how they enter into
t he TSPA.

I dentify uncertainty in those nodel s and
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paranmeters. Build the integrated nodel with all the
retai ned processes. And then we cal cul at e performance
for three different major scenario types: a non na

scenario class that contains all the features, events
and processes that are likely to occur that's
essentially certain to occur; a disruptive event
scenario class or classes containing the |ow
probability events, the vol canic disruption, extreme
seismic disruption of the site, those we build
separate nodelings for those and we nodel their
consequences separately.

Thi s wor kshop does not address vol cani sm
or seismc disruption. That's an inportant point to
note. We're limted here to the performance of the
site taking into account those processes and events
and features that are likely to occur. There's also
the stylized human intrusion nodel which again is
out si de t he scope of this workshop, but isrequiredin
regul ati on and deemwe do it.

After the nodels are built for these
scenari o cl asses, we eval uate total systemperfornmance

agai nst the three standards, individual protection,

ground protection, human intrusion. We eval uate
uncertainty in our results from Mnte Carlo
si mul ati on. The nodel here is a series of |inked
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comput ati on codes that can be run, a determnistic
node, each set of input val ues versus a single out put
result. But if yourunit in a Mnte Carlo techni que
with multiple sanple inputs, you get multiple outputs
resulting fromthe uncertainty in those inputs.

And there's a consequences cal cul ator for
each of these scenarios are weighted by the
probability of that scenario occurring and they are
conbi ned. That probability weighting s inportant with
respect to - it's specified in the rule - vol cani sm
and seism c disruption because those are very |ow
probability events. So | arger consequences of those
events get weighted by that smaller probability and
combine wth this nomnal scenario which has
essentially a probability of one of occurring. Next
slide pl ease.

A quick review of what is in the nom na
performance scenario class. It's just a schematic of
what the mountain mght |look like. There's a huge
m srepresentation to scalehere. That's 18 kil oneters
fromhere to there and only several thousand feet from
there to there. Al right.

The repository is in unsaturated zone of
rock here well above the water table. The water table

i s shown down here at the bottom Precipitation that
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falls on top of the nmountain infiltrates through the
surface soil into the rock. It percol ates downward
t hrough the rock i n unsaturated zone fl ow. The water
isnmoving infractures. Sone of it remains trappedin
pores. Sonme of it noves on down through fractures.
In general the rock appears to be dry though wth
rel ative small anmounts of noisture nmoving throughit.
Sone of that water will reach the repository and wl |
under the drifts result in corrosion of the packages,
may result in holes in the packages whi ch woul d al | ow
radi onuclides to be dissolved or transported by as
colloids in that water. That water can then carry
them on down to the water table where they could be
noved out through fl ow ng groundwat er, saturated zone
flow to the hypothetical w thdrawal well where they
woul d enter the biosphere. Next slide please.

This and t he next slide arein here nostly
just to give a sense of the level of detail in the
entire systens nodel. |If one were to start here, this
just sort of tracks the conponents | went through
visually on the previous slide. It tracks them
t hrough unsaturated zone flow, engineered barrier
performance and so on. Eventual ly each of the
conponents i s nodel ed separately and you cone out here

at the far end with a biosphere nodel and a dose
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cal cul ati on.

I n our nodeling system thereis actually
a conput ational nodel with equations that are sol ved
and put parameters and outputs for each one of the
things that are listed here. And each one of those
coul d be and has been subj ect of extensive di scussion
with the NRC staff because this is the 22nd versi on of
this slide. Next please.

For those who wanted to see how the
comput ati on nodel s are actual ly |i nked t oget her, note
that this is out of date. It's from the site
reconmendations. It's a four year old slide, but I
don't have a current version of it yet. W haven't
quite finished all those |inkages. Each one of these
circles represents a conputer code.

At the tine the slide was made, if you
could read the fine print onit and see what all those
t hings are on the arrows connecting them those were
accurate for the hand-offs between codes as of the
time that slide was made. So each one of these nodels
was run, feeds sonmething to another nodel. As | say,
this is now out of date.

One thing worth noting however on this
slide, the GENI Code used until | ast year is not what

is now used for the biosphere. However it stil
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occupi es that sanme | ocationinlinkage of the nodeling
system The biosphere code calculates those
conversion factors conpl etely i ndependently of all the
rest of this stuff and it cones in as a feeder right
at the end. Al the rest of these nodels basically
cal cul at e radi onucl i de concentrati ons around t he wat er
to which the biosphere nodel was then applied in a
sense as a post processor to the whol e thing.

MEMBER HORNBERGER: Peter, | assume when
you say this slide is out of date that it doesn't
nmean that the whole thing has to be scraped, but
rat her than you' ve made sone fine tuning.

DR. SWFT: Yes, thank you. That will do
fine. The tuning is fine in some places and a little
coarser in others, but yes, nodels wll change.
You'll find nost of the conputer code nanes are the
same in nost of the locations. |In fact, they may all
be the same except for the biosphere. But the
| inkages are a little different. Sone of the hand-
offs are different. Next slide please.

There are two pi eces of those conponents
on the previous slide or the previous two slides that
| want to tal k about just briefly because they are
i mportant to this group. One of themis the saturated

zone groundwater flow path analysis. And this is a
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false color satellite imge of the Decca Mpuntain
region. The repository is here. The blue lines here
are the cal cul ated groundwater flow paths from the
site recormendation in the year 2001. They have not
changed significantly on that.

Things to seeonthis slideright off, the
red colors, you see them up here and down here,
actual Iy are the nmeasurenment of noistureinthis fal se
col or inmage. They are vegetation. So up here, we're
seeing vegetation in the relatively higher country.
Down here these circles are irrigated fields in the
Amar gosa Val | ey. O her red dots in here are not
vegetation. Those are test well |ocations.

Sonet hing else to see on this slide while
we have it up here, those with good eyes can just nake
out Hi ghway 95 coming along like this. The |ocation
of the reasonably maxi mally exposed individual, the
RVElI, is 18 kiloneters south of the site over the
center of this plune. It turns out to be just north
of the highway, right about in there sonewhere. I
think for those with really good eyes you nmi ght even
be able on a better print of this pick out the
satellite image of the defense line that nmarks the
test site boundary in there. So that the RVEI would

be right about in there sonewhere.
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So t he dose assessnent we' re tal ki ng about
here today is based on assunption that, this second
bul et here, the annual dose is based on the total
mass flux of radionuclides at 18 kil oneters basically
crossing a fence in the nodel right there. Al of the
mass flux radi onuclides mxed in 3,000 acre feet of
gr oundwat er . That approach to taking all of the
radi onucl i des and m xi ng themin groundwater is a bit
of asinplification, but it's based on the observation
t hat the draw down fromwell or wells punping at that
rate would span the entire width of this plune.
Therefore rather than trying to worry about the
det ai |l s of what radi onucli des are capture by what wel |
or what draw out.

CHAI RVAN GARRI CK:  Peter, do you have any
sense of what the inpact of that assunption is in
terms of conservatismor realisn®?

DR. SWFT: The 3,000 acre feet or the
assunption that --

CHAI RVAN GARRI CK:  No, the assunption that
t he radionuclides are all in the 3,000 acre feet.

DR. SWFT: Yes, a few points on that.
One is that if we actually had wel |l s punping at 3, 000
acre feet per year at that |ocation, they probably

woul d get alnost all the radionuclides. The other
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point is that thereis data avail abl e on wat er punpi ng
i n Amar gosa Val | ey down here and t he range of punpi ng
is inconsistent with that. At the time of the site
reconmendation, the project actually sanpled on a
range of water punping rates which varies slightly
smaller than that, | think. The NRC may, Tim
McCartin, may have a better answer on that than | do.
Sorry to put you on the spot, Tim Do you want to
field it? Sorry, Tim

DR. McCARTIN:.  Well, TimMCartin. Going
wi th menory, generally there' s been arange of punpi ng
rates in the Arargosa Valley area and | think it goes
up potentially as high as 13,000 acre feet dependi ng
on the year. It is variable. | think at |east at SR
you guys use the nean value of 2,000 acre feet.

DR. SWFT: It's 2,000 and son®t hi ng.

DR. MCARTI N: But the actual punping
rates in the valley further south there have been as
high as 10 to 13 thousand acre feet, | believe.

CHAl RVAN GARRI CK:  Yes. The point of ny
guestion is two issues here. One is the 3,000 acre
feet itself and how representative that is and then
t he other woul d be the radionuclides that enter that
region are all assunmed to be in solution so to speak.

DR. M CARTI N: Tim MCartin again. I
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guess when EPA specified 3,000 acre feet for the
dri nking water standard they used the irrigation of
two average alfalfa farns and a popul ati on use of 100
people | believe on that order.

CHAl RVAN GARRI CK: | see.

DR. McCARTIN. So that's how they got to
t he 3,000 approxi mately.

CHAI RMAN GARRI CK:  Thank you.

DR SW FT: So just to finish on this
sl i de here, the bi osphere dose conversion factors down
here that Kurt and Maryla will be tal king about are
appl i ed directly to t he concentrations of
radi onuclides in groundwater. Those concentrations
are as shown here. They are sinply all the mass in a
gi ven year or tine step crossing that boundary m xed
in 3,000 acre feet. That's all on this one. Next
slide pl ease.

VI CE CHAI RMAN RYAN: Before you | eave t hat
one.

DR SWFT: Yes, sir.

VI CE CHAI RVMAN RYAN: | want a follow up
qguestion. Wen | think about intakes which lead to
dose, | think about concentration. So the real action
tonmeis what's the concentrationthat this resultsin

and i s that concentration going to be representative
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of a rate withdrawal concentration year by year?

DR SWFT: Wwell --

VI CE CHAI RVMAN RYAN: |'mnot sure you can
answer the question, but | think the focus to nme on
certainty is what's the concentration and how does
t hat concentration vary as it's w thdrawn and used?

DR SWFT: Right.

VI CE CHAI RVAN RYAN: It's not so nuch the
amount of water or the use of the water but it's the
conbi nati on of the two things. Dr. Garrick asked
about did you capture all the radioactive material in
t hat volunme and then what concentration devel ops of
that in a tine dependent way?

DR. SWFT: The 3,000 acre feet is one of
the stylized assunption. W had assunptions nade in
stylizing the calculation to make it consistent or
conmparabl e fromone point to the next. But in a real
groundwater plume, there wll be places where
concentrations are higher or |ower than sone very
| ar ge regi onal average. So the question then woul d be
isthe 3,000 acre feet - again we're tal ki ng about the
regul ati on here - an appropriate way to take a | ocal
average rather than in the wrst case would be to
assumne t hat sonmeone punped directly into the center of

a very narrow tight plune.
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VI CE CHAI RMAN RYAN: You hit my question

on the head. That's why | think the stylized
cal cul ation for t he pur pose of conpl i ance
denmonstration certainly has val ue and t hat needs to be
done. Then a second question is sone exploration of
i s that conservative or not andif it i s conservative,
by how rmuch that gives you sone insight into margin.
So | think that's what we're | ooking to explore.

MEMBER VEI NER:  Peter, | have just a qui ck
- Go on.

VI CE CHAI RMAN RYAN: |'m | ooking to that
exploration. Can you give nme any insight there?

DR. SW FT: To me we're venturing here
into the real mof specul ati on headi ng towards worse
case. Conservative with respect to what? | can
i magi ne a situation in which a future human woul d get
a concentration nuch less than fromthis nmethod or
greater.

VI CE CHAI RVAN RYAN: And again | would
borrow from nmy colleague, Dr. Garrick's view, that
systemati c assessnent of that uncertainty would be a
useful thing.

MEMBER WEI NER: Do you distribute the
punpi ng rates? Do you have a distribution of punping

rates and distribution concentrati ons?
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DR. SWFT: No, the 3,000 acre feet is a

regul atory specification.

MEMBER VEI NER:  Yes, | know that, but in
your TSPA.

DR SWFT: No.

MEMBER VEEI NER:  You sinply use a single
val ue.

DR. SWFT: Yes. Prior tothe regulation
specifying it, we did indeed instead of |ooking at
possibilities and uncertainty inthat. But that'sthe
regul atory prescription.

DR. McCARTIN: Tim MCartin, NRC. \Wen
EPA specified the 3,000 acre feet for groundwater
protection, they al so suggested that we m ght adopt a
sim | ar approach for the individual protection which
is what we did. In looking at 3,000 acre feet, part
of their basis was that trying to estimte
concentrations in small volunmes of water would be
extrenely difficult if not technically inpossible.
There's a lot of variability. Clearly plunmes are not
uni form and dependi ng on where you punp, the depth,
there's all kind of factors.

But part of the basis for specifying 3,000
feet and use this average, we'll wuse that as a

representative concentration to determ ne the dose.
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They certainly stated in the preanble to the standard
t hat when you got down to snaller volunes of water,
they said really 100 acre feet was pretty nuch the
mnimum in terns  of getting a defendable
concentrati on. So there was this 3,000 acre feet
while as Peter indicated you could do all kinds of
scenari os of the way peopl e withdrawwat er, the desire
was to not try to get into that kind of specul ation.

VI CE CHAI RVAN RYAN: Ckay.

DR. SWFT: Next slide please. The other
pi ece of the rest of the nodeling systemthat needs to
be brought into this discussion is the treatnment of
future climtes. W saw the words early on the
definition of what's held constant in the reference
bi osphere and what's changed. Cinmate is one of those
things that we are expected to consider reasonable
future changes in it.

The main reason we developed a climte
change nodel was to | ook at its effect on groundwat er
flow Its climte is at the very upstreamend of al
of the rest of the water flowrel ated nodel s. However
the future climate also is used directly as input to
t he bi osphere nodel nowwhere -- | think Kurt i s going
to talk nore about this. Cdimte change is used to

establish values for the climte dependent i nput
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paraneters in our biosphere nodel, for exanple, the
growi ng season and irrigation rates which we do
believe will vary with changes in future climte.

So what are those changes in future
climate? Duringthe regul atory period of 10, 000 years
we recogni ze three climate states: a present day state
that runs out the next 600 years, a nonsoon -- |t
actually states an enhanced nonsoonal clinmate.
Sout hern Nevada has a weak nobnsoon now. At the
followng 2,000 years a climte is transitioning
towards a future full glacial climte. The nonsoonal
climateis quite abit wetter but not much col der than
the present. And the glacial transition climate is
wetter and quite a bit col der.

DR MOELLER  Excuse ne.

DR SWFT: Yes.

DR. MOELLER  You know we hear so nuch
about gl obal warm ng. Are you assum ng that gl obal

warmng wll occur, but that for this region it's
different? Help ne with that.

DR SWFT: No, this nodel is based
pal eoclimte data fromthe Pleistocene. | think if
you were to intervi ewthe project pal eoclimatol ogi sts

who devel oped this nodel, they would probably all

agree that global warm ng at sone scale seens to be
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occurring. But no, gl obal warm ng cli mate changes are
on a scale of hundreds of years, not thousands of
years.

There i s an assunption here. | should be
careful because this is not my work. But there is an
assunption in this work that human induced climte
change wi || not invalidate the pal eoclinate anal ogue.
We won't see climate changes in the future unlike any
of those in the past. |If that's the case, then this
future climite nodel is not a very good one. So if
gl obal warm ng disrupts the next glacial cycle so
40,000 years from now, then basically we had a bad
nodel here.

DR THORNE: Excuse me. Dr. Thorne.

VI CE CHAl RMAN RYAN: Could | briefly cone
in on this from the European side? We' ve just
conpl eted a three year European Uni on project BEOCCLI M
which is | ooked with the | atest generation of earth
nodel of internediate conplexity plus GCMs on this
question. And | know there is a contentious debate
about the significance of greenhouse warm ng, but if
you take the current generation of nodels, we find
t hat t he persistence of greenhouse warnming effects is
on a time scale of tens of thousands to hundreds of

t housands of years and there are two broad reasons for
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this, one of which is that the | ong termconponent of
persi stence of carbon dioxide in the atnosphere
consti tutes about ei ght percent of the rel eases which
nmeans that although 90 percent of the concentrations
drop of f ontime scal es of hundreds of years, thereis
resi dual conponent. That with the present generation
of nodels | eads to knock on effects like significant
obl ati on of ice sheets which then in turn nove the
systemfromits present day state.

So the bottomine is that when we did the
anal ysis for Central England and also for Central
Spain which is perhaps nore anal ogous to what we're
t al ki ng about here we found t hat we had to i nvoke what
| would describe as nonanalog climtes through to
approxi mately 60,000 years after present. | think
per haps al t hough outside the remt of this discussion
at the nonent that whol e i ssue of what we understand
by greenhouse warm ng and what the current status of
the scientific comunity is on it perhaps needs
| ooking at a little further.

DR. SWFT: Next slide please. D d we
| ose sonmething here? W |ost sonething here. W're
not going to get it back. You have it in your
handouts. Now it cane back. Do we know why? For

t hose who want to see the actual dose cal cul ati ons, ny
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presentation | believe is the only place we will see
themin this workshop. For of all, 2002, these are
old results. They've been shown before nmany tines.
This little paragraph here actually tells you what
nodel run these conme from what the set of assunptions
wer e.

First thing, it's nom nal scenario. There
i s novol cani c di sruption, no extremne seismc event in
here. |'mshow ng these because | think the workshop
probably does want this kind of i nformation. The tinme
scale here it's a logarithmc time scale so 10, 000
years that's the regulatory period. Qut there
100, 000. ©One billion years. The general shape of the
curves i s what you're seeing here. First of all, the
red is the nean curve. That is the curve which woul d
be the basis for regulatory conparison

It's alittle hard for ne to see on the
ties here. But until sonetine, it m ght around 70, 000
years | think there's a dramatic break in that. In
the nodels run at that tinme - this would have been
2001, 2002 - this dramatic increase in slope here was
when we started seeing w despread failure of waste
packages due to general corrosion. Until that tine,
we had a small nunber of waste packages that were

failing in the nodel due to well defects so the
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relatively early phase, 10,000 years and beyond.

The doses expressedinm | ligramnms per year
were small. The nmean was on the order of 10" per
year. VWhat else do you need to know about that?
Regul atory period again of 10,000 years there. This
came up briefly in Dr. Conpton's slide with the note
t hat beyond 10,000 years the DCE shall present the
peak dose and include it in the environnental inpact
statement. However, the NRC sets no limt on that.
There woul d be an exanple of what was. Next slide
pl ease.

DR TILL: Excuse ne.

DR. SWFT: The next two slides are nore
of the sanme here. Co ahead.

DR TILL: Well two questions. Oneis you
say one early package failure per realization so the
source termoccurs with a probability of one. Take
the inventory of that package and release it.

DR, SWFT: Yes.

DR TILL: That's what this is based on.
Ri ght ?

DR. SWFT: Yes. It goes through all the
various transport pathways and in fact we had one
package. It wasn't entirely released. It had a

speci fied size hole assuned init, basically the | oss
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of an endcap and the drip shield was i ntact above it.
So these are the diffusive pathway rel eases. But the
answer is yes to your question.

DR TILL: Okay. So your cal cul ation
starts when the source term begins. That's the
initial phase of the transport part of it.

DR, SWFT: Yes.

DR TILL: OCkay. | thinkit's incredibly
significant that those doses junmp by four orders of
magni tude at 10,000 years. The reason that's
significant is it just begs the question "Are we
tweaking this nodel here?" So I want you to be
prepared for that.

DR. SWFT: Sure. They junped -- | see.
They j unped at 100, 000 years out here. The regul atory
[imt of 10,000 is here.

DR TILL: Ckay that's ny m stake. | was
| ooking at that incorrectly, but |I guess it still is
a valid question because how nuch can you tweak this
nodel to get it to nove out another thousand years?
Do you see what | nean?

DR SWFT: | know. | do. A comment on
t hat . The spread in tinme out here is largely
dependent on that general corrosion rate of the

Alloid. If general corrosionisrelatively fast, this
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steep junp noves back this way. At this point on the
curve we have one package failed. By the tine we're
out here, we have 95 percent of the packages have
holes in them |I'msorry. That was overstated. It
m ght be 60 percent of the packages have holes in
them That's an inprecise guess on ny part. But this
is the period when many packages are failing and it's
a function of that corrosion rate.

DR TILL: GCkay. Thank you.

DR. KOCHER | have a slightly different
guestion. If it's not possible to give us a short
answer, you can pass. | acknow edge Ceorge
Hornberger's coment about if the dose of al
uncertainty doesn't matter. But the thingthat struck
me was how smal | the uncertainty is. So |I'mthinking.
What are the key drivers that are leading to a | ow
uncertainty? 1Is the 3,000 acre feet per year draw
down really responsible for this? \at are you
averagi ng over that's causing these uncertainties to
be as low as they are? That's remarkably low to ne
for a geosphere systemover a long tine.

DR. SWFT: Sure. David, and by that you
are referring to the 95 percentile band.

DR. KOCHER Yes, the difference between

t hem

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

87

DR SWFT: | just want to be clear.

DR KOCHER: The difference between the
nmedi an and the 95 percentile being as lowas it is.

DR. SWFT: The difference in the early
time here is not perhaps as small as it | ooks because
if I were to continue to scale down, you discover
there are still very |low nunbers of offscale there.
The fifth percentile hasn't shown up yet there. The
pl ace where it's strikingly narrow to ne is in the
time dimension out in here. M answer to the previous
question applies there that a key paraneter driving
this is uncertainty in the corrosion rate of the
alloid 22.

CHAl RVAN GARRI CK:  But even that doesn't
| ook small to ne. That's a | ogged scal e.

DR. KOCHER: | beg to differ about
sonet hi ng. The nedi an does appear on that curve
unless I"'mmsreading it.

DR. SWFT: The nedianis a fifth. This
is afifth. The nmedian is in here.

DR. KOCHER:  The difference between the
medi an and the upper confidence limt is about two
orders of mmgnitude. That strikes me as pretty darn
small. I'mcurious if there's an easy answer as to

why.
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DR SWFT: | do know where nuch of that

uncertainty comes from It has various sources. It's
in travel tines in the saturated zone. I[t's in
retardation coefficients. It's in diffusion
coefficients. This assunptionhere, oneearlyfailure
per realizationis alarge source of | ess uncertainty
inthereif we had a | arger nunber of packages. That
was specified for the purposes of the analysis.
Qobviously we don't know what the early failure rate
woul d be. | don't know. | think | don't have a short
answer .

DR. KOCHER: That's fair enough. This is
obvi ously a conplicated problem

DR, SWFT: Yes.

DR. KOCHER: But there are things that we
know quite a bit about out there in the real world
where we get that kind of uncertainty also.

DR. SWFT: Sure.

DR. KOCHER: Now you have a system t hat
you don't know what's down there.

CHAl RVAN GARRI CK: But | still think
that's quite a bit of uncertainty. It's not even
showing the fifth percentile below approxi mtely
100, 000 years. So you could still be having five to

seven orders of magnitude of uncertainty between the
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fifth and the 95th and that sounds like a |ot of
uncertainty.

VI CE CHAI RVAN RYAN: Now t he interesting
thing to me is beauty is in the eye of the behol der.
Wiat's 10° for one person nmight be a small
uncertainty. It m ght be huge for sonebody else in a
different context. | think the interesting thingis
t o t hi nk about t he conmponent parts of that uncertainty
and to focus your question, Dave, on the biosphere
component of it. | would be curious what el enents of
the biosphere calculation really contribute to
uncertainty. Is that major one or the package
degradation and the tine of failure and so on? Inthe
bi gger context, it's really what fraction of the
uncertainty is what we're talking about today.
Al though it's not an uninportant question to the

system as a whol e.

DR SWFT: Let me —- |'m sorry. Go
ahead.

DR. KOCHER: Dr. Garrick made a good
point. | have a bias as to how I'm|ooking at these
t hi ngs.

CHAI RVAN GARRICK: | can tell.
DR. KOCHER: | think of the world as bei ng

l og normal Iy distributed.
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CHAI RVAN GARRI CK:  Ri ght.

DR. KOCHER: But |'m guessing that it's
far fromthe case here. So |I'mwondering if thereis
sone kind of hybrid analytical function that nore or
| ess describes these probability distribution
functions that you are generating to help focus ny
thinking as to what this distribution really | ooks
i ke because it is apparently logged normal if the
fifth is down at 10°?° or whatever

DR. ECKERMAN:. It certainly is not |ogged
nor nal

CHAl RVAN GARRI CK:  You're right.

DR. SWFT: Can | nmake nore conment on
that? Because we've limted this to the nom nal
scenario class, we have al ready excl uded the | argest
single contributor to a spread i n overal |l perfornmance
whi ch woul d be the | ow probability disruption by an
i gneous or extreme seismc event. If we were to
include that inthis, you woul d see nost realizations
essentially producing zeros conpared to relatively
| arger ones com ng out of those rare events. You'd
have an enornous spread in the range of outcones.

DR KOCHER: It's a whol e other issue as to
how you do that statistically, but that's beyond your

char ge.
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DR SWFT: Sur e. It's a different

subj ect .

MEMBER \\EI NER: Peter, this |[|ooks
remarkably |ike the retardation breakthrough curve.
|s there a major influence by your distribution of
Kds? 1s that what is influencing that?

DR SWFT: It is a factor in these early
times here. Actually, can | have the next slide
because this may give you nore information on that?

MEMBER WEI NER: OCkay. That | ooks even
nore like it.

DR SWFT: This and the next slide. [|'m
not going to spend an particular time on the second
one. | hope you have themin color. At |least, the
panel does.

MEMBER VEI NER:  Yes.

DR SWFT: They are harder to interpret
in black and white. When | ooking at these two slides,
be aware that the two slides page 1 and page 2 repeat
quite a lot of the sane key species. That was done
deliberately so you would be able to find technetium
and neptuni um and i odi ne on both of the two pages.

So what do we see here? W see that in
early times the main driver and renenber it was a

coupl e of years ago was technetium 99 far and away.
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Basically it tracks with -- The bl ack curve here is
t he mean on the previous page. At later tinmes, it's
nept uni um 237. But not too far belowin the order of
magni tude, or nore bel ow neptunium you'll find the
other actinides at later tinmes. And technetiumis
still out there at other times and you'll find that
iodine is out there also.

One of the reasons | nention this in
response to Dr. Weiner's question is that technetium
is not strongly retardant anywhere in the system So
what we're seeing here is a travel time for an
unretarded particle. Wereas the neptuniumcomnmng in
about here sonmewhere and t he pl utoniumare retarded in
a natural systemand we see later arrivals of those."'

If we were to break out the 100
real i zations or 300 realizations under |ye, these are
all means. |If we show the uncertainly about those
means, Dr. Weiner isright. Wat we would see in part
woul d be the spread of the breakthrough travel tines
on the technetium and neptuni um and the pl utoni um

This is one that |I think the panel may
want to keep this slide in mnd or refer back to it
t hrough the course of the nmeeting. There are also in
t he backups to this presentation for those who |ike

this kind of information | sinply put in what the
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inventory is or repository is through time. Curves
t hat just show what species are present as they decay
and grow in through time. [|'mnot going to put them
up here. Next slide please.

DR MOELLER Excuse ne. All of those are
effective doses. Like of the technetium it's the
whol e body equi val ent.

DR. SWFT: Yes, these are all cal cul ated
by the process that Kurt and Maryla are going to
descri be of ***10:30: 27 concentration through their
BDCS. Go back to the previous one. |I'msorry. One
other point | wanted to make here since | have it up
here is the carbon 14 dose here. Note the footnote
down here. Carbon 14 shows up as significant in the
early times and of course due to its 5,000 year half
life it starts to drop off.

We choose for sinplicity to treat carbon
14 in our geosphere nodels as a non reactive speci es.
This is not realistic. Carbon obviously reacts with
carbonate in groundwater with carbonate mnerals in
t he rock. It noves back and forth from the paper
phase to water phase.

But rather than develop a full reactive
transport nodel for carbon 14, we went ahead and

treated carbon 14. Literally what we did was we used
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t he same breakthrough curve for carbon 14, the same
transport properties that we used for technetium and
iodine. Soit istreated as sonmething that transports
with groundwater. This can only overstate the
i nportance of carbon 14. That's a conservati sm

DR TILL: Peter, before you go on.

DR, SWFT: Yes.

DR TILL: 1| just have to get this clear
and apol ogi ze for being so stubborn about this. |
still don't understand what happened 100, 000 years
because | thought we saidit's one package that fails.

DR, SWFT: Yes.

DR TILL: And then did you say that at
100, 000 years nore packages fail?

DR. SWFT: Sure. There are say 11,000 to
12, 000 packages in the repository.

DR TILL: Then the slide is not correct
and your calculation is not correct. Correct? Aml
wr ong?

MEMBER HORNBERGER: The one package i s an
early failure.

DR TILL: The one package is the early
failure. Okay.

MEMBER HORNBERGER: The rest of them

corrode slowy over tine.
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DR TILL: Ckay. Vel |, that explains

what's going on. Thank you.

VI CE CHAI RMAN RYAN: My question is nore
on the inplications of the carbon 14 decision. That's
an exanpl e where you' ve made an assunpti on based on
not having a detail ed nodel perhaps or not wanting to
invest in a detailed nodel. But is there any way to
explore the inplications of that decisionwth regard
to particularly the early contribution of carbon 14
froma couple thousand years on? | nean it's a big
fraction of the total dose even though it is |ow

DR SWFT: It's not that big a fraction.

VI CE CHAI RMAN RYAN: It's one of the top

PARTI Cl PANT:  Total dose.

VI CE CHAl RVAN RYAN: |'m sorry.

DR. SWFT: It adds less than aline w dth
tothe total dose basically. | shouldn't try to argue
the point. At the tine we made the assunption we did
not realize it woul d even be as | arge a contri butor as
it is. W were surprised by that. However, we felt
we could live with it. W're dealing with doses at
the 10%, 10° level and omitting carbon 14 conpletely
fromthis anal ysis woul d have the effect pretty nuch

of | owering the black curve so that woul d overlay with
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t he purple curve.

VI CE CHAI RMAN RYAN:  You know that's an
exanple | think of what Dr. Hornberger cautioned us
about. At the 10° miIliramper year and know ng what
you just said, the answer is who cares.

DR. SWFT: Right, but if it were up here.

VI CE CHAl RMAN RYAN: It's not inportant to
the dose contribution. But if it's later on or if
it's at a conpliance point. | guess what |'m asking
is have you or will you sort through those kinds of
uncertainty estimations in this kind of a biosphere
conponent to let us know what's inportant and what
isn"t? Then if it is inportant, how you've assessed
what you' ve done in a stylized cal cul ati on ver sus what
you think is a best guess of reality?

DR SW FT: That would be done in the
context of Dr. Hornberger's does it matter.

VI CE CHAl RVAN RYAN: Ri ght.

DR. SWFT: | don't have an answer for you
right now Does this one matter or not? | can tell
you that as of two years ago when we did this, we
decided it didn't matter.

VI CE CHAl RVAN RYAN: Didn't matter, yeah.

DR. SWFT: And we weren't going to show
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CHAI RMVAN GARRI CK: | think this is a good

exanple. W don't want to belabor it too nuch, but
this is a good exanpl e of the i ssue of realismversus
unreal i sm especially considering that carbon 14 is
very visible at least in ternms of the calculation in
the conpliance period. And it's not a realistic
cal cul ati on. So the question here is why in the
conpl i ance peri od do we have sonme contri butors to dose
handled very realistically and others very
unrealistically? | think just the concept that's
presented is kind of disturbing that there's the | ack
of consistency of things that are contributing to the
dose during the conpliance period. That's ny concern.

DR. KOCHER: | assune sonething else
that's going on here is no airborne rel eases of C 14
what soever

DR. SWFT: The assunptionis - thank you
- made here that all carbon 14 enters the wat er phase.
We did not have arealistic nodel for howto partition
carbon 14 between the gas phase and the water phase.
We | ooked at bot h pat hways i ndependently, making the
assunption that for either pathway t he boundary was to
put it all in that pathway. W did |ook at a side
cal cul ation where we put all the carbon 14 into the

vapor phase, put it out in the air and showed that it
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al so woul d produce a dose considerably smaller than
this at 18 kil oneters.

DR. THORNE: Could I raise a question on
that? Wien | did the calculations for the Nairex
(phonetic) assessnent, | did cal cul ations for C 14 by
t he gas pat hway. My concern was not so much with
direct release to air in the sense of an inhalation
dose, but with the biotic interactions in the soi
zone and in the subcanopy atnosphere and uptake to
pl ants and the consequent ingestion dose. Was that
i ncluded in the cal cul ati ons?

DR SW FT: No. The one we | ooked at
| ooked at the direct exposure to carbon 14 inthe air.

DR. THORNE: | think that mght be an
i nteresting one.

DR. SWFT: My | nake a question on that?
Were you | ooking at a popul ati on dose or individual
dose?

DR. THORNE: No, | was | ooki ng i ndi vi dual
dose in respect of the conpliance targets for the UK
site.

DR. SWFT: Oher questions? Next slide
and the next one. Now this is quite an old slide.
Thi s goes back to the year Decenber 2000 but this is

the only exanple | had actually to find a good cl ear
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open literature exanple of what the inpact of
uncertainty in our biosphere dose conversion factors
was doing to total dose. Dr. Garrick asked this
guestion al nost directly. This is the best | have for
an answer.

Explain first of all what these are. The
bl ack curve here is a nean from 100 to realizations
t aken fromt he year 2000 performance assessnent. It's
di fferent dose history than the one | just showed you,
but to nme with a broad uncertainty band around it.
These are what we call one-off calcul ations. Ve
vari ed one i nput paraneter in both these two exanpl es
here on the screen to fixed values. Everything el se
we treated exactly as it had been the base case. So
all the other sanple parameters were still sanpl ed.
The black nean here reflects uncertainty in every
i nput except the biosphere dose conversion factors.
We took the bi osphere dose conversion factors and we
pushed themto their 95th and 5th percentile val ues
and you don't really see nmuch of a change.

VI CE CHAI RVAN RYAN: Can you help us?
When you say 95th and 5th percentile, how did you
di stribute thenf

DR.  SW FT: Actually 1'Il let Maryla

answer that one in a m nute here.
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VI CE CHAI RMAN RYAN:  Ckay.

DR. SWFT: But let ne go on for just a
second. Ckay? | think Maryla devel oped those
di stributions. | am not in this slide making any
claim that the 95th and 5th represent the correct
bound of uncertainty on our bi osphere dose conversi on
factors. It's aninportant poi nt when showi ng results
like this. Al | can show you is the change in the
out put caused by the change in the input. So if the
nodel i nput had that much spread inits uncertainty in
this particular paraneter, the biosphere dose
conversion factors, that's the change you got in the
out put . | think a purpose of this workshop is to
exam ne what is the range of uncertainty in those
bi ospher e dose conversion factors. This was the range
we used in this analysis.

This is an exanple of a paraneter which
had a much larger effect. Here |I've taken the alloid
22 conversionrate that |1've tal ked about. This again
is froma somewhat earlier analysis. W pushed that
one to its 95th and 5th percentiles and proves it's
a much broader spread. Don't go back in the slides
but if you were to go back to one of those horsetail
plots a few pages back nobst of the spread in that

horsetail is com ng out of other paraneters. Al nost
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none of it is com ng out of bi osphere dose conversion
factors. Now Maryl a, do you want conment on what 95t h
and 5th neant in those or is that sonething you're
going to talk in detail?

DR. WASI CLEK: Maryl a Wasi ol ek. W have
a pat hway contri bution discussion after the break. |
wi Il discuss uncertaintiesinparticular conponents of
bi ospher e dose conversion factors. So giving specific
exanpl es for inportant radi onuclides. So |l wll give
you exact nunbers. Hopefully this will answer the
guesti on.

DR MCELLER: Excuse ne. Back on the
carbon 14 and Dr. Garrick's comments, it brings ne
back to what Professor Thorne was saying early this
norni ng that you have cal culations that you do for
conmpl i ance and then you have cal cul ati ons you do to
really informpeople. | think that falls under that
category because if you show a slide and say "W
didn't bother. Wedidit onasinplified approach and
we didn't bother correcting it" that reduces whet her
correct or not ny faith in what you're doing.

DR SW FT: |'m essentially done here.
One nore slide. Just sone sunmary points here. W
have detailed nodels for the entire system The

overall system performance assessnent |inks those
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nodel s and sonme of themare sinplified. Qur goal is
to provide estimates of overall system performance.
My group's goal .

To me, the biosphere dose conversion

factors are just one of many inputs to my group and

the contribution to uncertainty in overall dose
estimates fromthe uncertainty in those BDCFs. It's
| ess than that fromyour other sources. |f a system

perspective, we don't see the biosphere as a mgjor
source of wuncertainty in the overall performance.
Part of that of course is because it is largely
speci fied or much of it specified for us. That's it.

VI CE CHAI RMAN RYAN: Just on that |ast
point and then | appreciate what you showed that
bi osphere does conversion factors, a big contri butor
to overall uncertainty but that's in the context of
t he assunption that you have not eval uated the fixed
parts of the calculation for whether or not they
represent reality and how that reality may vary in
time. Is that right? D d | understand that right?

DR. SWFT: Yes, that's essentiallyright.
| want to be very clear that when | say that it's
caveated by ny wuncertainty and certainly in ny
results, it's depended on the uncertainty in those

i nputs. Where the i nputs were not varied, there would
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be no uncertainty in the output. That's just the
nature of the Monte Carl o anal yses. But you usually
don't get out anything that you didn't put in.

VI CE CHAI RVAN RYAN: Sur e. So you're
eval uati ng certain aspects of cal cul ati onal

uncertainty by varying certain nodels but not all of

t hem

DR SWFT: Right.

VI CE CHAI RVAN RYAN: Okay. Thanks.

DR, RAUTENSTRAUCH: Good norni ng. ' m
Kurt Rautenstrauch. ' m an ecol ogi st with Bechtel

SAI C s Environnent al Sci ences Department and now t hat
Pet er has put our biosphere nodel in the perspective
of total systemperfornmance assessnent, what |1'd |ike
todois introduce to you the bi osphere nodel that the
Departnent of Energy will be using for the post-
closure performance assessnent for the |icense
appl i cati on.

VWhat |'m going to do is describe to you
some of the inportant i nformation and nethods that we
used to develop our conceptual biosphere nodel,
describe to you the structure and function of the
nodel and briefly summari ze uncertainty and results.
" mgoing to be focusing primarily on our conceptual

nodel . Later this afternoon, Dr. Wasiolek will be
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presenting to you in nore detail sone of the
mat hemat i cal nmet hods and resul ts and pat hway anal yses.
This will be primarily conceptual

The purpose of our biosphere nodel is to

track and transport of, once it | eave t he groundwater

wel I, cal cul ate radi onuclides through the bi osphere,
in other wor ds concentrations in i mport ant
environnental nmedia which I'lIl identify in a few

nonents and then to cal cul ate annual exposure to the
human receptor, in our case, the reasonably maxi mally
exposed i ndividual fromthose radi onuclides.

We have a new nodel that the Departnent of
Energy will be using for the Iicense application, new
relativetothe siterecommendation. It'stitled"The
Envi ronnental Radi ation Mdel for Yucca Mountain,
Nevada" or ERMYN nodel. W' ve developed it over the
past 18 nonths. The primary reason we did that is
because our previous nodel which was based on the
GENI'l S software programwasn't flexi bl e enough to do
all that was necessary to neet the requirenents.

Sonme of the inprovenents that we've had
are we've added additional pathways, such as
consequences of wuse of evaporative coolers. Thi s
nodel allows us to define and stochastically sanple

all parameter values and we feel we've greatly
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i mproved the transparency of our biosphere nodel.

The mat hemat i cal net hods t hat are i ncl uded
in the biosphere nodel for the npst part are not new.
The mat hemati cal nmet hods we used were sel ected froma
review of 12 or so other environnental radiation
nodels. W selected the nmethods that we felt were
nost applicableto our requirenents, our site-specific
condi ti ons and our needs, and i f necessary we adapted
those to those needs and site-specific conditions.
Finally, we have revisited all of our paraneter
di stributions that are used i nthe bi osphere nodel for
the |icense application.

As Pet er said, the bi osphere nodel has run
i ndependently of the total system performnce
assessnment. W did that for a nunber of reasons, one
of which is so that we could conplete the
docunent ation for that i ndependently of the TSPA. One
of the consequences of that is that radionuclide
concentrations are not known at the time t he bi osphere
nodel is run.

Therefore, we calcul ate biosphere dose
conversion factors which are the annual total
effective dose equival ent per unit concentration of
radi onuclides in the source of those radi onucli des.

W have two sources to consider. One of themis
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groundwat er and the other one is volcanic ash. As
Peter said, those bi osphere dose conversion factors
are nultiplied by the predictive concentrationinthe
total systemperfornmance assessnent to esti mate t hose.
Go ahead.

We consider in our nodel two biosphere
exposur e scenari os. The groundwat er exposure scenario
istobeusedinall TSPA nodeling cases that consi der
radi onucl i de contam nation in groundwater, no matter
what the cause of that contam nation is. That
i ncl udes nom nal performance and i gneous i ntrusi on and
other intrusive cases. Qur vol canic ash exposure
scenario is intended only to be used to evaluate the
consequences of deposition of volcanic ash and
associ ated radi onuclides in the bi osphere. |'mgoing
to be focusing on our groundwater scenario for the
remai nder of this talk. Next slide.

Thi s slide shows the four primry steps we
foll owed to devel op the nodel and it's the outline of
much of the rest of this presentation. Qur first step
was to characterize the referenced bi osphere i n human
receptor to ensure that we nmet the requirenments of
Part 63 that have al ready been discussed. | wll be
showi ng you sone of the informati on we used on that.

Next .
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After that, we identified the features,
events and processes that nust be included in our
nodel . W then devel oped a radionuclide transfer
interaction matrix toidentify the i nmportant transfer
processes that needed to be included and finally
devel oped t he subnodel s and i nportant assunpti ons t hat
were necessary to execute this nodel. Go ahead.

A few slides on characterizing the
ref erenced bi osphere. The map here shows | ocati ons of
resi dences in Amargosa Valley and the surrounding
regi on. Each black dot is a residence based on | ocal
el ectrical company information. As you can see, nost
of the people in Amargosa Valley live in the sout hwest
portion of the valley. We get our population
information from this light grey area with the
Amar gosa Val l ey Census District. There is no town of
Amar gosa Val l ey per se. So we derive much of our
information on the reference population from that
census area, the light grey box. Mst of the people
in that area live in what's known as the farm ng
triangle or the farm ng area i n sout hwest ern Amar gosa
Val | ey.

This region has only a couple of smal
grocery stores. It has a part tinme nmedical clinic.

Therefore our nodel considers or includes the
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possibility that people will spend sonme tinme out of
t he vall ey shopping, for nedical treatnment, and for
recreation. In addition, nost of the enploynent
centers such as the Nevada Test Site, m nes up near
Beatty, Perunp, Las Vegas are nore than 20 m | es away.
So our nodel al so includes the possibility that people
will spend time out of the valley while working.
Finally on this slide, there is no nunicipal water
treatment systemin the area or water delivery system
Al'l the water conmes fromgroundwater wells and we did
not consider water treatnment prior to use.

Amar gosa Val | ey has about 2, 000 acres t hat
are commercially farmed. This has been consi stent for
t he past five or nore years and is likely to remain so
for a while because of |limts on availability of
groundwat er permts. Most of the commerci al
agriculture is for production of alfalfa and other
hays. There's not very many human food stuffs in
Amar gosa Val | ey.

O course, there's a large dairy at the
southern end of the valley and there was a catfish
farmoperational during the 1990s. The ponds for that
fish farmcurrently are still there but there is no
commercial production at that site at this nonent

because the person who owns that farmis of f working
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sonewhere at the nonent. All farmand inthe areais
irrigated and the soils are deep, sandy to sandy
loams. W wuse this information to characterize
agricultural practices and to calculate irrigation
rates. Ckay.

Finally alittle information on climate.
Qur current climte data conmes froma weat her station
in Northern Amargosa Valley that has about 100
mllineters of precipitation per year. The doni nant
future climte upper-bound analogue is eastern
Washi ngton, the area around Spokane. That's the
anal ogue we use to calculate irrigation for the upper
bound of the future climate. At that site,
precipitation is four tinmes as high, and tenperatures
are about 10 degrees per nonth cooler. Ckay.

Sone information on the receptor. Qur
i nformati on on consunption of | ocally produced foods
comes froma 1997 survey of the people of Amargosa
Vall ey where they were asked how often they ate
| ocal Iy produced foods or frequency of consunpti on.

The graph at the bottomhere is just about
the sinplest way you can display that infornmation
It's essentially the proportion of people that
consuned tap water or consuned | ocally produced food

at any tinme during the year prior to the survey.
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Al t hough this shows that at |east a | arge portion of
peopl e consunmed locally produced foods at |east
sometime during the previous year. They did not
consune them very often during the year

This is to be expected froma comunity
where nost of the agricultural production is in non-
human food stuffs. Peopletherefore are gettingtheir
| ocal |y produced food fromseasonal gardens. The | ast
bit of information on here. W al so asked during t hat
survey how many gl asses of tap water peopl e consuned.
Assum ng that a glass of tap water is eight ounces.
The average anount of tap water that was consumed in
Amargosa Valley is 1.9 L per day. Ckay.

This graph on unenploynent is from the
2000 census. About 39 percent of the population in
Amargosa Valley in 2000 was retired or otherw se
unenpl oyed. Sixteen percent worked in mning likely
in mnes around Beatty. Sone of themprobably worked
at the clay mnes at south end of Amargosa Valley.
Four percent of popul ation worked in agriculture. W
used this information to devel op the ti nme budgets that
"1l be showi ng you later in ny talKk.

DR. MCELLER: A coupl e questions to help
me with understanding the life style.

DR. RAUTENSTRAUCH: Sur e.
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DR. MCELLER Do they each have a wel | or

do they have a well that serves ten hones?

DR. RAUTENSTRAUCH: For the npbst parts,
t hey each have a well.

DR. MOELLER Each have a well. Now when
you said they do not consume nuch |ocal food, |
t hought | read in that 1997 survey that 40 percent or
sone of them have a hone garden.

DR. RAUTENSTRAUCH. Forty-seven percent.
That's going to be one of the next slides.

DR. MOELLER: Okay, but you said they
don't eat what they grow.

DR. RAUTENSTRAUCH: |' msure they do. But
when you conpare it to the total proportion of diet
for the year, it's a relatively small anount.

DR MOELLER: | see.

DR. RAUTENSTRAUCH: For exanple, locally
produced fruits in the previous slide which we don't
need to go back to are consuned by a | ot of people.
But i f you conpare consunption to the national average
consunption of fruits, it conmes out to be about 17
percent or less of the total annual diet. That' s
because a person's fruit tree is only going produce
for part of the year. So they are only going to get

t heir peaches or whatever for that part of the year.
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Okay. Next.

Forty-six percent of househol d surveys had
garden. We used this information to hel p us devel op
agricultural practices and we al so consi dered garden
crops in our calculation of irrigation rates. A
rel atively | arge proportion of the popul ati on conmut e.
Before the groundwater scenario, we assune that if
peopl e communed nore than ten mnutes, they were
outside the area potentially contam nated by 3,000
acre feet of water. By the way, ten mnutes of
driving woul d get nost people out of the residential
area in all of Amargosa Valley.

Most of the people inthe valley lived in
nobi | e hones. W used that information to sel ect
shiel ding factors for our external exposure scenario.
Finally a large proportion of the population use
evaporative coolers. Evaporative coolers are a
relatively effective way to cool buildings in areas
t hat have 25 percent hum dity or | ess. They are cost
ef fective. They are operated by having a | arge vol une
fan forcing air across wet pads. As the water
evaporates, it cools the air. Obviously there nm ght
be consequences of that and we consi dered that in our
nodel .

O the 48 biosphere related features,
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events and processes i nthe Yucca Munt ai n dat abase of
features, events and processes that were |inked to
bi osphere, 13 were excluded because they are
inconsistent with the regulations and Part 63. Four
were excluded Dbecause they «clearly had |ow
consequences or | owprobability. The other 31 fornmed
t he basis of our biosphere conceptual nodel

DR. THORNE: Sorry. Could | take a
clarification?

DR, RAUTENSTRAUCH: Yes.

DR. THORNE: So if you nove to the climte
state that's Wshington anal og, you don't change
change the receptor practices.

DR.  RAUTENSTRAUCH: The only things we
change are irrigation rates and paraneters related to
irrigation like overwatering, growng seasons of
crops, but not the crops that are grown and those
shift just alittle bit and are pretty i nconsequenti al
and the other thing that you change i s the pushi ng of
t he year that evaporative coolers would be used.

DR. THORNE: Yes, | guess it was the crop
shift that was one that | was t hi nki ng about. Because
when you get to 400 millinmeters, it's |ooking nore
like a sort of sudden Spanish climte than the very

airy climate that you have at the nmonent. |'mjust
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conscious of the sort of bodegas that you have in
Spain where pretty well all the food crops for a
household nmay be grown within a small area. That
seens to be a potential shift in the practice of the
receptor group.

DR.  RAUTENSTRAUCH: For our conpliance
cal cul ati ons, we do not consider change in diet. W
consi der change in environmental paraneters, but not
change in diet for those conpliance cal cul ati ons.

MEMBER HORNBERGER: It's also true, isn't
it, that eastern Washington is a good bit col der than
sout hern Spai n.

DR, THORNE: Yeabh. It's just this
guestion of what is a correct anal og because eastern
Washington is further north. You can just junp the
climate.

MEMBER HORNBERGER: No, that's right, but
t hey nade t he assunpti on that t he tenperature was al so
going to go down by 10 degrees.

DR. THORNE: It won't necessarily work
qui te that way.

MEMBER HORNBERGER: |' mnot sure that any
of these assunptions are how things will work quite
t hat way, but that is the assunption.

VI CE CHAI RMAN RYAN: Kurt, maybe you can
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help us and | was thinking of a simlar question
What's the tinme frame of that change from 100 to 400
mllineters and from a given tenperature to ten
degrees cool er?

DR. RAUTENSTRAUCH: Peter had that in one
of this slides. | think that the answer is the way
TSPA nodels that is in his slide on clinmate change
where | believe he lists specifically the years that
the TSPA switches fromone climte to the other.

DR. THORNE: Ckay. I'Ill go back and | ook.

DR. RAUTENSTRAUCH: But it is a swtch.
So | think it's 400 years for nodern climate, in the
order of 1200 years.

DR. THORNE: Yes, | renenber that. Thank
you.

DR SWFT: The change to the climte
anal ogous t o eastern Washi ngt on occurs at 2000 years.

VI CE CHAI RMAN RYAN: | guess that's sort
of the root of some of the caution that | have about
these. | think the problemisn't so nuch that you' ve
made a shift. The problemis you're trying to say
it's |like eastern Washi ngton. Who cares what its |ike
is nmy point. You're try to evaluate what does an
increase in watering rate and a decrease in

tenmperature have in terns of dose inpact. Isn't that
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the result?

DR. SWFT: And you'll see in one of ny
very last bullets that it's not rmuch.

VI CE CHAI RVAN RYAN: Right. OCkay.

DR. KOCHER: One of the effects of that
assunption is that vyou're not doing any dose
cal cul ati ons based on present day climte in Nevada.

DR. RAUTENSTRAUCH:. Beyond 600 years, t hat

is correct.

DR. KOCHER  Because you don't have any
rel eases.

DR RAUTENSTRAUCH: That is correct.

DR. KOCHER: So people m ght be curious.

DR. RAUTENSTRAUCH: That is the way that
i s worKking. Next slide, please. Based on those

features, events and processes, we've identified six
environnental mnedia that my be contam nated by
radi onuclides and result in exposure to a receptor:
groundwat er, irrigated soil, indoor and outdoor air,
crops, animal products and fish consumed by the
receptor. These six environnmental nediaandthe three
exposures pathways listed on the slide formthe basis
of the structure of our conceptual nodel. Ckay.

Usi ng those six environnmental nmedia, we

constructed a radiation transfer interaction matri Xx.

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

117

|"ve includedthis primarily for your reference and am
not going to spend nuch tinme onit, but will say that
this matrix uses a clockw se convention, so the
transfer processes above the diagonal represent
transfer froma media higher on the diagonal to one
| ower, and those below the diagonal represent |oss
from one of the boxes or one of the nedia. | have
i ncl uded al so i n my backup slides a conceptual di agram
of these transfer processes. 1've also included the
transfer matrix and that conceptual diagramfor the
vol canic scenario if anyone is curious. Ckay.

MEMBER VEI NER:  Coul d you go back to the
| ast slide? Do you nean radiation transfer or
radi oactive material s?

DR. RAUTENSTRAUCH: Radi oactive materi al .

MEMBER WEI NER:  Thank you.

DR. RAUTENSTRAUCH: This slide shows the
structure of our conceptual and mathematical nodel.
It's based on those environnmental nedia and exposure
pat hways. W do not consi der the groundwater as one
of our subnopdel s because there are no cal cul ati ons for
us to do concerning groundwater in the biosphere
nodel . W assune that groundwater is constant at one
becgeurel per cubic neter. Therefore that's why we

cal cul at e bi osphere dose conversion factors that are
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fed to the TSPA

We have five subnodels for calculating
concentrations inenvironnental nedia; three subnodel s
for exposure pathway. W also have a special
mat hemati cal subnodel for carbon 14 because of the
different transfer pathways for that radionuclide.
O her than carbon 14 and sone addi ti onal cal cul ati ons
of radon, we use the nethods to calculate
concentrations and exposure for al | ot her
radi onucl i des.

MEMBER HORNBERGER: Kurt, just a quick
clarification for a novice here on this.

DR RAUTENSTRAUCH: Yes.

MEMBER HORNBERGER: Can | assune t hat what
you're doing here is running a unit concentration of
groundwat er through to get your conversion factor?

DR. RAUTENSTRAUCH. That's exactly what
we' re doi ng.

DR. THORNE: |'msorry. Just for further
clarification. That calculation is run through to
equilibrium isn't it? Sothe vast reduced conversion
factor is the nunber that you would get if you
mai ntain that unit concentration indefinitely in the
gr oundwat er.

DR. RAUTENSTRAUCH: Yes. All right. OQur
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soi | subnodel cal cul ates concentrations in soil from
adistributionof irrigationwater. Irrigation water
is the only input to this nodel. W have three | ost
pat hways, erosion, |eeching and radionuclide decay.
The assunption | have |listed here that concentrations
insoil are at saturation or equilibriumconditionsis
what allows us to separate the biosphere nodel from
the total system performance assessnment nodel

This assunption is reasonable for the
radi onuclides that likely will contribute to the dose
at 10, 000 years, technetiumand i odi de because those
likely will reach saturation conditionsinanmatter of
tens of years. It certainly is conservative for
radi onucl i des such as neptuni um and pl utoni um whi ch
have reached saturation conditions on the order of
hundreds of years. Irrigation rate for the upper
bound of the future climte is about -

DR. ECKERMAN. Why are you doing it this
way? Why are you throw ng away all the dynam cs? The
guesti on was why are you com ng out with just a single
nunber out of this exercise? You're throw ng away al
t he dynam cs of the pathways, right, by running them
all to saturation? | don't understand your approach
here. Am | missing sonething?

DR. RAUTENSTRAUCH:. The only thing that's
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hel d constant i s the soil concentration and saturation
assum ng that irrigation has occurred | ong enough for
saturation conditions to have been reached.

DR. ECKERVAN: But that's driving all the
terrestrial. The food chain pathways are all driven
by that.

DR. RAUTENSTRAUCH: That's true that the
all the food chai n pat hways past that are based on the
assunption that it's at the high concentration.

DR. KOCHER What is it that's saturated
and how do you define it?

DR. RAUTENSTRAUCH: The concentrations in
soil are at equilibriumor saturated.

DR. KOCHER: Equilibriumor saturationis
two different things.

DR. RAUTENSTRAUCH: Maryl a, woul d you | i ke
to help with this?

DR  KOCHER: The equilibrium | can
under st and. It's the saturation |I'm having a real
hard tinme wth.

DR WAS| OLEK: Wll it is radioactive
equi librium Basically we assunme that sourcesinthis
case irrigation are bal anced by | osses which in this
case is |l eeching, erosion and radi oactive decay. So

we assune that we have a constant value of nass
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activity concentration in the surface soil.

DR. KOCHER: That explains it alot. The
term"saturation" is just not right here.

DR.  WASI OLEK: It 1is radioactive
equilibriumin the surface soil. This is what it is
and we assune this equilibrium for what we called
primary radi onucl i des whi ch are radi onuclides that are
trapped in the TSPA nodel and mneke additional
assunptions that they are short-lived decay products
are in equilibriumw th | ong-Iived radi onuclides.

DR TILL: | actually think that makes
sense for irrigation. That's what you have to think
of . You're putting your water in your crop
continuously out there and that's all they're tal king
about. |It's a constant concentration in that surface
| ayer of soil than in the root zone.

VI CE CHAI RVAN RYAN: So t hat t he real crux
to the issue there is what is the source water from
which plants have an uptake and it's a constant
concentration. |Is that right?

DR. WASI OLEK: Well, it is slightly nore
conplicated than that. W are presenting sort of a
sinplistic version of the bi osphere nodel here. Yes,
we do assume that there is a constant value of

activity concentration in the water which is one in
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this case. And we assume that there was sem -
conti nuous process of irrigation of the soil that
continues until the equilibriuminthe surface soil is
obtai ned. W use this value only for the soil because
we have additional cal cul ations for crops and for the
position of the crops.

This is slightly different, but these are
t he details of our nodel. W use different val ues for
annual average irrigation which are only used to
determine what wll be this equilibrium activity
concentration in the soil. But we also use daily or
sort of incident based, episode based values of
irrigation for the purpose of deposition on the crops
for the | eaf uptake. So we devel oped different val ues
of irrigation depending on how they are using the
nodel .

VI CE CHAI RMAN RYAN:  You know again this
maybe one that we'll get into sonme nore detai
di scussion, but it strikes me that this is an exanple
where the nodel and its construct and relation to
reality woul d be sonething that woul d be interesting
to know. You said a couple of tines it's
conservati ve. My question is why and by how much
| " mnot asking for a specific answer. Hopefully it's

somet hi ng that we can explore as we go on.
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DR. RAUTENSTRAUCH: | understand. | want

to speak to that. The reason we chose to do this is
to be able to run this nodel independent with TSPA
VI CE CHAI RVAN RYAN: And that's okay. But

| guess it still begs the question "well you did it

for that reason,” but what does it nean in terns of
your true representation of what is alikely reality

versus a constructed nodel of reality?

DR. RAUTENSTRAUCH: And I'Il repeat. For
t he radi onucl i des, likelytocontribute greatly during
the conmpliance period. Those radi onuclides would

reach equilibriumcondition in tens of years.

VI CE CHAI RVAN RYAN: Ri ght.

DR. RAUTENSTRAUCH: O approach
equi librium conditions in tens of years. So for
those, it likely is a fairly reasonabl e assunpti on.

VI CE CHAI RMAN RYAN: Well we're back to
t he equilibrium of what?

MEMBER VEI NER: Maybe Dr. Wasiol ek can
answer this question. |I'mhaving a lot of trouble
withtermnology. Isit aconstant soil concentration
or an equilibriumsoil concentration? Those are not
the sane thing. Furthernore, the concentrationis a
concentration of things of radionuclides. It is not

a concentration of radioactivity. So when you're
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tal ki ng about equilibrium you' re not talking about
t he secul ar equilibriumof radioactive decay. You're
tal ki ng about chem cal equilibriumor am |1 getting
this all wong?

I'mreally confused at this point about
the terns that you' re using. |In particular, are you
assumng that there is an equilibrium of certain
radi onucl i des absorbed on the soil that then as they
nove into the plants nore is absorbed? That's what
equi librium is. O are you assuming a constant
concentration of those onthe soil? |I'mjust confused
about the ternms you're using.

DR. WASI OLEK: Okay. The quantity that
remai ns constant throughout the time and of course it
differs fromradionuclide to radionuclide. It is a
radi onucl i de specific quantity becausetheloss's turn
of our radionuclide specific. The sources are not
because the source is irrigationandit's one unit of
activity concentration per unit volune. The |osses
are radionuclide or element specific. El ement in
terns of | eeching. Radionuclide specificinterns of
radi oactive decay constant. What we keep at const ant
value in the soil is mass activity concentration of a
primary radi onuclide.

VI CE CHAI RVAN RYAN: What do you nean
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"mass activity"?

DR WASI OLEK: Backril per kil ogram

VI CE CHAI RMAN RYAN: That's an activity
point. It's not a mass.

DR. WASI OLEK: Wel| per unit mass. |f you
have Backril per volune it's volume activity
concentration. | CRU report. ["m using |CRU

Actually 1 CRU using density, but we have grown up
with activity concentration which is also given as an
option in the nost recent |ICRU report that defines
units and quantities use in radiol ogical assessnent
nodels. | apologize. | think NSI. So M chael wll
understand nme. The rest of you folks.

MEMBER VEI NER:  I1t's not the Backrils. It
was the use of the termequilibrium

DR. WASI OLEK: Ckay.

MEMBER VWEI NER: But thank you for
strai ghtening that out.

MEMBER HORNBERGER: ["m sure we'll get
intothis later. | know we can defer this. | guess
this bit of conversation, the part that confuses ne
now, is whether or not this whole operation wll
conserve nmass, sonmething that our friend, MIt
Levi nson used to sit here and actually worry about.

So | would Iike to be convince at sone tinme probably
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after lunch that we don't have the possibility of
actually ingesting nore radionuclides than were
reposited in the repository.

DR. RAUTENSTRAUCH. M apol ogies for the
confusi on over term nol ogy.

DR. THORNE: Could | just cone on that?
| had to look at the nodel. | don't think
conservation of mass is any problem This is fairly
standard international practice and it's been said
already that this is based on review of the nodels.

| think one of the things that perhaps is
worth bringing out is that the nodel itself is a
m xture of proper representation of kinetics of the
system a solve to equilibrium and equilibrium
assunptions. 1'I1l give you an exanpl e of what | nean.
| think in the nodel you deal with flow of water
t hrough t he soi | which gives you a | eechi ng conponent.
And that is properly represented as a ki netic process
whi ch you then solve to equilibriumto give you the
concentration in soil.

But the partitioning between the solid
phase and the | i quid phase is represented through a KD
rather than a kinetic forward and back reaction
process. So in a sense the flow and transport is

represented ki netics, but an underlyingdriver of that

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

127

flow and transport which is the absorption is
represented in equilibriumsense. That's done for a
very good reason because that's what's available in
the literature and you don't have the kinetic forward
and backward coefficients so you use the KD val ues
because that's what you have.

Simlarly wth soil/plant transfers
because nost soil/plant transfers that are avail abl e
intheliterature are expressed as exactly that. The
concentration in plants ratioto the concentration in
soil, you use that sort of quantity rather than a
ki netic representation of uptake in plants.

But | think we ought to be clear that the
nodel conbi nes both genuine kinetic conmponents and
ki netic processes representedin an equilibriumsense.
| hope | didn't do any violence to the nodel with that
st at enent .

DR. RAUTENSTRAUCH: Thank you. M | ast
point down here was going to be that it's an
absorption coefficient or KD values that have the
greatest uncertainty in all of our input and
par anmet ers. Qur air subnodel cal cul ates
concentrations in air from three pathways, the
suspension of dust, the consequences of use of

evaporative coolers or generation of aerosol from

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

128

evaporative cool ers and exhal ati on of radon fromthe
soil .

For this and for t he external exposure and
i nhal ation subnodels, we divided the reference
bi osphere up i nto i ndoor and out door environnments and
the environment around plants. The out door
environnent is further divided into active and
i nactive depending on whether a person is actively
di sturbing soil. Sothe active outdoor environnent is
representative conditions when a person is actively
di sturbing soil. We didthat primarily because of the
| arge variation in nmass | oadi ng or concentrations of
dust in the area anong these environnents.

For this subnodel we have noderate
uncertainty and t he resuspensi on of the Hasman fact or
included in the dust resuspension calculation and
| arge uncertainty in the evaporative cool er transfer
fraction relative to the other paraneters.

VI CE CHAI RVAN RYAN: Could you hel p us
with what's | arge?

DR. RAUTENSTRAUCH: You know this
afternoon Maryla is going to be show ng sone of those
di stributions. Qur evaporative cooler transfer
fraction to showwhat large is ranges fromzero to 100

percent. W are conpletely uncertain about the
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proportion of radionuclides that would transfer from

water to air.

VI CE CHAI RVAN RYAN: Well, if it's zeroto
100 percent, that's not wuncertainty. That's an
unknown.

DR.  RAUTENSTRAUCH: "1l go along with
t hat .

DR. WASI OLEK: That's exactly what it is.
| will address that.

VI CE CHAI RVAN RYAN: Ckay, great. The
other thing in this kind of review of dust
resuspension, that's alsoif I | ook at Lynn Anspaugh’ s
recent work and ot hers a bi g wi de swi ng of many orders
of magni tude. Per haps overall it's a small thing
because inhalation conponents dose may be a snall
conponent but dust resuspension is again one of those
t hi ngs where peopl e tal k about orders of magnitude of
uncertainty. Finally in that area, the dose
conversion factor switch Dr. Meller talked about
earlier very often people will nake the conservative
assunption whichis actually a bounding casethat it's
soluble which is two or three orders of nagnitude
based on the radionuclide different from insoluble
i nhal ed radionuclide. So just in the dose nunbers

t here can be wi de swi ngs based on those three things.
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And hopefully we'll get into some of that this
af t er noon.

DR. RAUTENSTRAUCH: To address t he second
one of those, the uncertainty in mass |oading or
resuspension, that's the primary reason we divided it
into environnents. It's in that outdoor active
envi ronnent where that uncertainty exists.

VI CE CHAl RVAN RYAN: Right. Exactly.

MEMBER VEEI NER: What nodel did you use for
resuspensi on?

DR. RAUTENSTRAUCH: W used mass | oadi ng
val ues so our cal cul ati on of concentrationsinthe air
i s that product of concentrations of dust inthe air,
nmeasurenments of dust or mass loading in the air,
mul tiplied by the concentrations of radionuclides in
the soil.

MEMBER WEI NER: So you had actua
neasur enments of airborne dust.

DR. RAUTENSTRAUCH: That is correct and
the airborne dust concentrations were environnment
specific. So for the outdoor active environment, our
nmeasurenents were typical for farmng activities and
other activities were dust concentrations were
nmeasured while soil was being disturbed.

MEMBER VEEI NER:  And you assune that the
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radi onuclides on that airborne dust cane from
radi onucl i de that got into the soil via the
groundwater. |Is that correct?

DR RAUTENSTRAUCH: That is correct.

MEMBER WEI NER:  Thank you.

DR. THORNE: And I think do you not al so
use an enrichnent factor to allow for the snall
particle fraction?

DR. RAUTENSTRAUCH: Yes, we do. That's
t he resuspensi on enhancenent factor that | nentioned.

DR. THORNE: kay. |'mclear on that now.

DR. MOELLER Help me with the radon. Now
of course the soil has naturally occurring urani umand
radium while radium being the parent of the radon.
What are you doing with radon?

DR,  RAUTENSTRAUCH: l"m going to et
Maryl a help you with that.

DR. MOELLER: No, my point is if you're
computi ng an effective dose fromthe radon, naturally
occurring radon doesn't count.

DR. WASI OLEK: W don't knowthe count for
natural ly occurring. The source of radon includingin
our bi osphere dose conversion factor in this case for
radi um 226 is the radon that was produced out of the

radon 226 t hat was i nt roduced t here fromr adi onucl i des
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relieved by the repository, we do not include
natural ly occurring radon. W have our own source of
radon that is repository derived rather than natura
radon.

DR. MOELLER:  \Were does the radium --
It's not a fission product. The uranium has been
purified perhaps. Well it has a 4.5 billion year half
life for 238. How nmuch radiumis in spent fuel?

DR. WASI OLEK: Wel | maybe Pet er has graphs
in his.

DR. SWFT: Peter Swift. The very | ast
slide in ny handout fromearlier. | don't know the
decay change. Sonebody' s busi ness here probabl y does.
The radi umis showi ng up as a i ngrowt h product to one
of the decay chai ns.

DR WASI OLEK: Well for us it is.

DR. SWFT: It's comng in. It's one of
t he speci es.

DR. WASI OLEK: 1600 years is short |ived
relative to the geological tinmescale that we are
doing. It's probably comng in fromthe urani um234.
So this is the source of radon. W consider radon in
both indoor and outdoor environment wth the
appropriate equilibriumfactors.

DR. MOELLER: And you can di stingui sh or

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

133

you have estimated how nuch radi um and radon then
m ght be released fromthe repository.

DR. WASI OLEK:  Yes, we have equilibrium
concentration of radiumin the surface soil according
to the nodel that Kurt has just described and out of
this soil we calculate radon flux density for the
outdoor environment and then of course nake
appropriate corrections for theindoor at nosphere. W
correct for the ventilation and so forth. Then again
we are using site specific conventions to cal cul ate
ventil ati on rates agai n dependi ng on t he ci r cunst ances
wi th evaporative coolers are in operation or not. So
there was a whole deal of site specific information
that goes into these calculations as well.

DR. THORNE: Right. Could | just clarify
on the radiun? Sorry. You actually have two sources
into the bi osphere. At equilibriuminthe well water,
you have thorium 230 and you have radium 226. You
t hen take the radium 226 fromthe well as a constant
source and you put that into soil so you have a radi um
concentration from that. Do you also do the
cal cul ati on where you take the thorium 230 fromthe
wel | water, put that into the soil and | et the radi um
226 growinto the thorium230 that's been added to the

soi|l because the thorium 230 presunmably has a very
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long retention half life?

DR. WASI OLEK: W do carry long-lived
decay products. So if what we call a primary rate
radi onuclide is al so a decay product of sone ot her guy
that is higher up in the chain, we do carry separate
calculations of the soil for this radionuclide. W
separate them So for exanmple if TSPA nodel tracked
radi umand al so radi umwer e produced out of one of the
predecessor we would track these two fractions
i ndependently and then add them up according to the
sour ce.

VI CE CHAI RMVAN RYAN: M ndful of tine,
we're actually alittle bit intocoment period. What
| would |iketo dois ask Kurt to finish up your slide
presentations with as fewer i nterruptions as possi bl e.
Make a note of your questions and we'll then pick up
after lunch with Maryla's presentation and perhaps
nore discussion of these points. | realize you're
overlapping alittle bit with her and we' re aski ng her
questions. Maybe we shoul d reserve themuntil you're
done.

DR. RAUTENSTRAUCH: Thank you. The pl ant
subnodel concentrations includes stuff or the
consequences of concentrations includes stuff from

deposition of irrigationwater, deposition of dust and
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root uptake for five crop types. The paraneter that
we have the greatest uncertainty relative to all of
our other parameters in this nodel are the transfer
factors. Next slide please.

The ani mal subnodel cal cul ates
concentrations in animl products fromingestion of
feedwater in soil for four types of aninmal products.
We assune t hat ani mal s consune | ocal | y produced f oods.
This is a reasonabl e assunption especially for cattle
because nost peopl e in Amargosa Val | ey who are rai si ng
their owmn cattle for food likely are to be raising
their whole alfalfa or go to their nei ghbors for that
alfalfa and feed rather than driving into the nearest
feed stores in Pahrunp or el sewhere. And we have
| arge uncertainty in our transfer coefficients.

The fish nodel is included because there
was a fish farmin Amargosa Vall ey during the 1990s.
The cal culations in this fish nodel are based on the
operation of that specific catfish farmwhere catfish
were rai sed fromone to two years. All fish were then
harvested. The ponds were drai ned and cl eaned. The
filled and started over again. W include an increase
i nconcentrations dueto evaporation or repl acenent of
water. This results in a two to six tines increase

for current climte and a much snaller 1.5 and three
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times increase for future climte. W have our factor
with the largest wuncertainty here which is the
bi oaccurul ation factor.

MEMBER HORNBERGER: Do all the fish get
eaten by people in Arargosa Valley?

DR. RAUTENSTRAUCH. No, they do not. Very
few fish get eaten by people in Amargosa Valley.
Those fish were sold to the Nevada Departnent of
Wldlife and trucked to other parts of the state to
stock the ponds. Next.

Qur carbon 14 speci al subnodel is used to
cal cul ate carbon concentrations in the environnental
nmedi a. Qur cal cul ati ons were based on a proporti on of
carbon 14 to stable carbon in those environmental
media. After we cal cul ated concentrations, we used
t hen the same nmethods to eval uate exposure as we did
for other radionuclides.

VI CE CHAI RMAN RYAN: | would really ask.
We do have comment period. So if you could hold your
questions until after lunch, that would be great.

Thank you.

DR. RAUTENSTRAUCH: Qur exposure
calculations in sinplistic formare based on exposure
rates tines the media concentration tinmes dose

conversion factors. W relied upon dose conversion
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factors in Federal Guidance Reports 11 and 12. W
i nclude the dose contributions of short-lived decay
products, in those dose conversion factors and track
| ong-1ived decay products separately and added those
at the end of the cal cul ati ons.

| ngestion exposure as | said earlier
consunption rates were based on the 1997 survey of
Amargosa Valley. W held water consunption at 2.0
liters. CQur nodel includes inadvertent soil ingestion
and this is an inportant paranmeter as Maryla will be
showi ng you later for technetium and i odine.

| nhal ati on exposure includes exposure of
resuspended particles, aerosols for evaporative
cool ers and gaseous em ssi ons. Evaporative cool er use
cal cul ated based on tenperatures in Amargosa Vall ey
currently and predi cted future tenperatures range from
39 percent of the year for noderate clinmate down to
about 10 percent for the upper bound of the future
climate. W cal cul ated exposure for five environnents
based on enploynent characteristics. This is an
i nportant pathway for the actinides. Next.

Thi s graph shows howwe cal cul at e exposure
rates or at |east summarizes it. We divided the
popul ation up into four groups based on census data

from2000. You sawthis nunber earlier. Thirty-nine
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percent of the population doesn't work. For the
groundwat er scenari o, 39 percent of the popul ati on for
this cal cul ati on works outside of areas potentially
contam nated by use of groundwater for irrigating
crops. Sixteen percent of the popul ati on work i n that
| ocal environment and six additional percent work
outdoors in soil disturbing activities in that
envi ronnment .

In this slide on the right, | have a
rat her consequential m stake. This should be active
indoors. This should be active outdoors. | have
m xed those two up. | apologize for that. This shows
that nost of tine people in Amargosa Valley spend
their time indoors. Seventy-five percent of themnore
of their time is spent indoors with only a small part
of their tine spent active outdoors because only a
smal | part of the population is involved in farmng
and simlar activities. As | note at the bottom we
have different exposure rates for the vol canic ash
exposure scenari o because ash woul d be spread over a
much | arger area.

External exposure is calculated using
t hose sane ti ne budget s and exposure rates and assunes
the receptors expose to contam nated soils at all

times withinthereferenced bi osphere. Air subnersion
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and wat er enmergence are not included because they do
not contribute to the dose for any of the radi onuclide
substantially. W do include a shielding factor for
i ndoor environnents and this is an inportant pathway
for only a few radi onuclides such as cesium

A summary slide on our paraneter val ues.
| believe it was 270 or so of the input paranmeters to
t his nodel were stochastically sanpled. Qur receptor
par anmet ers were based on distributions of nmean val ues
i n accordance with 10 CFR 63312 and our environnent al
paranmeters are based on the entire range variationin
t he region.

Qur goal was to sel ect reasonabl e ranges
of val ues when possible based on the site specific
condi tions and site specific popul ati on andto provide
bounds that incorporate a reasonable variation in
uncertainty. W triedto use conservative bounds only
when there was great uncertainty such as for our
radi onuclide specific paraneters, those transfer
factors, bioaccunulation factors that | pointed out
earlier in the presentation.

A summary of uncertainty, | believe that
our conceptual nodel uncertainty is relatively |ow
because we've included the relevant transport and

exposure pat hways. To discuss mathematical nodel
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uncertainty, I will reference our nodel validation
net hod where we conpared our mathematical nodels to
five other mthematical nodels calculation by
cal cul ati on. W found that very few of those
differences in mathematical nethods anong nodels
result inadifference of greater than a factor of two
when we use the sane input paraneters. So there is
very lowor relatively lowuncertainty in mathemati cal
nmet hods and our uncertainty isin mthematical nmethods
and therefore is simlar to what we find in other
envi ronnent al radi ati on nodel s.

Finally paraneter uncertainty. Qur
paraneter uncertainty is relatively | ow for receptor
characteristics and for sone environnental paraneters
inagricultural practices suchasirrigationrates and
nmuch hi gher for radi onuclide specific paraneters such
as transfer factors.

Here is the only results slide that |I'm
going to present. The box shows 95th percentile and
100 percent or total range of BDCFs that have been
nornmal i zed to the nean or divided by the nean val ue.
Qur total variation ranges fromjust over an order of
magni tude for technetium and carbon to just under,
well a half, to suggest under an order of magnitude

for sone ot her radionuclides.
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Bi osphere dose conversion factors for the
future climte which are cal cul ated using different
i nput paraneters for those fewparaneters that vary do
not differ very nmuch, four percent for carbon 14 and
up to 20 percent for plutonium239. So climate change
is not a very inportant factor in biosphere nodeling
and Maryla will explain part of the reason for that
during her presentation this afternoon.

Finally our summary. W have a new
bi osphere nodel. The environnental radiation nodel
for Yucca Mountain. It's based on site specific
i nformati on about the bi osphere and popul ation. It
i ncludes relative transport pathways and nost of the
uncertainty in our nodel was associated wth input
paraneters, particularly those that are radi onuclide
speci fic.

VI CE CHAI RMAN RYAN: Thank you, Kurt.
That was a great finish. Hopeful |y when we hear
Maryla's presentation we can nmaybe ask you both
guestions after |unch.

DR. RAUTENSTRAUCH:. Thank you.

VI CE CHAI RMAN RYAN: | guess at this point
we' ve had a request for a comment at this point from
the m ddl e of the audience. Steve Frishman is here

and would li ke to make a comment.
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MR FRISHVAN: |'mSteve Fri shnman with t he

State of Nevada. 1'd like us just to do a couple of
observati ons on what's happened up until nowand start
out with a question. This is for you, Dade. You
mentioned fairly early this norning when there was a
di scussion of whether it's Amargosa Valley for the
RMElI or whether it's the town of Armargosa Valley. You
sai d that you t hought there was a difference. Howdid
you come to that concl usi on and what difference do you
think there is?

DR. MOELLER: My comment was based upon
the follow ng. | realized in the 1997 Food
Consunption Survey that they surveyed the entire
Amar gosa Val l ey as wel |l as the regions out to 50 mles
in all directions from the site of the proposed
depository in terns of the Amargosa Valley |I think if
| had done the survey | think that | would have done
the same thing that was done in that 1997 report,
nanely do the entire valley because the nunber of
people was so small, the total, that | would be
searching for as many people as possible. | would
gather that probably anyone who lived within the
Amargosa Valley would be of interest in terns of
comput i ng doses.

The reason | questioned the termwas one
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internms of aregulatory sense. |I'mnot alawer. |
just was trying to think through that if at sonme tine
| ater when the |icense application is submtted and
sone | awyer finds that they based the |iving styles on
t he people within the entire Amargosa Val |l ey whereas
the regulations state that it should be a typical
resident within the town of Amargosa Valley. See |
assuned since the regulations said that that was a
town. However we heard a few nonents ago that there
is no town. Does that respond?

MR. FRI SHMAN: Yes, because | was t hi nki ng
about it in the broader terns of the regulatory
question of whois the RVEI. It's correct that there
is notown. There is a political subdivision of Nye
County which i s under -- The way things are divided up
in Nevada there's a township and there is a town
board. That town board is drawn fromall residents of
Amargosa Val | ey. So | think the regulatory
di stinction for town versus Amargosa Val |l ey probably
Wi t hout argunment goes away. Then you | ook at the
entire popul ati on of Amargosa Valley for your base.

| was i nterestedto hear because | t hought
that you probably were going on that about the
reliance on the 1997 survey. That survey from at

| east our observation should not be relied upon.
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There shoul d be a new survey and a new survey that is
done in a nmuch nore definitive way than that survey.
That survey anong ot her things appears to have m ssed
the entire Hi spanic popul ati on of the valley because
t hey don't have tel ephones. It al so appears to have
m ssed the fact that there are people in the valley
who do grow a lot of their own food and they also
coincidentally don't have tel ephones.

That survey alsoif | remenber theresults
that are used in the nodel are wei ghted results. They
are some m xture of the results for Amargosa Val |l ey as
wel | as the other areas that were sanpl ed even as far
away as the other side of the Nevada test site |
believe. So the real thing |'mgetting at is | think
that it probably is very fairly closed to say the
bottomine that was in that |ast talk. The rough
difference that can be made over all of these
di fferent variables associated with the biosphere.
But it seens to start with who you think is the RVEI
That seens to be the biggest factor because t hen what
you' re doing depending on who that RMElI is you're
st acki ng nore and nore or | ess and | ess uncertainties.

Sol think it's inmportant that before you
get into the varied details of how everything is

cal cul ated out you need to first understand who it is
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that you're tal king about. The rule has never been
satisfactory to me in terns of being prescriptive
enough to where we're not going to end up in an
argunent over who the RMVEI is if we get down to having
to argue this in a licensing hearing. | think it's
i mportant to maybe cone back at sone point and dwel |
on that not necessarily in ternms of guidance to an
answer for both DOE and the NRC staff, but in ternms of
gui dance to what theintricacy of that questionreally
is.

One other point that | thought was
interesting. | think, John, you nmentioned that it was
i mportant to |l ook at uncertainties intwo major areas,
one of the being the transport rel ease area, the ot her
one being in the biosphere area. It is inmportant to
do that but also the idea that you can separate them
is not entirely true because you get into this
question of the significance of the difference
dependi ng on whether you're tal king small anounts or
| arge anounts.

Just as an exanple if you |ook at sone
factors li ke the difference between what was proposed
in Part 197 for the acre feet of water in which to
dilute the radionuclides, it was proposed if | recal

t hat 1460 or 1480 acre feet. It ended up in the final
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rule at 3,000 for reasons that were not entirely
clear. But at the time, ny judgenment was "Well it's
only afactor of two" and that's pretty small conpared
to the overall wuncertainty in the system which is
true.

But alittle later on, you do things |like
| ook the one on and one off calculations. Look at
what the rel ease of technetiumwould be if you had no
contai ners and convert that using the dose conversion
factor that DOE used, put all that technetiuminto
first availability. Then just use DOE s release
nodel . What you end up with is technetium al one
exceedi ng t he groundwat er standard and al so exceedi ng
t he i ndi vi dual standard by arelatively small anount.
But that's putting it all into 3,000 acre feet of
wat er .

If you take the 1460, well then you're
exceeding it by twice that ampbunt. So when you're
dealing with looking for uncertainties in the two
areas of analysis, release and then converting that
release to dose, wth this system and its
conmplications, you have to |ook at the two of them
t oget her at points where they really are significant,
where they really do make a difference. Technetium

was one that became pretty obvi ous once you do a very
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sinmpl e cal cul ati on

VI CE CHAI RMVAN RYAN: Steve, that's a
little risky because you're mxing bounding
cal cul ati ons and nom nal cal cul ati ons by making the
assunption that all the Technetiumenters the system
directly instantaneously at the beginning. That's a
boundi ng analysis. So |I'm cauti ous.

MR. FRI SHVAN. No, I'mnot dunping it al
inthere. Al I'msayingis --

VI CE CHAI RMAN RYAN: That it all becones
avai | abl e.

MR FRISHVAN: It all becomes avail able
because there are no contai ners.

VI CE CHAI RVAN RYAN: Ri ght.

MR. FRISHVAN: So it becones avail abl e at
what ever rate it becones available fromits solubility
and so on.

VI CE CHAIRMAN RYAN: | think it's risky
because that bounding case arbitrarily assunes
contai ners go away.

MR. FRI SHMAN: | was hopi ng you woul d ask
because the answer to that is a real sinple one
That's that because of the half-1ife of technetiumthe
sane thing will happen at 100,000 years out.

VI CE CHAI RMAN RYAN: But it's a rate
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process. So again |I'mjust very cautious to try and
t ake a boundi ng type assunption and then apply it to
a nomnal calculation. That's a risky thing to do.

MR. FRISHVAN: It's not boundi ng because
we know t he cont ai ner' s goi ng away and t he nunber t hey
used in the current nodel | think is Iike 13 percent.

VI CE CHAI RVAN RYAN: At the rate of
rel ease from becomng a container failure nodel is
really --

MR. FRI SHVAN: You saw how st eep t hat was.
Very, very steep and peopl e remarked on how steep it
was. As soon as you start failing those containers,
the rel ease becones very steep. So | disagree. |
don't believe it's bounding. It's a statenent of
reality. It's just a matter of when. | say you take
them all away at the begi nning because of the half-
life of Technetium It's really no different if you
take themall away |ater. The sane thing happens.

VI CE CHAI RVAN RYAN: -- results later.

MR. FRI SHVAN.  Way woul d you?

VI CE CHAIl RVAN RYAN: | don't.

MR. FRI SHVAN:  You do.

VICE CHAl RMAN RYAN: I guess |
m sunder st ood.

MR FRI SHVAN: Look at the rel ease curves.
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But nmy point is that there are ways of show ng that
the site regardl ess of when you look at it. If you
t ook away t he 10, 000 years, there are ways of show ng
that who the RMEI is and the way you mx the
uncertainties add up to nunbers that in fact are make-
or-break nunbers or sonetinmes really way beyond
accedence of a standard and sonething that no one
woul d ever propose as a standard in the first place
where you can run doses over a factor of two, higher
than the standard by putting together these
conbi nati ons of things that right nowthe performance
assessnment shows happen but only show happen beyond
t he | oss of the waste container. So the separationis
an i nportant one, but al so putting themback t oget her
and how you put themback together and who you i npose
that on add up to nunbers that are not in this realm
of worst case to worry about. They are nunbers that
the performance assessnent says are not unlikely.
It's just a matter of when they are going to happen.
CHAI RVAN GARRI CK:  Yes, but when you put
t hem back in the context of the period of conpliance
it still looks like a bounding case to say that --
MR. FRISHVAN: Well, there's a period of
conpl i ance but there is al so the period when you have

to |l ook hard to nake sonme judgnents about how this
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site works and that goes out to the period of

stability.

CHAI RMVAN GARRI CK:  Ri ght.

MR. FRISHVAN: That's an error | believe
inthe EPA's rule, but we won't go into that. If you

are going to make a reasonable expectation type
judgnment the only reason to | ook at that period beyond
t he period of conpliance is to | earn everything you
can and find out what's reasonable. |[If the site is
beyond the period of conpliance is going to go vastly
out of conpliance then that anal ysis i s necessary and
tells you sonething. Wat it tells you in this case
is that the container is the conpliance nechani sm

| thinkthere were questions about why are
the median and the 95 percent so close together or
appear to be. They partly appear to be cl ose toget her
because you' re dealing in orders of magni tude and t hey
partly are close together because when you get
failures you get big failures. What that tells you
once againis that the failure node is the container.
Because if you get a container failure, they' re big.
You saw the dose curve for just one container.
Suppose there were ten. You could see it. You're
hi gh enough on the curve. You could see it. | f

there's 100, it's high on the curve so you could see
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that. The failure node that drives the appearance and
questions |like "Wy i s the nmedi an and t he 95 so cl ose”
is because it's an phenonenon the container. It's
linear when it fails, linear in ternms of if you fail
ten tines nore the dose is ten tinmes nore. That's
enough observations for now.

VI CE CHAI RMAN RYAN. Ckay. We're have a
coupl e nore opportunities during the day. So we'll
hear from other nenbers that mght want to speak.
That's brings us to the cl ose of our norning session.
W now have a one hour and six mnute |unch break
schedul ed. We'Ill reconvene at 1:00 p.m Thank you
very much. Of the record.

(Whereupon, at 11:51 a.m, the above-

entitled matter recessed to reconvene at

1: 02 p.m the sane day.)

VI CE- CHAI RVAN  RYAN: If we could get
everybody convened, please? W will start our
afternoon session. W have presentations. | think

first up is M. Pat LaPlante, senior scientist from
the Center for Nuclear Waste Regul atory Anal yses.
MR. LaPLANTE: As he nentioned, ny name is
Patrick McPlante. | work for the Center for Nucl ear
Wast e Regul atory Anal yses. W are the technical

support contractor for NRC in the high-level waste
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program Today | amgoing to provide an overvi ew of
bi osphere pat hway anal yses supporting NRC s
pre-licensing activities.

Next slide, please. Ingeneral, | amjust
going to provide an overvi ew of the biosphere nodel .
Then | will discuss key radionuclides and exposure
pat hways.

Before | start, | would |i ke to enphasi ze
the NRCrole with the bi osphere nodelingis to devel op
review capabilities to review NRCs |license
application. |In this regard, the aimis to devel op
fl exi bl e tool s and to devel op a basi ¢ under st andi ng of
syst em behavi ors.

Next slide. As you know, biosphere
nodeling requires an understanding  of site
characteristics. DOEalready dida fairly good job at
outlining the characteristics of the Yucca Muntain
region.

| providethis chart. Yucca Mountainsite
is here. And approxi mately 35 kiloneters to the south
is the Arnagosa Farns area, which is the nearest
popul ous center to the south along the flow path, as
we have seen it in previous presentations.

In general, this area could Dbe

characterized as a rural residenti al farm ng
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communi ty. As we have seen in previous presentations,
there is livestock and farm ng activities as well as
gardening and so forth. The characteristics of the
area hel p us conceptual i ze potenti al exposure pat hways
from postul ated rel ease scenari os.

Next slide, please. Once we have
conceptual i zed the potential exposure scenarios, we
have to inplenment those exposure pathways in a
bi osphere nodel. This flowchart provides sort of the
basi c outline of the processes that we are nodelingin
our bi osphere nodel. W can start wth either
cont am nat ed groundwat er or contam nated soil.

This ~chart tends to enphasize the
groundwat er, but we start with a soil concentration as
wel | as a groundwat er concentration. The pat hways are
fairly obvious. They are probably famliar to nost.

We have direct drinking water ingestion,
irrigation of crops and livestock. To be conplete,
there probably should be an arrow between crop
concentration and |ivestock. And we have resuspensi on
of soil leading to inhalation and external radiation
dose.

In the ingestion dose cal cul ation, there
is much nore detail that is shown there. We can

estimate intakes for a variety of food products,
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including eggs, neat, mlk, leafy vegetables, root
vegetables, fruits, grains, as well as soil ingestion.

Next slide, please. So we inplenent this
bi osphere nodel . Mbst of the pat hway nodel s are based
on the GENIl, Version 1.485 dose code. W're only
using the executable portion of that code that
cal cul ates the intakes. And then we're doing the
conversion to dose wusing the federal guidance
dosimetry val ues within our TPA code.

We have al so devel oped a separate nmass
| oadi ng and i nhal ati on nodel for the ground surface
i gneous activity exposure scenario. W wanted to
refine the nodel a little bit nore than what was in
the CENIl code. And so we account for factors such as
ash bl anket thi ckness, inpact on mass | oading. |f you
have a very thin ash bl anket, youwi ||l be resuspendi ng
clean soil along with contam nated ash.

W also have a tinme dependence, a
ti me- dependent mass |oading value. The literature
shows that over tinme as the fine resuspends, nmass
| oadi ng wi | | decay exponentially over tinmeto sonmewhat
of a steady state.

We al so account for loss routes fromthe
soil, i ncl udi ng erosion, | eechi ng, and decay

processes. And we have developed a hunman
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activity-wei ghted soil disturbance and exposur e nodel
essentially different types of disturbances, high,
medium low, and different |evels of exposure, how

much tinme do you spend outdoors and indoors and so

forth?

Next sl i de. | already nentioned the
federal guidance val ues. Chris MKenney wll be
di scussing the dosinetry in nuch greater detail inhis

follow ng presentation this afternoon.

So in order to run the biosphere nodel,
obviously we need to cone up with a nunmber of input
paranmeters. |n general, the objective is to enhance
real i smby using site-specific paraneter val ues where
possible and try to avoid inplausible assunptions
wi thin the context of the regul atory requirenents and
t he sonewhat abstracted nature of the nodel

To give you an idea of the magnitude of
t he nodeling effort, we have about on the order of 600
i ndi vi dual nunbers that we have to come up with and
i nput into this nodel.

A nunber of these are radionuclide and
el enent -specific. And since we want a fl exi bl e nodel
where we have the ability to nodel doses from 43
radi onuclides as well as which are conprised by 26

el enents, it iswrth notingthat even though thereis
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a large nunber of input paraneters, few of themare
highly significant to determ ning the dose. But we
need to cone up with them anyway.

| amnot going to go into the paraneters
indetail, but I have provided this Iist of paraneter
categories with parentheticals sort of paraphrasing
t he general type of information sources that we are
using for those paraneters. And if people have
addi ti onal questions, perhaps we can do that after |
finish.

VI CE- CHAl RMVAN  RYAN: WIIl you take a
general question?

MR, LaPLANTE: Sure.

VI CE- CHAI RVAN RYAN: It is interesting
that you |ooked at a variety of sources. And
obvi ousl y sone t hought has gone i nt o per haps di fferent
sources and you pick one. When you devel op, for
exanpl e, mass | oading factors, do you actually get a
specific value or do you try and get a distribution?

MR. LaPLANTE: On, yes.

VI CE- CHAI RVAN RYAN: A sanpling
di stribution?

MR.  LaPLANTE: W are sanpling a
distribution. And that is a paraneter that, as | w |

discuss a little later, is fairly inportant in the
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calculation. And so we are continuously | ooking at
data and trying to get the best characterization for
t hat val ue.

If you ook at the literature, obviously
it can range about eight orders of magnitude.

VI CE- CHAl RVAN RYAN:  Sure.

MR. LaPLANTE: So depending on the
situation, it beconmes a little nore conplicated when
you are dealing with vol canic ash, which is a very
fine particul ate.

There aren't a lot of people out there
col l ecting mass | oadi ng data on vol cani c ash. So you
have to | ook for anal ogues and so forth.

VI CE- CHAI RMAN RYAN: Is it fair to say
just again in general that all of these kinds of
categories, you are looking for not only the best
val ue but what is the nature of the distribution of
appoi nted val ues and circunst ances?

MR. LaPLANTE: Onh, yes. From the very
begi nni ng, we have been doi ng thi s bi osphere nodeling
since the early '90s.

VI CE- CHAI RVAN RYAN: Ri ght.

MR. LaPLANTE: And we started off with the
i dea that we would try to characterize the uncertainty

and variability in the input paraneters.
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This slide provides sone additional
aspects of our current approach. Mbst of these could
be called assunmptions. It is inportant to qualify
t hat these shoul dn't be interpreted as expectati ons on
how DCE shoul d be doi ng the nodeling. These are just
how we are presently doing the nodeling to give you an
i dea of basically how we are doing it.

I have listed the first bul | et .
| nhal ati on dosinmetry, as you know, assumes a nean
particle size of one mcron. W are certainly aware
that the air transport at deposition and mass | oadi ng
nodel s that we are using generally apply to |arger
particl es.

And so essentially we are putting nore
mass into the air for inhalation, but we are assum ng
that its finer particles when we run the inhalation
dosimetry. That is a conservative approach. W are
currently |l ookingintogetting better estimates on how
conservative that actually is, but that is howwe are
doing it at present.

We are al so assum ng adult dosinmetry. W
have gone t hrough t hat before, earlier inthe norning.
The third tic sounds very conservative, but it should
be put in the context of nost of the key radi onuclides

that are dom nating our dose do not have choices for
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chemcal form as it inpacts the dosinmetry in the
f ederal gui dance. So, for instance, anericium 241 and
tritium 247, technetium 99, iodine-129, thereisonly
one val ue in the federal guidance. They don't provide
Db W or Y solubilities.

And so this assunption doesn't apply to
t hose. Those just happen to be term nating the dose.
So it is conservative for sonme of the other
radi onucl i des that aren't dom nating the dose, but,
then, if it is not domnating the dose, then it
doesn't really matter.

VI CE- CHAIl RVAN RYAN: Let's kind of boi
t hat questi on down because that is an exanple of an
i mportant one, | think. 1Is the guidance based on W
class for americiumand plutoniun? |Is that right?

MR. LaPLANTE: Let's see. | wote down
some notes. | believe plutoniumdoes have a choi ce,
and it is Wor Y.

VI CE- CHAl RVAN RYAN:  Ckay.

MR. LaPLANTE: But the difference between
Wand Y for plutoniumis about 35 percent at nost.

VI CE- CHAI RVAN RYAN: Ri ght.

MR. LaPLANTE: So that is the only one
that has a choi ce. | can't renenber what exact

solubilities there were. All | know is that there
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were only single val ues.

DR. ECKERNAN: Strontium would be a
choice. Titanate, strontiumtitanate, is N-11 because
of its inportance occupationally.

MR. LaPLANTE: R ght.

DR. ECKERMAN: | don't renenber which one
has been --

VI CE- CHAl RVAN  RYAN: ["'m thinking
specifically about the ignitant. | amthinking that
if something comes out with that tenperature, it is
probably going to end up as a Y class article. I
guess | am sensitive to the fact that if you were
constrained to use a Wclass conversion factor, you
could be off by a factor of 50.

MEMBER HORNBERGER: Did | just sleep
t hrough t hat chem stry freshman cl ass when t hey t al ked
about Wand Y and N-11? What is that?

MR. LaPLANTE: These are sol ubility, body,
essentially body solubility, for materials goinginto
t he bl oodstream

VI CE- CHAl RMAN RYAN: If it would help, |
will et Dr. Eckerman answer. He is the authority.

MR. LaPLANTE: He woul d probably be the
best person to answer.

DR ECKERMAN: This is a case where the
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systemhas changed intinme, too. D, W and Yreferred
to cl earances, half-tines fromthe deep lung. And so
an aerosol that was classified as a D class aerosol
woul d have a residence tine in a deep lung on the
order of days and weeks and years.

It is a real gross classification. I t
i ncludes both the mechanical clearance as well as
absorption, the later lung nodels that were current
state-of -the-art, as we separate those and tal k about
another classification that relates sinply to the
absorption, to the chemstry. And you would have
probably had that |ecture in today's systens.

That was it. So it is just a way of
cl assi fyi ng aerosols.

VI CE- CHAI RVAN RYAN: But t he newsystemi s
ki nd of independent of what is done here because that
has not invoked the regul ati ons.

DR. ECKERMAN. Yes, right.

VI CE- CHAl RMAN RYAN: It is best practice,
but it is not what the guidance is based on if |
recall right.

MR. LaPLANTE: Yes. The practical aspect
from a nodel er standpoint is if you have got three
choices based on different solubilities of the

mat eri al, you need to deci de what is the chem cal form
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of the material that is inhaled and make that
consistent with the choices you have, D, W or Y.

And what | was trying to point out was for
nost of the radionuclides that are inmportant, given a
choice, in those where we do have a choice, this
bull et is saying we are choosing the one that causes
the highest dose because there are so many
uncertainties in determ ning the chem cal formof the
mat erial nore so, | think, for a groundwater pathway,
for the material.

You have an idea what it mght be in the

groundwater in ternms of chemcal form but when you

spray it intotheair, it couldreact. It could react
with the soil. It could react with the plants. It
goes into the plants. It could be transforned.

There are all kinds of places for that
chem cal transformation to occur. And so it becones
a very uncertain process to determne, well, what is
chem cal formonce it goes into a food product that
sonmebody eats?

Rat her than get into that | evel of conpl ex
chem stry, a |lot of nodelers just assune the higher
val ues.

VI CE- CHAl RVAN RYAN: That is risky, |

think. Let netell youwhy. | think if you just pick
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a single value and assunme it because it is
conservative, that is inconsistent with what you have
done in all of the other categories, where you have
sanmpl ed some distribution.

Now, you can at |east construct this in
your mnd and whether it nakes sense or not. You
woul d be the judge.

MR LaPLANTE: R ght.

VI CE- CHAI RMAN RYAN: You take the sol ubl e
and t he i nsol ubl e nunbers. And you sanpl e bet ween t he
t wo.

MR LaPLANTE: Yes.

VI CE- CHAI RVAN RYAN: Wy do we pick nul ti
singl e val ue dose conversion factors when we sanple
every ot her paraneter? Wy do we pick one m cron and
not sanple across a whole range of particle sizes?
Particle size has a huge swing in dose conversion
factor, too.

MR. LaPLANTE: Right. Wll, one of the
reasons we don't sanpl e the dose conversion factorsis
because the reports that provide them don't really
have rmuch of the uncertainty information docunented.

It is true that for Db W and Y, you
understand there is a range there and you could do

sone sort of sanpling.
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VI CE- CHAI RVAN RYAN: The way to adjust

thoseis fairly well-establishedincurrent practice.
| just wonder why we single themout as single val ues
of the conservati ve.

By the way, if sonething is extrenely
conservative, it is not conservative. It is wong.

MR,  LaPLANTE: Yes. But if it is
extrenely conservative and the |icensee denonstrates
conpl i ance of that calculation, then is there a need
to spend noney in research?

VI CE- CHAl RVAN RYAN: Why do we do it two
ways? Again, | say that rhetorically to think about
it as we go through the two days. But it is an
exanpl e where we do sonet hing di fferent wi thout really
inm viewjustifying why that different approach is
okay.

MR. LaPLANTE: Right. It is definitely
not informative. If you fail the standard and you are
conservative, it doesn't tell you anything other than
you need to do nore precise nodeling to see if --

DR. ECKERMAN: Part of the differences
that are introduced here cones fromthe occupati onal
experi ence. In the occupational setting, you knew
what the conpound was that the worker was dealing

with. So you coul d pick a chem cal formand deal with

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

165

The difficulty here in the environnment
situationis that the radi onuclide probablyis atrace
component to the aerosol. And so the characteristic
that you have brought to the table from your
occupati onal experience really has nothing to dowth
t he probl em

VI CE- CHAl RMAN RYAN: It is all the nore
reason to sanpl e.

DR. ECKERMAN: All the nore reason to
sanple, all the nore reason to question the
applicability of that particular set of dose
coefficients that we have got.

DR. KOCHER: A simlar issue for your
vol canic ash is all of these |ung nodels assune that
your radionuclides are attached to the surface of
particl es.

MR. LaPLANTE: That is true.

DR. ECKERMAN: No. It's
vol unme-di stributed. They are all vol ume-di stri but ed.
The radionuclide is sitting in the volune of the
particle, not on the surface.

O herwi se, that's the assunption when you
calculate the activity nmedia distribution of

aerodynam c di ameter, that the radionuclideis inthe
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volume of the particles that you neasured wi th your
cycl e.

VI CE- CHAI RMAN RYAN:  John?

DR TILL: Well, thisis adiscussionthat
| would |ike to have. The question is this, exactly
what i s assuned to be uncertain in these cal cul ations
and what is not? Wat is assunmed to be a fixed val ue?
Ckay?

| mean, that is sonething | would | ove to
see a list of. And | would like to see the
assunptions regardi ng whether it is uncertain or not
and the rationale for the decision.

Now, | personally believe that those
conversion factors thensel ves ought to be fixed.
personally believe that all of the paranmeters
associated with the hypothetical scenario in the
future that you are assunmingis fixed, l[iketw liters
of water, is fixed and that all of the other val ues
t hat characterize that scenario should be fixed, not
the environnmental coefficients but things Ilike
breat hing rates, ingestion rates.

And t hat al so i ncl udes t he dose conversi on
factors because uncertainties come in differences in
human bei ngs. And we have got hypothetically a single

person out there.

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

167

Thi s i s a key phil osophi cal but scientific
question that | think we need to talk about, the
conmi ssion needs to consider, and all of the people
doi ng the cal cul ati ons need to nmake it very clear. So
maybe we can come back to this.

VI CE- CHAI RVAN RYAN:  Yeah, | t hi nk we can.
And | agree with you. | would probably agree wth
everything you said except just think about the fact
of what Keith said with regard to dose conversion
factors.

I nthe workpl ace, | feel very confortable

saying they are fixed because that is a relatively

narrow range of environnental possibilities. It is
usually very dilute to us. It is wusually very
specific.

We can ki nd of hone in on solubilities and
things |ike that, but when you take it into a chronic
out door environnmental setting, | amnot too sure that
sanmpl i ng woul dn't be at | east i nformative of potenti al
doses over things |li ke ranges of solubility or ranges
of particle distributions into which the activity is
di stri but ed.

DR, TILL: To me, that is different,
M chael .

VI CE- CHAI RVAN RYAN:  Ckay.
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DR TILL: | nmean, when you tal k about

whether it is a soluble conmpound or an insoluble
compound, | agree. kay? You deal wth that
separately. Ckay?

VI CE- CHAI RVAN RYAN:  Ri ght.

DR TILL: But nowit's one or the other.
What dose conversion factor do you use? You use one
val ue is what | see.

VI CE- CHAI RVAN RYAN: | amnot sure we w | |
know that answer. It is one or the other.

DR TILL: Yes, right. | see what you are
sayi ng, but we need to discuss this.

VI CE- CHAl RVAN RYAN: We may or nmay not.
| mean, that is a great question, and | am sure our
current speaker is going to give us a full and
conpl et e answer.

MR. LaPLANTE: I am moving in the
direction of tal ki ng about uncertainties, but | amnot
quite there yet.

CHAI RMAN GARRI CK:  There is one thing we
want to be very rmuch on guard for. That is you don't
t ake away uncertainties by taking a vari abl e that has
uncertainty with it and nmaking it constant.

You see that all the tinme. You see people

writing about uncertainty. Andthen you see sonet hi ng
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t here that you wonder how conme it doesn't enter into
the uncertainty. And you discover in many cases,
"Well, it was assuned to be a constant.” Well, that
i s masking the uncertainty. W don't want to do that
ei t her.

DR. THORNE: If | could comment, | think
you don't have to mask it. What you can do is to nove
it into another category.

CHAl RVAN GARRI CK:  Yes.

DR. THORNE: For sone of these things, it
may be better to do a sensitivity analysis, where you
nove from say, class D to class W and do an
alternative cal culation, rather than folding it into
a PDF distribution function, which you know even | ess
about than you know the fact that it could be either
Do W

VI CE- CHAl RMVAN  RYAN: And that is the
alternative, is it not, sensitivity study? Maybe it
is the blend of PRA-type approaches to insensitivity
studies toreally get at things. So let's hold those
qguestions and press on.

MR. LaPLANTE: Yes. |t does becone nore
of an issue with things perhaps |ike transportation
acci dents, where you are just blowing out a |ot of

radi onuclides, imediately out into the exposure
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realm whereas, like for a groundwater transport
pat hway for this program we have relatively few
radi onucl i des actually making it to their receptor
| ocati ons.

VI CE- CHAl RVAN RYAN: More inmportantly, it
is chronic versus acute.

MR. LaPLANTE: Ri ght . Ckay. To keep
goi ng here, we don't explicitly inour nodel correl ate
the soil leeching paraneters with the plan update
paraneters. It is obviously a good thing to do.

The data itsel f that we are usi ng may have
some inplicit correlation in there, but this could
lead to the situation where el enents that absorb to
the soil could be nore available for plant uptake
because they are in the root zone.

And, inreality, if they are absorbed to
the soil, they may be | ocked and woul dn't go into the
plant. So that is somewhat conservative there.

We haven't gone into the | evel of detai
necessary to resol ve that just because the pathway in
the total system calculation is not particularly
i mportant.

The radi onucl i des | eech bel owt he roots on
exit at the biosphere. That is just sort of a given

assunption. In our experience, first use, pathways

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

171

tend to create the highest doses. So we don't feel a
need to account for the material that is | eeched out
of the root zone.

We have no washi ng of harvest or crops, no
filtering or treatnment of water. And we assune 15
years of irrigation deposition before exposure. That
15 years coul d be conpared wi th the DOE approach t hat
was discussed at length, where they take it to
equilibrium | guess, as they called it.

They will irrigate. If it takes 1,000
years to reach equilibrium they are irrigating for
1,000 years. W just made the assunption that 15
years of farm ng seened reasonable and |leave it at
t hat .

Okay. Next slide. As | nmentioned before,
we do run the bi osphere nodel stochastically. And we
do try to propagate as nmuch uncertainty that we know
about inthe input paraneters. Essentially we runthe
nodel iteratively with sanpled input paraneters to
create variabl e out put.

As | said, we are sanpling. Essentially
we have done sensitivity anal yses in the past, trying
to propagate as nuch uncertainty as we can in the
i nput paraneters. And then we identify the inportant

i nput paraneters.
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And the nodel that we currently have in
our TPA code, we are sanpling essentially all of the
paraneters we found to be inportant in those prior
sensitivity anal yses except for those that are fixed
by regulation or are the dosinmetry factors that we
j ust discussed.

This chart here gives you an idea of the
variability that is propagated only through the
bi osphere cal culations. And this is for iodine-129
dose cal culations. This should bealittle bit w der
than sonme of the other radionuclides but generally
representative of the amount of variation that we
pr opagat e.

As you can see, this is |ess than an order
of magnit ude. It is lower. It is lowrelative to
ot her abstractions in out total system performance,
syst em nodel

This is essentially why the bi osphere, at
| east for the groundwater release pathway, doesn't
tend to be particularly inportant inthe total system
cal cul ati on because this level of variation isn't
significant given all of the other variation going on
within all of the other abstractions in the total
system cal cul ati on

Now, there would be nore variability in
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t he i gneous activity bi osphere cal cul ati ons wi th mass
| oading and so forth, but this is for groundwater.

Now, the next three slides, | am just
going to run through an exanple analysis for how we
woul d determine Kkey exposure pathways in the
bi osphere. In this exanple, we start off with doing
just a base case stochastic total systemperformance
assessnment cal culation with our code. And then we
identify the key radionuclides that are driving the
dose cal cul ation

Here we see we have technetiumis over
hal f of the dose and neptunium and iodine are the
remai nder .

DR. MOELLER Is that for the first, what,
10, 000 years?

VR. LaPLANTE: Ten thousand-year
cal cul ati on expected dose, sort of a base case, fully
stochastic cal cul ation

VI CE- CHAI RVAN RYAN: Dose in the 10, 000th
year ?

MR. LaPLANTE: GCenerally, yes, it is. It
tends to go up with tine.

Once we have identified the key
radi onucl i des, then we can | ook at the bi osphere dose

results stratified by radionuclide and exposure
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pathway to get an idea for those inportant
radi onucl i des with exposure pathways for dom nating.

In this case, we can see for
technetium 99, which is dom nating our dose, the
pat hways t hat contribute to that dose are
predom nantly drinking water and crop ingestion. It
i s about 50 percent from each

You see simlar behavi or for
neptunium237. And iodineis simlar. Yet, thereis
alittle nore animal product consunption-rel ated dose
because iodine is nore nobile in those systens.

So the conclusion fromthisis, well, for
these radionuclides to domnate the dose, the
i nportant pathways are drinking water and crop
i ngesti on.

Now, DCE when t hey present these results,
you will notice they will be somewhat different
because they have recently changed their crop
i ngestion input parameters to be lower. And so that
crop i ngestion pat hway becones deenphasi zed. | think
i nhal ati on tends to becone nore i nportant, inhal ation
and drinking water, in their cal cul ations.

Next slide, please. If we do a simlar
type of analysis for the igneous activity rel ease

scenari o, we see that the key radionuclides -- and
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this would be for an early eruption, around 200 years
-- americium 241 tends to dom nate the dose with the
remai nder of the dose domi nated by the 3 plutoniuns.

Now, since anericium has as shorter
hal f-1ife than plutonium if you have | ater erupti ons,
the plutoniumwi ||l tend to dom nate al nost conpl etely
after the anmericium has decayed away from the
i nventory.

Wth this, the early eruptions tend to
drive the expected dose from igneous activity. So
this would be representative of the dose results.

Now, for these radionuclides in this
particul ar cal cul ati on, the pathways t hat dom nate are
i nhal ation, basically. 1t is over 90 percent for each
radi onuclide. Sothat is basically theinsight there.

VI CE- CHAI RVAN RYAN: | f | understand, you
are allowi ng i nhal ation all the way up to 100 mi crons.

MR. LaPLANTE: Well, like | said before,
the mass loading nodel, | believe, is capturing
particles that could go up to 100 microns, yes. And
so we are inhaling nore particles, essentially nore
mass than the dosinetry nodel woul d.

VI CE- CHAl RVAN RYAN: And, again, | defer
to Dr. Eckerman's know edge, but there is a nmechani sm

to make that calculation. | guess at sone point it
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becones an ingestion, not an inhalation.

MR. LaPLANTE: Right. Larger particles,
| think generally above 20 m crons, get trappedin the
nasal pharynx. And then --

VI CE- CHAI RVAN RYAN:  You swal | ow.

MR. LaPLANTE: Swal |l ow. An ingestion dose
is | think generally a couple of orders of magnitude
bel ow i nhal ati on. And so --

VI CE- CHAl RVAN RYAN: Particularlyif it's
i nsol ubl e.

MR. LaPLANTE: Wthin this calculation,
t hat becones sort of a |l oss nechani smthat woul d | ower
t he dose.

VI CE- CHAI RVAN RYAN: But do you do that?
| nmean, do you assume it's inhaled or do you --

MR.  LaPLANTE: W are not explicitly
accounting for the ingestion portion. So, likel said
before, the inhalation calculation is conservative.
And we are currently looking at an alternative
dosi metry nodel, sone of the |ater nodels that have
been devel oped by CRP, to try and get a better handl e
on how much are we overestinmating that if we use nore
refined nodel s to account for sone of these processes,
i ke the nasal pharynx ingestion?

DR. MOELLER  Coul d you go back to nunber
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10, the previous one?

MR, LaPLANTE: Sure.

DR, MCELLER Do any of them have
i nhal ation or direct exposure? You know, it is a
little difficult.

MR. LaPLANTE: Oh, yes. Well, | guess the
thing about this that | didn't nmention is those two
pat hways, crop i ngestion and drinki ng water, general ly
dom nate t he dose so nmuch that you don't even see the
di rect exposure and the i nhal ati on for the groundwat er
pathway. |It's there, but that is why it is on the
key. Those are the pathways we nodel .

VI CE- CHAIl RVAN RYAN: We have a questi on,
| think, from Chris MKenney.

MR. MCKENNEY: No. This is Chris McKenney
for the staff.

It is nore of a comment on t he ot her side,
which was the other side, of course, for the mass
| oadi ng i ssue, there are two sides. W can have dose
conversion factors of different particle sizes.

But, in addition, we haveto first be able
to differentiate the nass | oading for different size
particles, too. And we are currently investigating
how much that can be done and what sort of |evel data

we can justify partitioning the mass loading into
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different particle sizes because that is what is
really the heart of the matter.

You have to partition the mass | oading
factor, first of all, so that you can come up with
what are you going to conmpare to the different dose
conversion factors.

| nean, both are theoretically possible,
but whether you can get nore volcanic ash with a
justifiable partitioning of the mass loading termis
areal difficulty.

VI CE- CHAI RVAN RYAN:  Thank you.

MR. LaPLANTE: kay.

DR. MOELLER: Again, one of the
evaporative coolers included in the groundwater is
i nhal ati on.

MR. LaPLANTE: We don't have that node
directly in our TPA code, but we have done anal yses
of f-1ine. We actually in the past based on our
anal yses, it didn't come up as really, really
i mportant, but it was inportant enough to ask DCE to
consider that. And so now they are nodeling it.

Next slide, please. In sunmmary, the
i mportant biosphere pathways include inhalation and
resuspended volcanic ash and consunption of

contam nated drinking water in |ocal crops.
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Qovi ously the bi osphere pat hway nodel i ng
is an ongoing activity. W have been doing it for a
long time. It is a learning process. Risk insights
five years ago were cruder than they are now And we
are continuing to develop sone of these additiona
insights for the inhalation pathway, for exanple.

In general, the biosphere nodeling
supports our prelicensing review activities and
prepares the staff for thelicense applicationreview.

We ar e enphasi zi ng, of course, protection

of public safety as well as increasing realism
flexibility, and efficiency of our code. |If we put
all of the details in there, it wll never stop

runni ng, uncertainty reduction and elimnating
i mpl ausi bl e assunpti ons.

The results, risk-inform our staff
activities. Early efforts in biosphere nodeling
hel ped us develop the Yucca Muntain review plan,
whi ch was di scussed inthe first tal k today, and f ocus
our document reviews, which led to sone of these
agreenents that | amactually going to tal k about in
tonorrownorning' s presentation, riskinsights and DOE
docunent reviews or our reviews of DOE docunents.

In general, our risk insights focus our

techni cal work on the nost significant and uncertain
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areas. Sone things can be very significant, but if
t hey have no uncertainty, there is no point in going
further with them

VI CE- CHAI RVAN RYAN: Rut h, did you have a
guesti on?

MEMBER WEI NER: Yes. Pat, could you
sunmarize briefly what the major differences between
your approach and DOE' s approach are?

MR, LaPLANTE: Well, | guess if | would
have to give a general comment, | would say in
general, we are nodel i ng pat hways i n t he bi osphere in
a fairly simlar manner.

For years, they used t he same code t hat we
di d. They recently just changed their nodel by
inputting all of the mat hemati cal nodel s i nto Gol dSi m

W just got that docunent. So we
obvi ously haven't had a chance to digest this big,
t hi ck new bi osphere nodel docunment. M understandi ng
isthey didn't radically change the mat hemati cs, they
just sort of inplenmented the nodels within GoldSimto
all ow nore stochastic flexibility and so forth.

MEMBER WEI NER: Are there any mgjor
differences in the assunptions that you nake or, for
i nstance, that you can point out that would lead to

different results?
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MR LaPLANTE: | think if | |ook at the
magni tude of |ike their BDCFs versus our BDCFs, |
think they are generally pretty simlar. In some
cases, they may make certain assunptions for certain
paraneters that are quite a bit different than ours,
but sonme things go up, some things go down. And they
all kind of balance out. So | don't see any nmjor
di f f erences.

Again, we just got a bunch of new
docunentation in. Much of the stuff we reviewed
recently has just been to deal with the past conments
that we had on the SR nodel. So we got the new
docunentation in and revi ewed.

W reviewed the portions of those
docunents that related to our past comments. W did
not do a conpl ete, conprehensive review of all seven
AMRs that recently were produced.

We are going to continue to nonitor what
t hey are doing and | ook for differences. | don't see
any major differences. | did note the one thing.
They changed t he way t hey were averagi ng their survey
data for consunption rates, for instance.

They used to choose a hi gher val ue based
on, | believe, averaging anong the group of people

that is consum ng the crops. Now they are averagi ng
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anong the entire popul ation, | believe, whether they
consune crops or not.

There are a l ot of zeros inthere. So it
tends to | ower the consunption rate. And that is what
dropped out that | eafy vegetabl e consunpti on pat hway.

But since that drinking water dose
calculation is largely fixed, 2 liters per day, it's
just concentration tines intake, and that is 50
percent of the dose. W are very consistent on that
part of it. You don't have nmuch to change in that
ot her 50 percent.

VI CE- CHAl RVAN  RYAN: Let's turn our
guestions to the panel. Yes, please?

DR. DANIELS: | would li ke to ask, you may
have spoken about it, but I amnot clear. Are you
using the internal capability of the GENIl nodel to
calculate the dose conversion factors or are you
selecting then? Do you know a lot of the fed
gui dance?

MR. LaPLANTE: We're using the val ues out
of the federal guidance. The GENII code basical ly has
t hree execut abl es i n t hat package. The first one does
i nput processing. The second one does the pathway
cal cul ati ons, which outputs intakes, curies per year

for each crop type and all of that.
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W are using that. And then we are
mul tiplying the federal guidance values to those
i ntakes to convert to dose within our TPA code.

The GENIl code is a determ nistic code.
And we have got it linked intothe stochastic sanpling
capabilities of our TPA code. So we i nclude the GENI I
paranmeters as i nput parameters for our TPA runs. W
can sanple them just like we can sanple all of the
ot her TPA paraneters.

And it wites the input file for each
realization for that GENI code, runs through the
pat hway cal cul ati ons, gets the intakes, and t hen grabs
the federal guidance values from a |ook-up table,
multiplies it out, and gets a dose for each
radi onucl i de and pat hway. That is just for one
real i zation. Then it just iterates over and over
agai n.

So we are running the GENI' I code wi th unit
groundwat er concentrations just for that executionto
get out of BDCF, but it is all pretty nicely
integrated into the calculations. So the dose
calculations are fully integrated into our TPA code.

VI CE- CHAI RVAN RYAN: Any ot her questions?

CHAI RVAN GARRI CK:  I'mgoingto ask Ruth's

guestion just a little differently. You qualified
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your nodel at the outset with the expression along the
lines that you were preparing yourself to review,
rat her than necessarily to nodel the bi osphere. Wat
did you do differently if you were not doing that?

MR LaPLANTE: Well, | guess the point
there was if | were a licensee, | would be nore
interested in developing ny client's case. And, as
you know, many |icensees out there are using very
sinmplistic and conservative nodels to nake their
conpl i ance denonstrations for NRC |icensing actions.

And they can nmake w ldly conservative
assunptions. And they don't have anything to do with
reality, but if they conply with the standards, that
coul d pass because it gives you confidence, gives NRC
confidence that they are not wunderestimating the
consequences.

Now, fromour standpoint, we are preparing
toreview W want to do things as realistically as
we can to get a handl e on what are the processes that
are inportant in the biosphere, what should we focus
on, what maybe do we not need to focus as nuch
attention on. And | think that is sort of the
di stinction.

A licensee may not be that focused on

nodeling reality to denonstrate conpliance. They | ook
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at the standards, see what they need to denonstrate,
and then do their nodeling and nmake all kinds of
deci si ons on whi ch baskets they want to put their eggs
in and where they want to spend their resources.

CHAI RVAN  GARRI CK: So your carbon-14
results would be different?

MR LaPLANTE: Well, our carbon-14 results
were not incorporated in the nodel. W used to nodel
carbon-14, but we didn't see it as inportant for an
i ndi vi dual dose cal culation for this particular site.

So that was one of those aspects that we
considered early on, andit didn't really make it into
t he final nodel

CHAI RVAN  GARRI CK: Just one other
guesti on. You indicated that you considered 43
radi onuclides and 26 elenments. Was it the TPA that
was the basis for your choice?

MR. LaPLANTE: Are you asking the
radi onucl i des of t he TPA code nodel s to be consi stent?

CHAl RVAN GARRI CK:  Yes.

MR, LaPLANTE: Yes.

CHAI RMAN GARRI CK:  Yes. (kay.

DR. DANIELS: Could | just ask one | ast
qguestion? Didyou run the conservative determnistic

case as well as a sensitivity?

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

186

MR. LaPLANTE: The conservative
determ ni stic case? Which case are you referring to?

DR. DANI ELS: Well, you nentioned that if
you were a |icensee, that you --

MR. LaPLANTE: Oh, okay. Did we pretend
i n our due boundi ng anal yses?

DR DAN ELS: Yes.

MR.  LaPLANTE: | think our biosphere
nodel i ng has evol ved over the years. Like |l said, we
started | ooking at this closely inthe early '90s. At
the tine, there were no regul ations. | think what we
had to go on were the WPP regulations that were
maxi mal |y exposed individual, | think.

So we started out with pretty conservative
assunpti ons. Over the years, we have refined and
backed away f romunreal i stic assunptions and so forth,
but we have done those cal cul ations early on.

So | think we started out pretty
conservative. And as we go into nore details, we are
able to back off on the conservati sm

VI CE- CHAl RVAN  RYAN: Rut h? Ji nP
Questions? Thank you very nuch.

MR. LaPLANTE: Thank you.

VI CE- CHAl RVAN  RYAN: Next up, Maryla

Wasi ol ek. Maryla's title is environmental transport
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and receptor exposure pathways for the biosphere
nodel .

7.1.2) PRESENTATI ON BY DOE REPRESENTATI VE(S)

DR.  WASI OLEK: | am going to present
pat hway and paraneter inportance analysis or results
of pathway and inportance analysis for the DOE
bi osphere nodel, the nodel Kurt expl ai ned.

Next slide. Thank you. | will start off
with presenting overall results of pathway anal yses
just to sort of put the whole presentation into
per specti ve.

Il will |imt the discussion to the
groundwater release. | amnot going to discuss the
vol cani ¢ case, just the groundwater case. The source
of radionuclides is the groundwater.

Then | will di scuss inmportant pat hways and
i mportant radi onuclides for theinportant pat hways and
paranmeters for radionuclides that are identified by
ACNW as a candi date for the discussion.

Qur sensitivity and inportance anal ysis
results, we told themprelimnary, although the nodel
runs exist and they are docunented. But we are
currently working on the docunent that sunmmari zes t he
results of sensitivity and pathway anal ysis.

Maybe as a brief answer to sone commrents
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and sort of to put this discussion into perspective,
our nodel is a simlar nodel to the nodel that we had
bef ore.

We basically had explained it accurately.
We took the core of our previous nodel and put it in
the different shelling sowe could make our nodel nore
transparent, we could show exactly how various
pat hways are nodel ed.

We have very t horough docunent ati on of the
nodel , including all of its input paranmeters. So it
is really a lot of docunentation, |ike just the
descri pti on of how we devel oped di stri butions for the
i nput paraneters of al nost 900 pages. And it is al
online, just the nost critical way.

Because the nodel is so conplex, | mean,
what we are going to discuss here will just barely
scratch the surface. \Whenever it is necessary, we
will try to sort of pull the thread and try to get to
t he bott omof why we have certai n pat hways and certain
mechani sns, transport nechanisns, that are nore
i nportant than others.

This slide shows this is an overvi ew of
t he pat hway anal ysi s results for the six radi onuclides
that were selected by the ACNW And these are

carbon- 14, technetium 99, iodine-129, neptuni um 237,
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pl ut oni um 239, and anericium241. They are in the
order of increasing mass nunbers. This will help us
show trends that are in the behavior of the
radi onuclides and in the pathway inportance.

The first thing that we can notice is that
pat hway i ngesti on, water ingestion pathway, is by far
t he nost i nportant, regardl ess of radionuclide. It is
the one that is furthest to the left.

So the results are average percentage
pat hway contri bution. These are average results
because we run the nodel using 1,000 realizations.
Every bar is an average of 1,000 results.

VI CE- CHAl RVAN RYAN: At what tine are
t hese cal cul ated? Cl osure? Because it is the
10, 000t h year?

DR. WASI OLEK: On, this is biosphere dose
conversion factors.

VI CE- CHAl RVAN RYAN: Ch, these are the

factors?
DR WASI OLEK:  Yes.
VI CE- CHAI RVAN RYAN: Onh, okay. All right.
DR. WASI OLEK: These are biosphere and
their contribution. So we take a biosphere dose

conversion factor for a radionuclide and dissect it

i nto water i ngesti on conponent, ot her food conmponents,
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i nhal ati on, soluble ingestion. And these would show
percent pathway contributions for the BDCF.

MEMBER VEI NER: How big is your
uncertainty band there? Those are averages.

DR. WASICOLEK: | will show uncertainties
for selected radionuclides |ater.

MEMBER WEI NER:  Thank you.

DR. MOELLER Inthe first row, again, for
tap water, what is 60 percent?

DR. WASI OLEK: Sixty percent of the BDCF
for given radi onucl i des cones fromt he dri nki ng wat er.

DR. MCELLER Ckay. | see what you mean.

Al right.

DR.  WASI OLEK: So, for exanple, for
techneti um 99, 40-sone, or 50 percent, -- it is a
prospective thing here -- is fromthe drinking water

and about 15 or 20 will be froml eafy vegetables. So
this is howto --

DR MOELLER: So class horizontal and
total --

DR. WASI OLEK: But it is in such a way of
showi ng the results because we can see patterns anong
t he radi onuclides. W see the light radionuclides,
those that are nodeled in the environnent, tend to

have a rel ati vel y good appear ance of ingestion across
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the various food products that we consider in the
nodel .

And then as we nove towards actinides,
ingestion practically disappears except for the
groundwat er. But what appears is we have this island
here of inhalation, whichis part of that. It is only
40 acti ni des. So there was a general pattern,
i ngestion for radionuclides |like technetium i odine,
i nhal ati on per actinides, and water for just about
ever ybody.

VI CE- CHAI RMAN RYAN: Is it fair to say
that is driven by their relative environnenta
insolubilities?

DR.  WASI OLEK: Oh  yes, absolutely.
Absol utely. That is exactly what this graphreflects,
how t hey behave in the environnent.

Coul d I have the next slide, please? This
slide shows a very simlar graph for the future
climate, for the upper bound of the glacial transition
climate.

What are the differences? Because we
reviewed it last, the field of the radionuclides in
the soil goes down. So everything that is related to
the soil is pretty much suppressed. Water becones

nore inportant becane it is a factor that does not
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vary.

So the relative contribution from the
wat er pat hway goes up, and everything el se pretty nuch
goes down: inhalation because it is driven by the
concentrationinthe soil, al so food consunpti on. But
it is not a major difference.

DR. MOELLER And, once again, the
inhalation is due to these evaporative cool ers?

DR WASIOLEK: No. Well, I wll get to
t he i nhal ati on pathway later, but it depends on the
climate. Evaporative coolers are |less inportant for
the future planet, but regardl ess of that, inhalation
is primarily driven by the inhalation of particul ate
matter, not the evaporative cool ers.

Exposure of the receptor is driven by the
concentration of radionuclides in the environmental
nmedi a t he receptor comes into contact with. And al so
it isdriven by the parameters which descri be receptor
exposure, such as assunption rates or how |long the
receptors dispense at a given environnent or the
nature of the contact of this individual wth
confi ni ng medi a.

So in the next slides, we will try to
explore nmore into how inportant i ndi vi dual

environnental transport pathways are in the overal

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

193

picture. And, again, the graph shows the sane or
suspect five radionuclides. Carbon-14 is not
included. | will get to this in just a while.

So what this graph shows, these are
fractions, average fractions, of radionuclide
concentration in crops. This is only for the crops
that result from a given environnental transport
pat hway. And for radi onuclide transport to crops, we
di stinguish three environnmental transport pathways,
which is uptake by the roots and deposition by
recessed particulates and deposition of irrigation
wat er on plants.

That is the orange. Orange cylinders are
doused. The next one, towards the background, is root
uptake. Irrigation are the tallest blue cylinders,
the bars in the back.

What we can see is that, by far,
radi onucl i de deposition on plant surfaces dom nates
from the irrigation water. It is a dom nant
envi ronnental transport pathway.

This again got averaged over four
i ndi vidual crop types that we consider crop types for
human consunpti on, which are | eafy vegetabl es, other
veget abl es, fruits, and grains.

VI CE- CHAl RVAN RYAN: David, you had a
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guesti on?

DR. KOCHER: Yes. We are back to the
equi l i briumconcentrati on busi ness agai n because t hat
iscritical tothisresult. Theirrigation water part
of this calculation conmes to equilibriumvery quickly
because -- | don't know -- nean residence time on a
pl ant surface is 10 days, 20 days, sonething like
t hat .

So the key here is what are you assum ng
about how long it takes to reach equilibriumin the
soi | because the |l onger it takes, the nore buil dup you
get and the nore inportant root uptake gets.

The irrigation part of it just sort of
stays constant after a few days. Over tine, the root
upt ake increases. So it is really critical what you
are assumng for howlongis this irrigation going on
as root uptake occurs.

DR. WASIOLEK: Well, this is the part of
our assignnent that we tried to explain before the
br eak.

DR. KOCHER: | understand how you do it,
but what do you assune?

DR. WASIOLEK: How long it takes for the

DR. KOCHER: Yes. Howlong did it take?
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DR. WASI OLEK: It depends on the

radi onucl i des.

DR. KOCHER: For exanpl e?

DR. WASI OLEK: Well, for technetium it
takes | think 20. W have a table. | don't renmenber
t he exact nunbers, but these are like -- | don't know
-- 20-30 years for technetium and maybe 1, 000 years
for plutonium

DR. THORNE: If I could comment? | think
there is a key question here actually, about the
chem cal form | think when you do technetium
because this is a sandy soil, you are effectively
assuming that it is the protectonate and, therefore,
it has a lowretardation and, therefore, it conmes to
equilibriumon the order of a few years.

DR WASI OLEK:  Yes,

DR. THORNE: Fundanental to both the
technetium and iodine questions to ny mnd is the
change in redux state as you nobve down the soil
profile and the degree of change absorption that may
occur as you nove from technetium as protectant to
CTO, m nus.

|'ve gotten what you said this norning.
You know, it is possible that availability decreases

as Kd increases.
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DR. WASI OLEK: Yes. Technetiumis very
sensitive to redux conditions. We assunme the
technetium is TCO, protectonate. And we do so
consi stently throughout the whol e food chain. It also
comes up as a problemor potential problemin aninal
upt ake, whether it gets converted into TCO, or not,
whi ch is insoluble, which increases the intake. And
if this question conmes up later, | would be glad to
el aborate on that.

So yes, we do assume that we have TCO,,
that we do not account for a possible reduction of
TCO, to TCO, as it travels through the profile.

VI CE- CHAI RVAN RYAN: |'msorry? You did
or did not account for that?

DR. WASI OLEK: Excuse ne?

VI CE- CHAl RVAN RYAN:  You did or did not
account for that?

DR WASI OLEK: We did not account for
t hat .

VI CE- CHAI RVAN RYAN: Ckay. Ruth?

MEMBER VEEI NER:  Si nce your results are so
sensitive to the chem cal nature of the solubility,
the equilibriumand so on, have you consi dered doi ng
adistributionor asensitivity analysis? Wat if you

did use TCG? How would that make your results
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different?

It seems tonethisis alogical point for
sone sort of sensitivity analysis or uncertainty
di stribution because, really, you are nmking the
assunptions whi ch appear to drive your results.

DR. WASI CLEK: Well, there is a graph
| ater on that shows how sensitive will the results be
t o how qui ckly the technetiumis renoved fromthe root
zone. Wien | get to this point, |I hope |l will have
answer ed your question.

MEMBER WEI NER: Ckay. Thank you.

DR WASI OLEK: There is a graph of it.

VI CE- CHAI RVAN RYAN:  Yes, pl ease?

DR.  THORNE: | think | would like to
comment on that before we get there because | think
there is a conceptual nodeling problem

It is not a question of whether it is TCO,
m nus t hroughout the systemor TCGO, m nus throughout
the system It is a question of whether within the
soil profilethere are transformations betweenthe two
and the storage conpartnent; that is, at the free
acting surface and below, is actually TCO, m nus and
that is what retains it. But as the soil dries out
and it becones oxygenated, there is a conversion to

TCO, m nus. And pl ant uptake occurs fromthat phase.
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It is the kinetics of that process that
seemto ne to be the question and not sinply a one or
t he ot her.

VI CE- CHAI RVAN RYAN: O her questions?
Comments? Yes, John?

DR, TILL: So just to make it clear,
pl utoni um 239, for exanple, is based on essentially
1,000 years of buildup in the soil --

DR WASI OLEK: That's correct.

DR. TILL: --  through irrigation
practices, right?

DR WASI OLEK: That's right.

DR TILL: GCkay. This will be inportant
later on in the calculation of the inhalation dose
because that would affect it significantly.

DR. WASI OLEK: Absolutely, absolutely.

DR TILL: So | think | understand now

what they have done. | amnot sure | agree.
VI CE- CHAI RVMAN RYAN: Vell, let's ask
Maryla to continue. | think we will have sonme of our

guestions as she goes al ong.

DR. WASI OLEK: So just tofinishwiththis
graph, root uptake is, for exanple, inportant for
taking assune and not quite so for ot her

radi onuclides. And the inportance goes down as the
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atom ¢ nunber goes up.

The deposition fromdust is arelatively
insignificant contributor. Andit does increase as we
go towards actini des just because there is a stronger
accunul ation in the soil for these guys.

Carbon-14 is not included on the graph
because it has different transport mechani sms. Andin
the case of carbon-14 transfer to crops, alnost 100
percent is fromair, fromthe air. And very little of
it is through the roots.

VI CE- CHAI RVAN RYAN:  Davi d?

DR. KOCHER  Are you aware that sonebody
has actual ly nmeasured root uptake of carbon-14?

DR WASI OLEK: Vwell, we found a few
articles | think with Shepherd.

DR. KOCHER: Yes, quite illum nating.

CHAl RVAN GARRI CK: How so?

DR. KOCHER: Well, BV is on the order of
.1 to 1. So, |I nmean, | think this assunption just
isn't right. Carbonis not magic. It works just like
everything else with a few exception. It buffers in
wat er . You know, not everything does that. Not
everyt hi ng makes bubbl es i n chanpagne.

In ternms of behavior in the environment,

itisverylittledifferent fromother things. Andit
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gets absorbed through the roots just |ike everything
el se.

DR. THORNE: | think the other thing,
t hough, isirrigationis quite aninteresting question
because if it is also in the soils, though, and you
have capture under the canopy, when you put a canopy
infront of it, you have got your prior concentration.

DR. WASI OLEK: This is exactly what we do.

DR. THORNE: So there is a driving force
the other way for the enhanced folia uptake sinply
because the concentrations are seen as enhanced in
t hat sub-canopy at nosphere. That is only at the stage

t hat you have got a mature aplonb with a fully fl edged

canopy.
| think it is a difficult one to nodel.
DR. WASI OLEK: Yes. This is exactly what
we do. We allow carbon escape fromthe soil. W
assune a mxing cell in which we predict wnd

velocities that are for the canopy. So they are nuch
| ower .

Not much m xi ng occurs because we nodel it
as wi nd speed in the new surface environnment. And we
| et the plants absorb carbon fromthat m xing cell.

DR. THORNE: That is what | did. That is

what brought it up, the sane thing.

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

201
DR. WASI OLEK: Right or wong. Animals.

For the animals, | couldn't have |unped them al
together, the animal products, which is neat, mlKk,
poultry, and eggs. These are four animal products
consi dered in the nodel

| couldn't have | unped themall together
like |l didw th the crops because there were just nore
di ff erences between them pretty nmuch bet ween neat and
m | k and poultry and eggs. That is why | divided them
into two graphs.

VWhat we can see is that for nmeat and m |k
contribution fromanimal, feed is the nost inportant.
And t he i nportance goes down wi t h t he at om ¢ nunber of
radi onucl i des.

Consunption of soil goes up with the
atom ¢ nunber, again, for the sane reasons that we
poi nted out before. And the water ingestionis not a
very significant pathway. By the way, soil ingestion
is a new pathway that we added to the nodel that we
di d not have before in the JNES because JNES just did
not have the staff link. And it turns out that it is
quite inportant.

JNES only has feed and water. And, as you
can see, especially for poultry and eggs, | suppose

maybe because chi ckens go around and | ook for soil, it
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is quite an inportant pathway.

DR. KOCHER: | amhaving a |l ot of trouble
withthis. | amprobably conpletely wong, as al ways.
Go back to the last slide. On the top there, you are
telling ne that nost of the radioactivity that ends up
in animl products cones from their eating feed,
rather than drinking water fromthe source, that the
ani mal s are consuned to be drinking this contam nated
water fromthe well, right?

DR. WASI OLEK: Do you nean for technetiunf
It is nore because we have --

DR. KOCHER: Well, the blue is high for
everyt hing on the top.

DR WASI OLEK:  Yes.

DR. KOCHER: | find that really hard to
reconcile with the previ ous one, which for humans was
just the other way around. In fact, | don't think
this is possible.

Ask yoursel f the foll owi ng question. | am
a cow out there, and I am drinking water and | am
eating grain. Wichis the bigger source of water for
nme? Do | get nore water fromdrinking out of the tank
or do | get nore water by eating alfalfa?

DR. WASI OLEK: Wel |, don't forget that for

human consunpti on, we have to renenber that not all
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fruit that is eaten cones froma contam nated source,
whi ch throws this bal ance of f conpletely.

For animals, every blade of grass that
t hey eat and every grain of corn that they pack onis
contam nated. For hunmans, just because we base their
consunption rates on |ocal population, only a small
fraction of their foodis contam nated, but all of the
drinking water is contan nated.

A cowwll eat 100 kil ogranms or whatever
of contam nated feed. And a person will only eat two.

DR KOCHER: | just don't believe that
nost of the water in a cow conmes fromeating food. |
just don't believe it.

DR. ECKERMAN: It's the same deal here.
Most of the technetiumis comng fromthe feed, cow,
right, because that is what this graph is saying, --

DR WASI OLEK:  Yes.

DR. ECKERMAN:. -- which, of course, goes
back again to your question about the equilibrium
because you have forced the feed concentrations i f we
had equilibrium --

DR. WASI OLEK: That's right.

DR. ECKERMAN: -- what ever t hey took, from
the irrigation pathway, where it is drinking the

wat er . Now, the unit concentration, the other one,
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has been anplified by the continued deposition.

DR WASI OLEK:  Yes.

DR ECKERMAN: So | think it makes sense
when you figure out howit is all normalized back to
unit concentration of water.

DR. KOCHER: Root uptake of plutoniumis
virtually zero.

DR. WASI OLEK: Yes. But this is the key.
Thi s graph does not show nmechani smfor transport to
feed. So when you are | ooking at this graph, the fact
that they get a lot from feed does not nean that
plutonium in the feed cane from root uptake. | t
didn"t. It cane fromthe sanme nmechanisns that were
shown i n t he previ ous graph, whichis very simlar for
t he feed.

Most of it for plutoni umbecause you were
aski ng about plutoniumis fromirrigation water and
dust deposition. Root uptake was very, very snall
al nost nonexi stent.

DR. KOCHER: The residence time, you
cannot accumrul ate plutonium on the surface of that

pl ant for |onger than 60 days.

DR, WAS| OLEK: It is deposition of
contam nated dust. It is a dynam c process that we
nodel, also because we consider growh time and
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weat hering factor. So we are continuously depositing
contamnating soil on the plant surface and
conti nuously renoving it.

DR. KOCHER: It doesn't hold up.

DR. WASI OLEK: It cones to an equilibrium

DR KOCHER: No. She just told me that
that is not it.

DR ECKERMAN: But | think she --

DR WASI OLEK: | am expl ai ni ng.

DR. ECKERMAN: | think you are m xing the
two. You have got to take out the part about the
water, the irrigation of plant, and then the
irrigation of the soil.

DR. WASI CLEK: Oh, yes. They are two
di fferent things.

DR. ECKERMAN: Yes, right. And I think
you haven't explained both of those to us. That is
why there is sone confusion.

DR. WASI OLEK: Ckay. Irrigation of the
soil is a long-term process that leads to this
equi libriumconcentration. Irrigationof theplant is
a dynam c process that reduces water with the current
concentration, which is unit concentration.

DR. ECKERMAN: So at the end of the day,

nost of the activity that is on the plant has cone
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fromfirst when its deposit was on the soil and then
resuspended.

DR.  WASI OLEK: Sonme of it wll be
deposited on the soil and resuspended. Sone of it
will come fromthe irrigation water that --

VI CE- CHAI RVAN RYAN: |' mgoi ng to make t he
suggestion in the interest of tinme, we have to nove
on. We could probably spend the rest of the day
wor ki ng through these irrigation nodels, but | think
we really would maybe |ike to ask Maryla to nove on
wi th one | ast question.

DR. TILL: Not a question.

VI CE- CHAI RVMAN RYAN: (Qbservation

DR TILL: It's inmportant to know that,
even in cattle feed, you have got 10 to 14 percent
noi sture. Alfalfa usually runs eight percent, ten
percent noi sture. Silage will run 14-15 percent
noi st ure.

So you do have a way to get noisture in
cattle feed. Plus, you are compounding it with this
buil dup in soil, resuspension on the plant, and the
deposition through the water on top of the corps. So
it doesn't look logical, but | see how that could
happen.

VI CE- CHAl RVAN RYAN: Okay. Well, let's
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press on. W can talk about this in the discussion.

DR. WAS| OLEK: Well, we are not really
renting these nodels. These are nodels that are
conmmonly used. It is the sanme nodel as in ten years,
for exanple.

Just a brief summary of receptor exposure
pathway. It is very simlar to the bar graph that |
started my presentation with. Just the ingestion and
i nhal ati on pat hways are sumari zed. | nean, they are
al | added up.

It shows that the water ingestion is an
i mportant pat hway. |ngestion of |ocally produced food
is also an inportant pathway, especially for |ight
nodel radi onucli des. And then as we nove to
inhalation, it beconmes nore inportant for actinides
because of the accunulation in the soil.

DR, THORNE: Could I just qualify that
one? The carbon-14, the ingestion is dom nated by
fish, though, isit not, rather than the plant? There
is an interesting question there because | think you
use a specific activity nodel between carbon-14 and
wat er - -

DR. WASI OLEK: That's right.

DR. THORNE: -- and carbon-14 in fish

And hiding under that nunber is the whole question
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about whether we should represent other sources of
carbon for fish because if we are tal king about fish
farmng, nost of the carbon cones from external
sources and not from carbon-14 in water

DR. WASI OLEK: Yes. W had a problemw th
this because this is not a natural system It is a
farm And we intervi ewed peopl e who used to run this
farm This buy comrercial pellets. They don't grow
fish food locally. And nost of the carbon in fish
conmes fromthe food and not fromthe water

But we were limted by our sources of
bi oaccunul ati on factors for carbon to whatever exists
in the literature. And we are sort of stuck wth
this.

VI CE- CHAI RVAN RYAN: Di d you eval uat e what
that neant in terns of either sensitivity or
uncertainty?

DR. WASI OLEK: Well, the uncertainty in
the distribution is included.

VI CE- CHAI RVAN RYAN:  Using fish pellets
versus contam nated feed?

DR WASI OLEK: Well, fish pellets are not
contam nated. They come fromthe outside.

VI CE- CHAl RVAN RYAN: That is ny point.

DR, WASI OLEK: They are externally
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produced. They are not contam nated at all

VI CE- CHAI RMAN RYAN: But this ingestionis
of what exactly?

DR WASIOLEK: It is primarily --

VI CE- CHAI RVAN RYAN:  Cont am nated fi sh.

Yes, please?

DR. SWFT: This is Peter Swift. | just
wanted to reiterate sonething that came up earlier
t hi s norning, that because of the repositories in the
unsaturated rock 18 kilometers from the exposure
poi nt, we had a choice back there to make also as to
what to do with the carbon- 14.

The choice there, the nonent when it
| eaves the waste package, was to put it all into the
wat er phase. So it reaches the receptor point with
all of the issue inventory of carbon-14, essentially
all of it because we don't retard it en route, is
still in the water.

So the water is punped out on the fields.
It then goes t hrough this pat hway near the crops or on
the fish, contains all of the carbon-14 that was
avai l able on the system W have |ost none to the
at nosphere until we get to the receptor point.

VI CE- CHAI RVAN RYAN: W really have to

press on. W are getting low on tine. So if you
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woul d continue, Maryla, please?

DR. WASI OLEK: Ckay. This graph is a
slice from the first graph that | showed, the
carbon-14 slice. | superinposed it wth the
consunption rates just to show how the consunption
rates of locally produced food influences the
i ndi vi dual pat hways for carbon-14.

The carbon nodel is based on relative
concentrations of carbon-14 and carbon in various
environnental nmedia. The transport of carbon through
the food chain reflects these ratios. So basically
carbon-14 concentrations are related to carbon
concentration in a given environnental nedi umof food
or whatever it is.

So if you look at the pattern of
consunptions of locally produced food, it is pretty
much which led to the pattern of percentage of
contribution of this pathway to the BDCF for
car bon- 14.

This is just a summary. Let's nobve on.
Let's skip this one. Fish, as we noted before, is an
i mportant, consunption of |locally produced fishis an
i nportant, pathway. Thisis howwe cal culate activity
concentration in the fish

| f it is a product of activity
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concentration in the water, what we call a nodifying
factor, which accounts for evaporation and possibly
concentration of the radionuclide in the fish pond.

And t he bi oaccumnul ation factor inthe case
of carbon, this concentration concentrates for a
factor, a nodifying factor. It is equal to one. W
do not concentrate carbon

Techneti um pat hways. |In essence, it is
very simlar to carbon in that for technetium water
is nmore inportant than it was for carbon and fish is
not a player, but the consunption rates are pretty
much reflected in the relative contributions of
i ndi vi dual food consunption pat hways.

External exposure, inhalation are not
inmportant. Neither is the soil. So | suppose we can
nove on. |f there are questions, just for the sake of
keeping up, the following slide just showed the
summary of what was said about the contributions of
t echneti um pat hways.

This slide shows where the uncertainties
are comng from The BDCFs got broken into major
conmponents. First, we have a total, but then we have
a drinking water, inhalation, ingestion. The synbol s,
the nost top one is the maxinum The | owest one is

the m ni mum of 1,000 values for that val ue of BDCF
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approxi mately BDCF. The synbols in between are the
95th percentile, and the green trend goes to neat.

So if we | ook at where the uncertainties
are in the techneti umpathway di stribution are com ng
from well, the uncertainty inthe BDCF, for instance,
is alnost entirely due to the uncertainty in the
non-wat er consunpti on pat hway.

Water is fixed. So there is no
uncertainty here because it is prescribed by the
regul ation. And the uncertainty, sinceinhalationis
external, the absolute values are so low, although
they are relatively uncertain, they don't contribute
to the total BDCF to any significant degree.

Now, | et ne read nmy nunbers. The BDCF for
technetium varies by a factor of 16 between mn ni mum
and maxi mum-- so this is the first group of synbols
-- and less than a factor of 4 between the 5th and
95t h percentil es.

For the non-water ingestion, we have a
variability range of about 200 bet ween t he m ni rumand
maxi mum So this is what contributes npst to the
distribution for the final distribution of the BDCFs
for technetium

Now, if we take a closer | ook at the root

upt ake, whi ch was an i nportant environnmental pathway
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for technetium we cal cul ate activity in concentration
inplant by nultiplying activity concentrationinthe
soil, soil-plant transfer factor, and dry-to-wet
ratio.

The values of transfer factors for
concentration ratios cone fromthe literature, not
only for technetiumbut for nost of our environnent al
transport paraneters. We do a literature search and
sel ect the val ues. In this case, there were nmany
different values. So we have chosen a distribution
that pretty nuch enconpasses the whole range of
val ues, which is marked on these graphs by thi s dashed
line. This would be the range of our distribution
around the val ue.

As far as we can, we are trying to recite
specifics. So, for exanple, dry-to-wet ratios were
devel oped on sel ecti on of representative crops for the
region.

| f we start drilling deeper, howdo we get
to specific quantities in the equation? A very
i mportant equation is obviously the one that
determ nes activity concentration in the soil but has
been di scussed nunerous tinmes already. And this is
t he very equation that we used to calculate activity

concentration in the soil.

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

214

In the nunerator, we have a product of
activity coefficient in the water, one, in this case
and irrigation rate. So this is our source.

The sanme terns are represented by an
effective |l oss factor, whichis a sumof three renova
constants, representing renoval s by radi oacti ve decay
| eeching from the surface soil and soil erosion.
Anong the three, leeching is the nost inportant.

The second equati on shows howwe cal cul ate
| eeching renoval constant.

DR. KOCHER: What is the val ue of | anbda,?

DR.  WASI OLEK: That is the value of
| anbda, .

DR. KOCHER: What is the val ue of | anbda,
t hat you assune?

DR WAS| OLEK: Lanbda,? Soil erosion. |
don't remenber what the value is. It is a
di stribution again of sonme val ues. | am not the
per son who devel oped this value. So | don't know what
is the exact nunber. But it isinthe report that you
can look it up online within --

DR. RAUTENSTRAUCH: This is Kurt
Raut enstrauch. It is on page 39 of my presentation.
| have some distributions of some of our paraneter

values in that.
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DR. WASI OLEK: Ckay. Luckily this one was

i ncl uded.

VI CE- CHAl RMAN RYAN: Maryla, |1'm just
| ooking at the clock, and I want to be respectful to
our tinme for public conments. Mybe | could ask you
to nmove through the rest of your slides alittle bit
and we can finish up

DR. WASI OLEK: Ckay.

VI CE- CHAI RVAN RYAN:  Thank you.

DR. WASI OLEK: Well, let's nove on. This
graph shows dependance of BDCF of sone over-watering
rate, which is an inportant parameter that controls
| eeching renoval concentration. It is a quite
i nteresting graph, too.

The next oneis alsointeresting. It sort
of addresses the question that Ruth has asked before,
how the uncertainties in values of paraneters that
will control renoval of technetiumin this case from
the soil affect BDCFs.

It actually is a very interesting graph.
W do have a correlation between Kd and transfer
coefficients, unlike the NCRP nodel. These two val ues
are correlated in our nodel.

One thing that we can see is that the

orders of magnitude variations in Kd values do not
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cause a lot of variability in the BDCFs. It is very
smal | variability, actually.

Thereis avery interestingeffect that we
see bet ween BDCFs and Kd. What we have, | ow val ues of
Kd, plants just suck it up fromthe technetiumfrom
the |liquid phase because it is all practically there.

And then, as Kd increases, the |ess
t echneti um becones avail able for root uptake. But
then, as we Kd increases, activity concentration in
t he soil increases, then the BDCFs go up again. So it
is a pretty neat graph

| odine pathway is very simlar to the
t echneti um pat hway. So we can probably skim over
t hese. Consunption of aninmal products is nore
inmportant for iodine just because the transfer
coefficients are higher for iodine than they are for
techneti um

As was the case wth technetium
variability in the iodine, pathway cones al nost
entirely from the variability in the non-water
conmponent, non-water food ingestion.

Because of t he relatively | ar ge
contribution of drinking water, which is a fixed
component, there isn't much variability in the BDCF

for iodine.
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For the transurani cs, food consunptionis
virtual |y nonexi stent. What counts is the inhalation
and consunption of water. If we look at the
i nhal ation for these three radionuclides and split it
into particul ate matter and evaporative cool er, which
answers Dave's question, what fraction conmes from
whi ch i nhal ati on conponent, the majority is fromthe
i nhal ati on of suspended particul ate matt er;
evaporative cool er, not very inportant. These val ues
are for the nodern clinmte. So for the future
climate, evaporative coolers are goingto be even | ess
i mportant.

If we look closer at the inhalation
pat hway, inhalation, if we spread the contributionto
the inhalation pathway, this is the inhalation of
particul ates, suspended particulate matter. Al nost
entire inhalation dose cones from people spending
their time in what we call an active outdoor
envi ronnent, which is the environment i n which people
di sturb soil, enhanced soil resuspension perfectly by
nmechani cal neans.

The other environnents, |ike inactive
out doors, which is outdoor without taking dust pretty
much, or indoor do not contribute that much to the

i nhal ati on dose. Again, if we start drilling and
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| ooki ng at what i ndivi dual paraneters cause this high
i nhal ati on dose i n the active outdoor environnent, we
will seethat activity concentrationinair is highin
active outdoor environnent, much higher than in the
remai ni ng environments.

| f we | ook at t he popul ati on-wei ghted tinme
spent in the environments, which is the graph that is
simlar to the pie chart that Kurt showed in his
presentation, people don't spend all that muchtinein
the active outdoor environment, popul ation-wei ghted
time, but the activity concentrationis so nuch hi gher
in this environnent.

The breathingrateisalittle bit higher,
too, in this environment. W use |ICRP-60 reference
val ues for the breathing rates. So this pretty nuch
is what drives inhal ation dose.

Thi s sl i de shows howi ndi vi dual paraneters
wer e devel oped for the inhal ati on pathway. So we can
ski p through this one.

The following slide shows inhalation
pat hway for the evaporative coolers. There are two
paraneters that are site-specific which control a
fraction of houses that have evaporative coolers,
which is a survey quantity. And evaporative cool er

use factor, which is driven by the climate, we nmake a
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det erm nati on when for a gi ven tenperat ure people w ||
use evaporative cool ers.

The inportant paraneter is activity
concentration in the air. Activity concentration in
the air is calculated as a product of sonme specs for
an evaporative cooler, how quickly it noves and how
much of it.

VWhat we call this FE stop, which is a
fraction of the radionuclidesinwater transfer inthe
air, this is sonmething that Mke nmentioned in the
nmorning. It is the paraneter that we could not find
any reference in the literature to.

So because this was a very new pat hway
that did not exist in our previous nodel and we had

absol utely no sense of howinportant it will play in

t he overal |l nodel, neither to just say, "I don't know
what is the value of it" -- sotheoretically it can be
bet ween zero and one. Let's see how it matters

Let's nove two slides. And this is howit matters.
For the nodern climte, if we change the
fraction of radionuclides transfer to the indoor air,
| rmean, the full swing from zero to one, we are
changi ng BDCF for neptunium which had the highest
contribution fromevaporative coolers by a factor of

1.35. And because nodern climate is hardly used in
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TSPA because it exists for such a short period of
time, the lower slide, the bottom graph will better
represent contributions from evaporative cool ers.

So this full range of possible val ues of
the fractions of radionuclides transferred to i ndoor
air only changes the BDCF by a factor of 1.12. So it
has a negligible effect on the BDCF.

The summary, basically it is just the
sunmary of the pat hway contri butions, which we can see
that there is a |imted nunber of pathways and
paraneters that control the doses.

Agai n, because of the nature of our nodel
and the way it ties with the TSPA nodel, we do not
know what the concentration of radionuclides is.

These values or the pathway analysis
applies only toindividual radionuclides. It does not
apply to the TSPA inportance, pathway inportance
anal ysi s because --

VI CE- CHAI RMAN RYAN: These are all wunit
concentrations, yes.

DR. WASIOLEK: Al unit concentrations.
For exanpl e, for us, technetium for exanple, whichis
a very inmportant player and cones at the top of every
TSPA anal ysis, BDCF for technetiumis the | owest of

them all because there was a | ot of technetium It
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cones out as an inportant player.

VI CE- CHAI RVAN  RYAN: Before we have
addi ti onal questions fromthe panel nmenbers or ACNW
nmenbers, are there any questions or corments fromthe
audi ence? Do nenbers of the public or staff have
conments at this point?

(No response.)

VI CE- CHAI RVAN RYAN: Ckay. Hearing that,
nore questions? | am sorry to cut you off, but |
wanted to make sure we had tinme for further questions
as well. John?

7.1.3) DI SCUSSI ON

DR TILL: Just a quick one. What is the
fraction of food generated | ocally versus inportedin?
What is that, food produced | ocally versus brought in
fromthe outside? What is the --

DR. WASIOLEK: It varies. It is based on
the results of the survey.

DR TILL: So what is it? Gve nme a
bal | park figure of what we are tal king about.

DR. WASIOLEK: On the slide, you wll see
t he exact nunbers on slide 9. It is in kilograns.

DR TILL: Slide 9 of?

DR. WASIOLEK: Slide 9. Here we go, the

bottom the |ower graph. These are the actual
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consunption rates in kilogranms per year of locally
produced food consuned.

DR TILL: That does not nmean it is --

DR. WASIOLEK: It is not the percentage.
These are the actuals. The one thing that we need to
stress out is Pat nmade a comment that our consunption
rates went down, but the receptor has changed.

| n t he previ ous assessnents, our receptor
was t he aver age nunber of the critical group. Now our
receptor is an average nunber of the valid percent.
And this does include people who do not consune any
food froma given food type.

VI CE- CHAIl RVAN RYAN:  Kurt, | think --

DR. RAUTENSTRAUCH: Kurt Rautenstrauch.
Yes. | can answer that in a sinplistic way. For
fruit, it is less than 18 percent of average daily
i ntake would conme fromlocally produced crops. For
ot her products, it is much less than that, certainly
| ess than ten percent, probably less than five. |
don't renenber the nunbers right off. Fruit is the
hi ghest one, and it is |less than 18 percent.

VI CE- CHAI RVAN RYAN: That is what |
want ed. David, do you have any questions?

DR. KOCHER It doesn't really matter in

the grand scheme of things, but the bioaccumul ation
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factor for carbon in fish is fishy.

DR. WASIOLEK:  Well, it is fishy.

DR KOCHER It is fishy.

DR. WASIOLEK: | agree. It is way too
hi gh.

DR. KOCHER: | amwondering. Specific egg
nodel s are wi dely m sused, but | amwondering if this
isn't a place where it really applies, that if you
know t he specific activity of carbon in that water,
whi ch you ought to because the water quality shoul d be
known - -

DR WASIOLEK: Fifty m crograns per liter.

DR. KOCHER  Surely, the fishes are not
going to accunul ate carbon-14 --

DR. WASICLEK: No nore than there is in
t he water.

DR. KOCHER: -- and not accunul ate
car bon-12.

DR WASI OLEK: Yes, but | look at --

DR. KOCHER  There is only one exposure
medi um for those critters.

DR. WASI CLEK: Basi cal |y, t hese
bi oaccurul ation factors refl ect exactly what you are
saying except that the poor fish take all of the

carbon fromthe water
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DR. THORNE: Now, that concentration

factor, say if they go up to 50,000 or 100,000 were
derived on exactly that basis. They took the carbon
content of fish. They divided it by the stable carbon
concentration and divided by the stable content of
water. That is where that nunber comes from

DR WASI OLEK: Exactly.

DR. THORNE: And that is why it is orders
of magni tude out.

DR. WASI CLEK: Stable carbon in fish is
about 20 percent. Stable carbon in water is about 50
m crograns. There you have it, 4,500.

DR. ECKERMAN: But | think what David was
saying is that nodel isn't applicable to this
situation.

DR. WASI OLEK: Yes. And we agree because
the conponents of the fish environnent are not in
equi libriumw th carbon. But there was not a single
study that | know of that sonmebody woul d cal cul ate
bi oaccunmul ation factors for farmed fish, where their
food is not contam nated.

VI CE- CHAl RMAN RYAN: To bring it back to
one of our central questions of uncertainty and/or
sensitivity and nmargin, this seens to be sonething

that isright for that sort of an eval uation, where it
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sounds like -- and correct meif | amwong -- you are
overestimati ng the dose from consunption of fish.

DR WASI OLEK: We do. That is correct.

VI CE- CHAI RVAN RYAN: And t hat coul d be an
upper limt or a bounding val ue.

DR. WASI OLEK: It is.

VI CE- CHAl RVAN RYAN: Have you thought
about ways to sanple that sonehow or to create sone
kind of an evaluation that is an upper limt? Wat
does it nore properly | ook |ike?

MEMBER HORNBERGER: Renenber your di ctunf

DR. ECKERMVAN: Yes, sir.

MEMBER HORNBERGER: If it is too
conservative --

DR. ECKERMAN. It is wong.

MEMBER HORNBERGER: -- it is wong. This
i S wrong.

DR. ECKERVAN: Okay. Well, thank you. |
have a convert.

VI CE- CHAI RVAN RYAN: Yes, sir.

DR. KOCHER: | did want to go back and
figure out what your loss rate constant for soil
erosi on i s because | don't get the answer froml ooki ng
on page 39 of the previous talk.

CHAI RVAN GARRICK: I n fact, my question
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was this was | abel ed kil ograns per cubic nmeter. How
is that a rate?

DR. KOCHER: That is not a rate constant.

CHAI RVAN GARRI CK: That is not a rate
constant. You noticed that, too. Not per year.

DR, WASI CLEK: | don't have the report
with ne. So |l don't want to nake up nunbers. | don't
know what it is.

CHAI RVAN GARRI CK: | suppose we can get
t hat tonorrow

DR. KOCHER: | suppose we could figure it
out. | amsure it will work. 1It's going to be not
har d.

CHAI RVAN GARRI CK:  Yes. Let's nake it a
homewor k probl em

DR WASIOLEK: It's aline. It is onthe
open Wb site.

VI CE- CHAl RMVAN RYAN: Yes? |'msorry.

DR. THORNE: Could I? Just two points.
| would like to return to the point | was talking
about about are we tal king about an individual or a
popul ation, which is one | raised this norning?

| think that one on the inhalation of
neptunium if we coul d possi bly go back to that slide,

makes that point absolutely perfectly. It is the
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i nhal ati on of particulate matter slide. Can we go
back? Keep on goi ng.

Now, i f you | ook at that, what drives that
istime active outdoors. And the weighted tinme inthe
environment for the average person in the survey is
about 0.3 hours per day. But the man who works on the
soil who is included in that is the guy who i s going
to be out there eight hours a day.

So there is a factor of potentially 25
dependi ng on whet her you tal k about an individual or
a popul ati on-wei ght ed average value. | think we can't
do anything about it internms of the definition of the
RMVEI, but | think you have got to be aware of that
di stinction between individualsinpopul ati ons because
of those sorts of differences.

VI CE- CHAI RVAN RYAN: That i s interesting.

DR. WASI OLEK: Wel |, probably it woul d not
be quite as high multiplier because the person woul d
not stand ei ght hours every single day of conducting
work in highly dusty activities. They would spend a
fraction of their tinme. So even for a person who is
an agricultural worker, thenultiplier wouldlikely be
much | ower than that.

VI CE- CHAIl RVAN RYAN: Dr. Wi ner?

VMEMBER VEI NER: | have, really, two
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guestions. The first one refers to an evaporative,
your evaporative cool er question, because that is the
way | cool ny house in the sunmertine.

The wat er circul at es t hrough a spongy pad,
normal Iy wood fibers. Now, | can't believe that that
won't pick up any particulate matter because it
certainly woul d.

It seems to ne also that given the | arge
nunber of evaporative coolers in existence, you could
measure. You could sinply nmeasure the particul ate
upt ake i n the pads of a normal evaporative cool er and
get sone ki nd of bound, sone ki nd of distribution that

is not, as Dr. Ryan says, sinply so conservative it is

wong. | would suggest you do that.
DR.  WASI OLEK: Well, to answer your
guestion, this concern, | said in the beginning this

is a new pat hway. Before you enmbark into conducting
a W de survey and neasure people's outputs, you are
trying to determ ne whether it is worth your effort or
not. And what we are trying to show here is that it
is not worth the effort because even this val ue, that
iswhy we let it swwng fromzero to one to see whet her
it matters.

And the answer is no, it doesn't really

matter, even if it is overestinmated So why woul d we
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go and conduct a survey of a parameter that is not
very inportant?

MEMBER VEEI NER: That is a perfectly good
answer if it is not inportant.

My other question has to do with the
animal feed. Having visited the Arnagosa Vall ey, as
we did, | am not convinced that all of the aninal
feed, even all of the alfalfa, these animals in the
val l ey consune is grown locally, | don't think they
can grow enough. | wondered what kind of effect that
has on your --

DR. WASI OLEK: W did not conduct ani ma
consunption surveys in the wvalley, just hunman
consunption surveys. Qur nodel does conservatively
assune that every kind of food that animals eat is
| ocal | y produced.

MEMBER WEI NER: That is ny point.

DR WAS| OLEK: It is a conservative
assunption. | agree.

VI CE- CHAl RVAN RYAN: We have two forner
farmers on this side of the table who want to talk to
you al so about feed. John?

DR TILL: Actually, Dr. Wei ner's question
about the evaporative cool er, what you are | osi ng here

is a chance to get credibility with people. Al
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right? | nmean, if it is a sinple thing to do, it is
sonething that is going to come up. And just sayi ng,

"Well, it isn't inmportant,” okay. It isn't inportant.
But if you could get the data, get it.

One of the things | believe that worries
me the nore | hear about this is that all of these
anal yses bei ng done by DOE are being based on ot her
people's work. And thereis alack of originality to
it. Okay?

Now, goi ng back to the animal feed, that
is a huge question. And it is a very inportant
guesti on. It is a credibility issue. It is very
sinmple to get the answer. You know that. Go to the
farmer and ask.

But also you can make a pretty quick
cal cul ati on. | can tell you you can't get enough
alfalfa for 5,000 cows out of 2,000 acres.

DR. WASI OLEK: There was a commerci al
operation, this huge farm which products mlk that
goes el sewhere. Apart from the farm not enough
alfalfa grown in the valley that can provide food for
t hose thousands of cows, we can have i ndividual
farmers that may grow enough food for one or two cows.

DR TILL: The question is, is there

enough food and can there be enough food grown i f you

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

231

are basing it on current statistics? You have 2,000
irrigated acres out there, right? | believe that is
what | saw. You can't produce enough food on 2,000
acres to feed those 5,000 cows, no matter what.

DR. WASI OLEK: The m | k out of these cows
is not consuned |locally. It is a comrercial
operation; whereas, individual farmers or individual
peopl e have been farmers. They can have a coupl e of
animal s, and they may i ndeed produce enough food.

DR TILL: So you are saying this is for
t he RMVEI.

DR WASI OLEK: Yes, for the RVEIl.

DR. THORNE: l"m sorry. There is a
| ogi cal inconsistency there. W have just had the
RMEI has average consunption rates over the whole
popul ati on. And now we have got one or two farners
drinking their own m | k. One of those can be t he RMVEI
or the other one can. They can't both be the RVE

DR. ECKERVMAN: And your equation for the
evaporators deals with the fracti on of the popul ati on
that is using the coolers. So it is back to this
further confusion of the popul ati on or individual are
we addr essi ng here because if it is an individual, the
cooler thing may |look a whole lot different to you

when you change that fraction to one, rather than what
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you have got.

DR. WASI OLEK: We have to be careful about
the paraneters that apply to an individual and
paraneters that apply to the environnent. The
paranmeters that apply to individuals are average
val ue. It was the subject was brought up in the
nor ni ng.

DR. ECKERMAN:  You al so have to be not
only sensitive to the paranmeter val ues, but you have
to be sensitive to the fornmulation of the nodel
because the fornmul ati on you have for the evaporative
coolers is not theright formulation to be appliedto
an individual .

So you have to keep your story. You have
got to stay consistent across the way. You have got
to use the right nodel formulation for the subject
t hat you are addressing. W have shown exanpl es t hat
we have got problenms with that right now.

DR.  WASI OLEK: Paraneters such as
behavi oral and dietary characteristics are averaged
for the popul ation. Parameters that are related to
environnental nedia, we allowthemto vary. They are
not averages. W allow themto vary over whatever
ranges are tweakabl e.

So there will be a difference in the way
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we devel op, say, evaporative cooler usage factor
because it will be an average for the RVE

DR. ECKERMAN: You understand what | am
sayi ng. If you look at slide 27, now, why is the
fraction of coolers there?

DR WASIOLEK: It is the RVEI. It is the

RMElI value. It reflects behaviors of the RVEI. It is
t he average val ue. The rule directs us to keep
dietary and |ifestyle characteristics for the

i ndi vidual for the RMVEI of their mean val ues.

So we do take the entire popul ation and
create this hypothetical individual that has average
characteristics for the entire popul ati onin Arnmagosa
Val | ey. This does the work like this for the
envi ronnent al .

VI CE- CHAl RMAN  RYAN: I think the
difficulty that we are having -- and I amgl ad you are
explaining it a bit -- is that there are certain
things -- and I think you said this -- that apply to
the RVElI as an average construct.

DR. WASI OLEK: That is right.

VI CE- CHAIl RVAN RYAN: We sonetinmes talk
about the RMVElI as if it were an individual, --

DR. WASIOLEK: It's not.

VI CE- CHAI RVAN RYAN: -- which it is not.
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So | think it is as nmuch a matter of semantics in
| ooki ng at each one of these paraneters as it is -- we
have to be careful not to confuse oursel ves or anybody
else that the RVElI is a reference individual |ike,
say, reference man cal cul ati ons are for i nternal dose.
It is a construct of an average circunstance.

| think the second thingis to ne -- and
| am summarizing a bit -- that we have to be carefu
that if we have this construct of an average
i ndividual, the RVEI to whom we are calculating a
dose, we have to check and nake sure that various
paraneters |like alfalfa that is used on farnms i s that
average circunmstance as well, do we not? | think that
is really the question that you heard in several
different forms here.

DR, SWFT: This is Peter Swift.
Commenting on the alfalfa and the 5,000 cows, | think
that is a bit of ared herring or a red cow. The cow
in question here is not the cow that lives in the
valley. It is the cowthat is eaten in the valley.

And if 5,000 cows are grown in the valley
but eaten in California, we don't really care where
their feed came from It is the feed that was given
to the cows that were eaten in the valley that

matters. And there may very well be enough alfalfato
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feed those cows.

VI CE- CHAI RVAN RYAN: We have tinme for one
or two nore. Maryla, did you want to sumup in any
way ?

DR. WASI OLEK: Well, | suppose --

DR TILL: I still want to --

VI CE- CHAI RVAN RYAN: Hang on. Let her go
ahead. Yes, please? Did you have any final comments
or, John, did you have a question?

DR TILL: Well, I think we have really
hit on sonething that is key here. | amnot sure |
full y understand what the regul ationis, what you have
to do, as opposed to what you have chosen to do.

What you have saidis because it isinthe
regul ati on that you have to take all of those people
inthevalley, 1,800 or so persons, and derive average
characteristics based on those 1,800 persons. You
have to do that? The regul ati on says that?

DR. McCARTIN  Yes, the regul ati on does
specify mean values. Inrelation just tocontinuethe
di scussi on about the al fal fa, what woul d be al | owed by
what is specified in the regul ation?

If indeed the alfalfa farnms in Armagosa
Valley currently use, let's say, 10 percent of the

feed grown i n Armagosa Val | ey, 90 percent of the feed
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that the cows use cone fromoutside the valley, then
they could assume 10 percent of the feed was
contam nat ed and 90 percent was not because that is
the practice on average if that was the average for
it.

Froma regul at ory st andpoi nt, assuni ng al
of it is contami nated, it would be conservative if
that was the practice.

DR TILL: Well, what |I'm trying to
clarify is what you have to do versus what you have
chosen to do. If | had 1,800 people in this valley,
the way | would do a risk assessnment on those 1, 800
people is to find what you know of as the critical
group of individuals, which is a smaller group of
peopl e.

It is agroup. It is not one person. It
is not an extreme. But it mght be your farners who
have those single cows, who have their evaporative
cool er and who drink the water fromthe well.

You m ght have 30 of these farners. And
then that is the way I woul d sel ect ny paraneters for
nmy individual for conpliance.

DR WASI OLEK: This was in the draft
regul ations. And in the previous assessnment, we used

an average nunber of the critical group. But, then,
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the receptor that an average nenber of the critical
group got replaced with the RVE

This is when we had to change the way we
calcul ated dietary and lifestyle characteristics for
that receptor. W did use an average nmenber of the
group in the previous calculations. This is when, as
Pat pointed out, our consunption rates were higher.

DR TILL: I don't understand. There is
a big difference between the two approaches.

DR WASI OLEK: There is.

DR TILL: Wy was the change nmade? And
who made the deci sion?

DR. McCARTIN: The | anguage i n the current
regul ation is the | anguage in the EPA standard that
NRC was required by lawto adopt. So we have adopt ed
t he | anguage of the RMEI.

There was discussion both in the EPA
standard and NRC regul ati ons that in general, we feel
t he RVEI and the average nenber of the critical group
woul d be approximately the sane. Wul d they be
exactly the same? No. But they are approxi mately the
same. But right nowthe RVEI is what is specified in
the standard, and that is in the regul ation.

DR. THORNE: But | think when we show sone

exanpl es here where you can construct cases where the
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critical group representative of the RVEI can diverge
substantially because we can have a farnmer who
produces all of his own mlk. That is a perfectly
good critical group-type nenber. The RMEI is defined.

DR. McCARTIN: It depends. If you want to
i ncl ude specul ati on on what can happen, yes, you can,
but I would maintain the regulations were witten to
preclude the kind of speculation in terns of what |
could have this person do this, this person do that.

| would still maintain if you | ook at
reasonabl e assunptions, the RMEI and the average
menbers of the critical group | don't believe diverge
t hat much. However, the | SRP construct of the average
menber of the critical group was that there was an
order of magnitude range. And that would still be
consi dered an average nenber of the critical group.
So there is a fair anmount of variation.

VI CE- CHAl RVAN RYAN: And | thinkto e, it
comes back to the question of sone of these key
paraneters, sone of which we have touched on through
t he day, of thinking about sensitivity and uncertainty
anal ysi s.

| aminstructed by Maryla's observation
that certain ones are not inportant, whether they

range fromzero to one. That is aninteresting oneto
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focus on for a second. And if it is not inportant to
what is ultimately cal cul ated for dose, thenit is not
i mportant.

| take George Hornberger's cautionthat if
it is afactor of 100; yet, it is at 10® millirem per
year, then it doesn't matter if it is a factor of 100
or 1, 000. It is only when it gets up to the
conmpl i ance case that we take note of that.

The ot her aspect of this tonme -- and it
is one of the things that Professor Thorne said this
norning -- is that thereis a conpliance cal cul ati on.

| think have all sort of drifted off the
conpliance case to "All right. If we are going to
nodel the true environnment, what would we do?" And |
t hi nk those are two different things that we have to
also be mndful that they both have different
purposes. So | think that is hel pful to think about.

We are at a point in our agenda where we
are due for about a 15-m nute break. So why don't we
pl an to cone back right at 20 after 3:00? Thank you.

(Wher eupon, the foregoing matter went off

the record at 3:05 p.m and went back on

the record at 3:22 p.m)

VI CE CHAI RMAN RYAN: Qur next session is

about netabolic nodels. The human response to
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radi onuclides i s assessed. Participants will be asked
to descri be netabolic roots and exposure duration for
each of the environnental pathways that we've tal ked
about and again, the discussions will be in the
context of the six key radionuclides of interest.

Qur first speaker is Chris MKinney from
the Division of Waste Managenent and his title is
Dosi metry and Metabolic Mddels. Wl cone.

MR McKINNEY: Well, hopefully, I won't
have many questions. You guys went over this about
six or seven tinmes so far today. So we'll try to get
through this fast. Wshful thinking.

| tried to break up alsointhetitle the
fact that we got -- there's a synergy of two different
things in this part of the one value we have in the
dosi netry codes. We've got both the dosinmetry or the
wei ghting factors, the various assunptions that | CRP
makes on those thi ngs and we got the netabolic nodels
which is like the lung nodel, the gastrointestinal
nodel .

' ma systens performance anal yst for the
Di vi si on of WAst e Managenent so |l'mgoingtotry to go
t hr ough focusi ng nore on what are the requirenents for
dosi metry nodel s and sonewhat what we assume i n ours.

So I'"'mgoing to go over these topics, the regul atory
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requi renents, the Federal Guidance, the newdosinetry
systems, sone sources of uncertainty, exanples using
t hat uncertainty and some concl usi ons.

Part 20 and Part 63 both use effective
dose equival ent, stay in doselimts. That's defined
by the dosinetry systemis defined by | CRP 26, using
wei ghting factors to translate organ doses into
effective whole body dose that would have the
equi val ent cancer risk.

Met abol i ¢ nodel s were derived in | CRP 30
and later in 48 and 56 and so forth. W create new
and better nodels all the tinme on cal cul ati ng organ
doses.

Federal Cuidance on how to use -- for
dosi metry systens. Part 20 is consistent with 1987
Presi dential Orders on occupati onal exposure. So Part
63 is build upon Part 20.

We have the current Federal Cuidance on
dose convergent factors i n Federal CGui dance Report 11
whi ch tabul ates the i nternal dosi netry ones consi st ent
with I CRP 2630 and Federal CGui dance 12 which tabul ates
dose convergent factors external dosinmetry which use
the weighting factors from 26.

And also there is a nore nodern risk

factor based Federal Guidance Report which i s Federal
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Gui dance Report 13, however, that's not used get for
t he Federal Governnment for dose factors, but it is
used for risk factors in prograns |ike CRCLA

| CRP  recomrendati ons put out new
recommendations in 1990 to calcul ate effective dose
which is slightly different term nology. It uses
di fferent wei ghting factors, al so newer advanced | ung
nodel s cane out for the vari ous organs and how vari ous
new netabolic data on how things travel through the
body. And these are tabul ated -- have tabul at ed dose
conversion factors in 68 and 72.

VWhile we've not updated the part 20 to
nmeet or to use these dosinetry systens, we do allow
exenptions for definitions of weighting factors which
unfortunately was put in our regulations so that
| i censees on a request basis can use t he new dosi netry
nodel s.

Uncertainties. Effective dose equival ent
is a radiation protection term It is not a
nmeasur abl e quantity in any stretch of the i magi nati on.
It's taking organ doses which potentially could be
nmeasur ed, but probably not, but in quantifying tines
a weighting factor which is based off of organ
radi osensitivity.

VI CE CHAI RVAN RYAN: Dose directly to a
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body can never be neasured.

MR. McKINNEY: Dose directly to a body?

VI CE CHAI RVMAN RYAN: Cannot be neasured.
You can infer it, but you can neasure it.

MR. McKI NNEY: GCkay. The netabolic nodels
are relatively sinple, yet conservative nodels for
conpl ex case. You know, there's various degrees of
under st andi ng net abol i sm | nmean our iodine nodel
hasn't changed in 40 or 50 years, has pretty nuch
stayed simlar. The lung nodel has gotten nore and
nor e conpl ex as we under st and nore. Pl ut oni umnodel s,
americium nodel s have gotten nore and nore conpl ex
over the years as nore and nore understandi ng of how
that -- howthe body utilizes or doesn't utilize these
el ements and i ssues such as the | CRP 2630 pretty nuch
i gnores honeostatic controls. And of course, it's
di vided up by chem cal forns.

Weighting factors. For uncertainty
exanpl es, in one study they did for external dose at
t he wei ghting factors nade | ess t han about 10 percent
di fference for nost photon emitters. Cbviously, for
internal dosinetry this is all over this place,
dependi ng on what is the primary organ that i s exposed
by that radionuclide.

For chemical form the difference can be
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a factor of 2 to 10 or so, between different chem cal
forms for inhalation. |If you go to the nost extrene
for solubleto conpletelyinsoluble, youcanget quite
a different for Ilike uranium but for Iike the
plutonium you're using -- like Cass Wwhich is al
non- oxi de forms of plutoniumto Cl ass Y, there's about
35 percent difference at one mcron. At hi gher
m crons, they tend to diverge even further.

VI CE CHAI RMAN RYAN: Chris, could I just
ask a quick question here. This is an interesting
point to get to our focus. VWhat's the range of
variation in the paraneter like it does conversion
type? If | look at Wd ass plutonium 239, it's non-
oxi de conpounds, |'m assum ng al ready val ent state,
pl ut oni um can exi st in.

MR. McKINNEY: Right.

VI CE CHAI RVAN RYAN: And yet we have a two
deci mal pl ace accuracy i n the dose conversion factor.

MR, McKINNEY: Well --

VI CE CHAI RMAN RYAN: Coul d you speak to
that? Wuld you? | nean that's fairly inportant --

(Laughter.)

VI CE CHAI RVAN RYAN: On the one hand,
recogni zing there's a wide range of values in this

paraneter, yet we show -- and it's not just you, we
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often show a lot nore significance to that than we
deserve.

MR, McKI NNEY: That's the tabulated
val ues. Whet her | personally would agree that we
could ever go that far --

VI CE CHAI RMAN RYAN: My point is is that
if there's no difference between either of those with
the precision with which we know - -

MR. McKINNEY: That's true, thecultureis
two deci mal pl aces.

VI CE CHAI RVAN RYAN: And there is a
distribution. [I'mnot talking about -- I'mtalking
about both values. They're really the sane nunber
within the range of what we truly know about --

MR McKINNEY: At that point.

DR. ECKERMVAN: But do your roundi ng at the
appropriate place. You have to carry some extra
digits --

VI CE CHAI RVAN RYAN: For the cal cul ati on.

DR. ECKERVAN: So the third digit is just
a guard digit because then you run into these things
where you can't convert units back and forth.

MR. McKINNEY: They're comni ng.

DR. ECKERNAN: You guys want to always

work in non-Sl units so we have to give you an extra
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pl ace so that you can --

VI CE CHAI RVAN RYAN: That's fair.

(Laughter.)

DR. ECKERMAN: The problemis at the end
of the cal cul ati on.

VI CE CHAI RVAN RYAN: However, mny point
still stands and if we | ook over t he range of chem cal
conpounds at oxi dation states, for all the things that
are classed in that Wclass and then | ook at oxi des,
how do we differentiate the two nunbers.

DR ECKERVAN: | al so would add one nore
note of caution in your deliberations here. One of
the things is the effective dose and | use a newer
term is a very robust quantity. |If you |look at |ung
dose, you'll see a bigger difference here and you
t hi nk about health risk, the health risk is probably
dictated by the dose by lung cancer and not by
effective. You don't get cancer of the effective.
You get cancer at particular sites. And so you're
seeing part of this, the robustness of the effective
dose quantity.

MR. McKI NNEY: Right, theuncertaintiesin
the weighting factors, unfortunately, can sonetines
agai n cover up sone of the actual uncertainty in the

overall dose. | mean it's back to |like the previous
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presentation where we had a wi de range i n KDs, but we
don't have a wi de range i n t he dose conversion factors
because there's not very much i ngestion. |f you don't
have very nuch of a weighting factor, then the
uncertainty is going to be tenpered by that.

VI CE CHAI RVAN RYAN: Wll, | think the
other thing is these factors are not on the board are
actually applied to an intake and it's arisk that's
assi gned 50 years of exposure, sonme intake. |It's not
annual i zed or organ specific.

MR McKI NNEY: No, those are conmtted
over 50 years.

VI CE CHAI RVAN RYAN: And ny questi on about
robustness is is it's robust because of that 50 year
i ntegration, nore than anything el se.

MR. McKINNEY: Okay, this one is just a
compari son between sone of the newer nodels and | CRP
30. And | broke out the five of the six
radi onuclides. Carbon 14 really doesn't become too
much of inmportance in our calculations and | broke
them out by where they tend to show up in our
assessments. So for inhalation we got anericium 241
and plutonium 239. These are both at 1 AVMAD. You
start getting into, depending on what AMAD vyou

classify and which chemi cal form becones an issue
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where Class W increase the mcron size of the
particle. The dose factor doesn't drop off as very
fast while the Cass Y, it drops off right away.

For the two factors, you have basically
t he same plutonium 239 while for americiumgoing to
t he new dose conversion factors will give you a factor
of -- well, a factor of about three or so, maybe.

And nmeanwhi | e, over here for i ngestion you
have simlar dose factors or factor of 2 or 3 for
t hese where you have a factor of 10 for neptuni um237.
Just to show -- if you use the ICRP 72 being nore
nodern nodels and nore data and everything el se as
being potentially nore realistic versus the
assunptions we are using in the code, to characteri ze
possibly as a surrogate to characterize |evel of
conservati smand | evel of uncertainty versus what real
dose are bei ng used for these dose conversi on factors,
| mean that's what this is to be used as.

DR. THORNE: Can | cut in, Chris? That's
the key. | think that neptuniumone is all do to a
change in the gastrointestinal absorption.

DR ECKERMAN: A good part of that is.

DR. THORNE: It's al nost exactly an order
of magni t ude.

DR. KOCHER: M reactionto this is these
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conparisons have very little, if anything, to dowth
uncertainty. That's just nmy reaction. You're
conmparing point estimtes while using different
nodel s.

MR. McKI NNEY: Mbdel i ng needs nore than - -

DR. KOCHER You're conparing the effect
of changing a nodel and your second little tick up
thereis inportant for plutoni umbecause if you-- you
know, | haven't nmenorized these tables, but if you
keep the sane chem cal form and conpare the ICRP
nodel s, you're going to get a different one than for
the one for americium because they are al nost the
sane. So it's
-- be careful here.

DR TILL: Dave's point is very inportant
and it gets back to this issue in ny mnd of what is
uncertain and what is not uncertain. And for nme, for
a given radionuclide, for a given class of chemca
conpound, for a menber of the public exposed in the
future hypothetically, the uncertainty in the dose
conversion factor is zero. It is a nunber you pick
out of the book.

Andif it isn't zero, thenthe questionis
have you evaluated this thoroughly for all of the

radi onucl i des? Because | don't think you have and I
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don't think we can. | think it would be very tough.

So is that right?

MR.  McKI NNEY: Yes, | mean that basic
assunption and t hat basic expl anationis the basically
t he working way we deal with why we don't propagate
uncertainty in the dose conversion factors.

DR TILL: Ckay.

MR McKI NNEY: Is that it's considered
just a part of the stylized cal cul ation.

VI CE CHAI RVAN RYAN: It istrue that there
are a set of reference cal cul ati ons of dose conversi on
factors that are accepted as facts, but they are not.
There's uncertainty in them

DR, TI LL: Ckay and listen -- for the
pur poses of conpliance, for a future cal cul ati on and
this may be a policy decision, all right? | say that
t he uncertainty should be zero. That you ought to
pi ck a value froma book and go with it.

VI CE CHAI RMAN RYAN: And |' mnot arguing
about one point or the other. 1 think the key thing,
John, is that you' ve been given a construct. Yes,
it's a stylized calculation. Yes, it's a conpliance
denonstration. But | think the focusis, tone, well,
you have to sonehow be sure of where you stand on the

-- is areality question. 1Is it very conservative?
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Is it so conservative it's |ong? Is it not
conservative? O where do you stand on that scal e?

You sonehow have to, | think, appreci ate where you are

on that scale, evenif it'sinaaqualitative way. |'m
not saying | don't accept your construct for the
pur pose you' ve stated it, but | think you still need

t o under st and where that construct sits and why. From

a technical standpoint, | understand that fully.
CHAI RMAN  GARRI CK: From a technical
standpoi nt, | don't accept the construct. That's the

probleml| have with conpliance is that if it comes out
of a look up table that's offered by the regul ator,
then fromthe point of viewof conplying, theriskis
zero, as you say or the uncertainty is.

DR TILL: Uncertainty is zero.

CHAI RVAN GARRI CK: But from a science
standpoint, it's a bad practice.

DR TILL: | don't disagree wth that, but
you knowin this real mof what you're doing is trying
to denonstrate conpliance for a facility and | think
this is a huge question and if you're going to deal
Wi th uncertainty indose coefficients you' ve got al ot
of work to do.

CHAl RVAN GARRI CK:  Oh yes.

DR TILL: W all recognize it's there,
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but that's why this kind of goes back to ny suggestion
t hat you consi der a hypothetical person, sone person
that you create in the future to be the person you
denonstrate conpliance, use to denonstrate conpliance
that the characteristics of that individual are al so
fixed.

And | know a |ot of people don't agree
with me on this, but | have reasons for suggesting it
as a way to think. That nmeans the breathing rate is
fixed. Theingestionrateis fixed. It's because you
assune that person exists. You assune that person
lives inacertainplace at acertaintinme. That's --
there's no uncertainty in that. And therefore, you
assune that his heart wei ghs so nuch, his |ung wei ghs
so much. That's all very exact and assuned to be wel |
known.

That's a little bit different way of
t hinking, | know, that |'m suggesting here. And I
know everybody doesn't agree with it.

VI CE CHAI RVMAN RYAN: Sir?

DR. KOCHER: Thi s i s maybe a questi on nore
for Keith than anybody else, but | found nyself
reacting a big negatively to the assertion that the
net abol i ¢ nodel s are conservative. M understandi ng

is that they weren't set out to be that way and |
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guess | would like Keith to maybe weigh in on this
guesti on.

DR. ECKERMAN: | was going to hit that one
alittlelater, but yes. That's a touch point with ne
because ever since we started with particularly after
t he Chernobyl period, that's kind of a marker when
t hi ngs changed from bei ng focused just on occupati on
on the worker to dealing with the general public and
the i ntent has now been to be realistic because once
you produce that nunmber wth our many figures,
significant figures youshowit with, it's goingto be
used by people in different senses and so you can't --
you can't automatically decide whether t he
conservatismis in the direction you think it is or
not or actually being nonconservati ve.

And so the whol e focus in the | CRP system
whi ch nost of this is inherited has been nowto be as
realistic as you can.

Now at the sane tinme we're trying to be
constrai ned by havi ng nodel s t hat coul d be i npl enent ed
by people and so forth and do the job at the end of
t he day and conme up with a point val ue just as John --
t he nunber of reasons that John was tal king about.
But it isn't true that -- we do not construct nodels

to be conservati ve.
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MR.  McKI NNEY: I wouldn't say that

especially with current nodels. | nmean when you | ook
at how the weighting factors are created --

DR. ECKERMAN. That's anot her story.

MR. McKINNEY: That's part of the whole
t hi ng.

DR. ECKERMAN. Ri ght.

MR. McKINNEY: Al together where you are
t aki ng, based on which sex you're picking for each
organ --

DR ECKERVAN: Unfortunately, | have a
comment on that one.

DR. THORNE: But even if we go back to
| CRP 30 they weren't conservative. W took a --

DR ECKERMAN: Don't know.

DR THORNE: Awpartitioningfor plutonium
for exanpl e, between |iver and bowel , stick 45 percent
in each, but if you didn't know very nmuch better, but
it wasn't conservative.

DR. ECKERMNAN: It wasn't conservative,
that's right.

DR. MCELLER: Let ne offer not to wear you
out, but offer a couple of comrents.

CHAI RVAN  GARRI CK: He's not doing

anything. He's just standing there.
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(Laughter.)

MR MKINNEY: You're the ones who are
doing all the conversation. It's great.

DR. MOELLER.  You say ICRP 30 is based
upon the risk of cancer, well so is ICRP 72, but
there's a major difference. The ICRP 30 is based on
the risk of fatal cancer. |ICRP 72 is based upon the
ri sk of cancer norbidity as well as nortality as well
as years of life lost. That's a major difference.

One other comment, we're talking about
ti ssue weighting factors. Well, what do they do and
| don't disagree with what they've done, but they
t ook, they cal cul ate the ti ssue wei ghting factors and
t hey create four hoppers, four or five, | forget, you
know. And you throw each one, it has to go in this
hopper. Sone of themyou throwin a higher weighting
factor hopper, some in a lower weighting factor
hopper. And you fix it up so the total is 1.0. So
that has to be taken into consideration.

And lastly, | wanted to say |I'mw th John
Till. | believe looking at it froma regul atory poi nt
of viewthe fact they drink two liters water a day is
non-negotiable. | nean we're not -- we shouldn't even
be discussing it. That's in the regulations. The

fact there are RVElIs in adult, that's there. These
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ot her factors that John pointed out, | agree with him

Don't waste our tinme tal king about them
| mean I'mnot talking to you.

(Laughter.)

DR. KOCHER: 1'm gl ad you nentioned the
i ssue of whether a |icense applicant can use a newer
dosi metry system because ny understandi ng was that
i censees could apply to do that.

MR. McKINNEY: Yes, they can.

DR. KOCHER: And that you intend as far as
you know now that the Conmm ssion will allowthis in
this |icense application?

MR. McKINNEY: Their general policy has
been t o accept exenptions fromthe wei ghting f actors.

DR. KOCHER: DOE, go for it. Don't foo
around. Just go for it. Do it.

MR McKINNEY: It's up to them

DR. KOCHER That is the basic concl usion
on the end.

MR. McKI NNEY: We use effective dose. W
have FGR 11 and 12 out there and that is the basic
gui dance to show conpliance with part 20 now
However, just |ike any other |icensee, alicensee can
come in and request to use the new stuff.

And that's always an option for them
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DR. MOELLER: Wel |, whose deci sion was it

to choose FCR 11? DOE s? Yours?

MR. McKINNEY: No, FGR-- it's all because
of just NRC has never upgraded. |n 1992, 1991, 1994,
effective, but 1991, part 20 was changed to use FGR 11
and 12, basically in the dose conversion factors.

We have over the years consi dered whet her
to go through the rul e maki ng factors to actual | y make
a change to all regulations upgrade. Now there's a
bi g cost benefit analysis has to be done about the
cost to all of our current |icensees about how nmuch it
woul d be to change over to the new systemand t hat has
not yet been ever shown to be very effective. That's
why we allowon a licensee by |icensee basis for them
to make the decision that it's beneficial for them

There may be a policy call ed at sone ot her
point that we're just going to say it's going to have
to be done, but we haven't done that yet.

DR KOCHER:  This is fairly inportant,
actually, for Yucca Mountain in the foll ow ng sense.
Thi s change i n dosi nmetry systemfor several inportant
radi onuclides will greatly change the inportance of
the drinking water pathway in the all pathways dose
[imt. Plutonium especially.

MR, McKI NNEY:  Yes.
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DR. KOCHER: And Plutonium?2. | nean it

makes a difference, but that also, it will nmake no
difference if the doses are as |ow as the projected
val ues we saw today.

MR. McKINNEY: Right.

DR. KOCHER: But it could in our
hypot heti cal worl d.

VI CE CHAI RMAN RYAN: David, | think that
exenplifies the key point that in an absolute sense is
a difference, but in a context of a dosethat's so | ow
that it's way bel ow any ki nd of threshold of concern,
whether it's a conpliance | evel or sone ot her neasure,
then | think you get into the judgment of is it worth
it or not.

DR, KOCHER: Except --

VI CE CHAI RVMAN RYAN: Do you agree to that?

DR. KOCHER N nety-nine percent | agree
with you, but what we've been told here is that the
bi osphere nodeling is basically decoupled from
everything else which | think is not a good i dea, but
gi ven t hat they' ve made t hat deci si on, they don't know
what the concentrations in water are and they
shouldn't if they have a decoupl ed system

VI CE CHAI RVMAN RYAN: Well, that's right.

They're working in that per unit concentration basis
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and that's something to think about.

But it also gets ne back to the -- if you
accept sone paraneters as single point val ues, and you
could do that in the context of the conpliance case
and | don't disagree with either Dave or John on t hat
poi nt, but you lose the ability to informyourself of
where you are if you can't tal k about that as where is
it on the margin of certainty or uncertainty.

DR, THORNE: I'"'m not sure that | agree
with that. The fact that you do a particular
cal cul ati on for conpliance purposes does not precl ude
you doing other calculations to inform that value
t hrough sensitivity --

VI CE CHAI RVAN RYAN: |If you allowne to do
that, i agree. | agree. |If you guys accept that as
a friendly anendnment, |'m okay.

MEMBER HORNBERGER: It strikes ne if I'm
not m staken too, M ke, even if the doses are very | ow
in the conpliance period. They do have to do a
cal cul ati on beyond the conpliance period. And if
there is a change, that is at least to ne,
psychol ogi cal Iy hel pful.

VI CE CHAI RMAN RYAN: Yes. O her questions
from Panel Menbers for Chris or HNW nenbers?

DR TILL: Along the sane lines, | think
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it's inportant what we're di scussingandit is anidea
of do you use the best science or not? And if you're
goi ng to use the best science, youit across the board
and that's why -- and it goes back to credibility
thing with DOE, which | think they ought to be using
t he best science. Yes. | think they ought to be
using it consistently. Yes.

VI CE CHAI RVAN RYAN: But that wasn't a
question for you, Chris. That's okay.

Let's see, any other questions?

MR, McKINNEY: O comments?

VI CE CHAI RVAN RYAN:  Any ot her comments?
Thank you, sir, very nuch.

Agai n returning, Maryl a Wasi ol ek. Wl cone
back after a short breather.

DR. WASI CLEK: Well, actually | do not
have a whole lot to say about the biokinetic and

dosi metry nodel s because we pi cked the nunber out of

t he book.
(Laughter.)
This is exactly what we do.
VI CE CHAl RVAN RYAN:. You've got two --
DR. WASI OLEK: It is a stylized
hypot heti cal individual. It has all of the paraneters

as far as those that are derived from bi oki neti c and
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dosi metry nodels. They are out of the book. W do
not i nclude any variabilities. W use -- we calculate
annual doses in terns of total effective dose
equi valent which is for our purposes, it is dose
effective equivalent and cunul ative effective dose
equi valent which is different fromthe definition of
total effective dose equivalent from10 CFR 20. That
is the docunent that allows us to use effective dose
equi val ent in place of peak dose equival ent.

And we use dose coefficient for interna
exposure from Federal Cuidance 411 and for externa
from Federal Cuidance 312.

There was a | ot of di scussion al ready how
t hese val ues cane into being. W looked alittle bit
-- we do use the nost conservative val ues for val ues
of dose cal culations which seens to be the conmon
practice.

As far as the choice of inhalation, dose
coefficients, it was brought up here that there is an
easy net hod for recal cul ati on of dose coefficients for
i nhal ation for particulates with sizes different than
one m croneter ADAM W | ooked at the distribution of
particle sizes in various environments and just one
short comment that | would like to offer is if you

recall the slides frommy previous presentation, the
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majority of the inhalation dose was com ng fromthe
active outdoor environment which is the environnment
that we say -- it is basically related to just
generating activities, mechani cal disturbance of the
soil .

What happens in this environnent is that
in terms of particle size distribution for this
envi ronnent, we have this transient conponent where
particle sizes are much higher than one m croneter
AMAD. It's a transient conponent if you | ook at the
long-termeffect. However, this is exactly where our
receptor gets its dose. It's in this environnent
where there was a | ot of dust that was respirated just
temporarily.

So what we did was we | ooked at the dose
coefficients for different size particles --

CHAI RVAN  GARRI CK: Sonething bad is
happeni ng to our recorder.

(O f the record.)

DR. WASI OLEK: So we are | ooking at dose
coefficients for large particles because the
distribution is basically by nodel. W have one node
that is around like 2, 3, 5 microneters AMAD, whichis
there in the other environnent and on top of this node

we are adding this transient several tenths of
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m cromet er AMAD.

Since this is where our dose is com ng
from we conpare the dose coefficients and of course
we had to use the ICRP 30 nodel and for nost of the
transuranic, it doesn't matter by nmuch, at | east when
this nodel is used.

So like plutonium there is a small
reduction conpared to a mcroneter, but not really a
| ot. Uraniumgoes down dramatically, but urani umwas
not a maj or player. But for nost transuranics, if you
just looked at just vyour calculations wthout
ref erence to anyt hi ng el se, just pluggi ng the nunbers
and | ook at the rel ative val ues of dose coefficients,
we're doing pretty well just by using one m croneter,
especi al | y consi deri ng what was al ready di scussed here
overal | uncertainties in the dose coefficients. But
we're not -- we are not addressing these. W just use
t he values the way they are.

VI CE CHAI RVAN RYAN: Keith, you nay have

better insight having been involved in nuch of the

history, but | inmagine that 1 AMAD was picked for a
reason, that probably being the one. It covered a
wi de range of circunstances. |s that right?

DR. ECKERMAN: Wll, that's true. The

early classification was based on the deep |ung and
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one m cron you were getting nost of the material into
the deep lungs. But 1'd like to think nore about what
you' ve just sai d because one of the things -- the old
| ung nodel that you're using was based on deposition
studies on volunteers and they were all nouth
breat hers. Because they put a nout hpiece in and they
breathe the aerosol in and out and so while the
popul ation has nodeled it nore with the newer | ung
nodel has a combi nati on of nouth breathing and nose
br eat hi ng. And the deposition patterns wll get
changed drastically.

Because you're really putting another
filter, if youwill, upfront. So of course the whole
structure of the lung with regard to dosinetry
changes. Right.

DR. WASI| OLEK: It's for soluble
radi onucl i des, there isn't nmuch --

DR. ECKERMAN: Ch, for sol uble there won't
be. Ri ght . For soluble there won't be nuch
di fference.

Thi s was an | CRP on t he | ung nodel , recent
comrentary and even if you use the -- there is a huge
difference when you're in the submcron particle
ranges between particle sizes, but once you nove

towards the particles that are basically, mcroneter
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and | arger, AMAD.

DR. ECKERVAN:. But you have to be a bit
careful on how you interpret these graphs because
what's on the X axis is the mnmedian of the
di stribution.

DR. WASI OLEK: Onh vyes.

DR.  ECKERMAN: Not particle sizes
t hensel ves.

DR WASI OLEK: Absol utely.

DR. ECKERMAN: So you have to be carefu
how you fold these things together.

DR. WASI OLEK: It's just a concept. W're
not using -- why didn't anybody tell nme we could use
newer nodel s.

DR ECKERMAN: You didn't ask

(Laughter.)

DR. ECKERMAN: It's in ny slide because
|'ve been getting calls frompeople for a long tine,
particularly the fol ks that knew of thorium They've
asked us this question and it's been in the NRC and
DCE both have been giving people exenptions if they
ask and a | ot of us asked.

DR. WASI OLEK: For us it was a very sinple
concept. W have our standard that is expressed in

terms of total efficient dose equivalent and then
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there's virtually one source of the dose coefficients
such that you are getting this quality. So this is
what we use.

DR. MCELLER: Did you say earlier on the
first slide sonething about you always adopted a
conservati ve approach or sonethi ng?

DR WASI OLEK: Wel |, if there was a choice
of dose coefficients, then it is a quite conmon
practice to -- when you cannot justify specific
chem cal formto just pick the highest.

DR. MCELLER: A second question, the Panel
a few m nutes ago said, you know, go for FGR 13. How
much woul d that set you back or is that a trenendous
-- assum ng you, you know, DOE agrees, whoever nakes
t he decision to use FGR 13 dose coefficients?

DR. WASI OLEK: This is not my deci sion.
|"mjust the lowy contractor.

DR. MOELLER But how rmuch wor k woul d t hat
entail? 1Is it an enornous effort or what? Can you
say?

DR. WASI OLEK: | really cannot comment on
t hat .

DR. MOELLER: You just copy down a new set
of nunbers.

DR. WASI OLEK: Well, it's not just that.
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It's very easy in academ a. In our structure we have
a very -- the way we docunents things, the way the
changes are propagated through the nodel. | nean it
woul d have to conme from a DOE person

DR. THORNE: |It's one set of nunmbers, so
| woul d have seen it conpared with other changes that
were made in the nodel. They're all cut |oose with
the QA system It has to be one of the smaller
changes rather than one of the bigger changes.

VI CE CHAI RMAN RYAN: Questi ons? Comrent s?

DR. WASI OLEK: Wel |, the |l ast slide was --
t he second slide was the nodels that we used for the
groundwat er standard and we pretty nmuch used t he sane
nodel for consistency.

VI CE CHAI RVAN RYAN: Anyone el se? Dr.
Ecker man?
Now you're going to sort out all 17 systens of dose
cal cul ati ons and constants, right?

Thank you, Maryla, we appreciate it.

DR. WASI OLEK: Thank you.

DR. ECKERVMAN: Maybe | should start with
nmy |ast slide.

(Laughter.)

| wasn't exactly sure | was to present

here so | just threwa nunber of slides together under
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this context of the Federal Guidance and if you coul d
change the next slide there.

Just rem nd you back what the Federal
Qui dance says. Most of you know this better than
do, but a set of guidelines devel oped by EPA for use
by the federal agencies in the protection of the
public fromthe harnful effects of radiation.

The next one -- there's actually two types
of gui dance documents that cone out. There's what's
call ed guidance docunments which really define the
principles and policies of the radiation protection
that are to be applied in the U S.

This is the kind of a docunment that gets
si gned by the President. The President doesn't review
our technical reports, fortunately.

(Laughter.)

And so the technical reports provide
current scientific andtechnical informationregarding
radi ati on dose and health effects. So all of these
federal documents, nunbers that we've been kicking
around here are the technical reports.

So next slide -- well, this goes back to
the authority inthe system what used to be under the
Federal Radi ation Council which was established in

1959, so maybe Handbook 69 has an origin back here.
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In 1970, this was transferred to EPA under that
reorgani zati on act.

Next slide. So the gui dance docunents are
signed by the President and issued by EPA and of
course that's the guidance that led in to 10 CFR 20
and the | ast one was signed by President Reagan.

Next slide. So then periodically or on
sone schedul e EPA i ssued sone technical reports that
provide the details with respect to the protection
systemand the next slide then lists these. So since
1984, we've been involved at Cak Ridge in generating
t hese docunents. 10 was a short-lived, little speci al
pur pose thing that got superseded by 11 which was the
one that you folks are currently using with which was
issued in 1988 andreally is just the information that
was sitting in electronic files after Pergaman
publ i shed for | CRP 10 and we publ i shed further details
and i ncl udi ng the dose coefficients because you won't
findit, avery detailed set inthe | CRP publications.

12, which deals with -- gives you dose
coefficients for ext er nal exposure  pat hways,
radi onuclides inthe environnental nmedia. That report
addressed the topic that actually ICRP really never
had touched at the tine and hasn't touched yet. And

so that gave current state of the art cal cul ati ons for
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t he external exposures.

Thirteen i s the nost recent and of course
that's the one we recogni ze as we're di scussing here
as having the current -- representing the current
state of the art and the unusual thing of 13 whi ch now
| have to go through the details here because Dave set
me up on all of this, is that 13 actually doesn't
present conmtted dose coefficients. It's a docunent
that goes straight to risk. And as a docunent it
gives you the risk associated with an intake of a
radionuclide. And it didn't -- we didn't put any
dosinetric informationin because we weren't usingthe
conmitted dose coefficients and there was sone concern
anong the different federal agencies that if we put
dose coefficients in that docunent, it woul d confuse
a lot of people. Well, it confused a | ot of people
anyway.

(Laughter.)

People think we're -- that these risks
wer e derived fromthe | CRP dose coefficients and t hey,
of course, were not.

Next slidel think anplifiesthisalittle
bit. Wat we did was | ook at the risk, just focused
on the cancer risk. Now in the Wsub Ts that we've

been tal ki ng about fromICRP, there is a genetic risk
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as well, that has, of course, has changed over the
years in different context as |ICRP has defined it.
But this document focuses strictly on cancer as a
risk. W consider the age structure of the U S.
popul ation. W used U S. life tables, that is U S.
natural nortality rates and background cancer rates in
t he popul ation. We had intake scenarios for the
radi onucl i des. W used the age-dependent dosinetry
nodel s that were com ng out and we didn't do the dose
coefficients.

So what -- there's two ways -- because of
the linear nature of the system there's two ways you
can ook at this. One way is that you can think of
this starting with a popul ation of |ive born cohort
popul ation and et themlive their Iife out and have
use, breathe air, eat food in proportionto their age
criteria, their age demands, and live their |ife out
inan environnent that has a uni formconcentrati on of
t he radi onucl i de.

O the other way to look at it is to say
you've got a standing population and they have an
i ntake of the radionuclide. So there's age aspects
both in the inportance of the dosinmetry that's
consi dered there which can be as nuch as a factor of

10, in the dosinetry itself, but of course, it's
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negated a little bit by the intake because an adult
consunmes nore food than a newborn and so forth. So
al | of these are rolled together in these
cal cul ati ons.

And it comes out with then strictly rick
per unit activity ingested or i nhaled. O exposureto
t he environmental sources of the radionuclide. As a
backup to this, the agenci es wanted us to put the dose
coefficients out on a CD so there is a CD that's
avai l able. That's where you can find the age specific
dose coefficients. There's a whole | ot of nunerical
information that's actually archived on that CD that
a lot of people don't notice, but for exanple, the
dose rates as a function of age in each of the organs
is actually archived on those files and people can
take these apart and find all sorts of little
addi tional details.

This is -- so the end of the day here is
that there are -- under that disguise of the Federa
Gui dance 13, there is age-dependent information on
exposures for menbers of the public. This was not
workers. This was entirely menbers of the public.

Next slide. | think we all knowthis, the
differences here between internal and external,

particularly the one that we have to keep in mnd is
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the protracted nature of the internal exposure.

Next slide. Thisis just alittle detail
on Federal Guidance 12's cal cul ations. W did a
detail ed cal cul ation of the radiation field above the
cont am nat ed ground surface and so forth and then you
transport those radiations into the body and | ook at
t he doses to the various organs and this is probably
one of the first times there's a real heavy duty
detail of calculation of the field was carried out.

Next slide, well, this is a suite of
anatom cal bottles stylized as you can for different

age i ndi vi dual s.

Next slide. | don't know why sone of
these were thrown in here because | just wasn't
exactly sure. | think we can skip this one. This is

just the details of our conputational system

| have got a fewslides that deal with the
nodel s they're involved in. | think they may be
worthwhile to run over these a bit.

This is -- when you' re doi ng t hese ki nd of
cal cul ati ons, of course the -- we typically deal with
just an intake by inhalation and i ngestion, although
there are cases not in the environnment, but workers
situati ons where we worry about a wound kind of a

case, but anyway, in the inhalation there's, of
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course, going to be a whol e nodel details of the |ung
and the respiratory system the radi onuclide, some of
it's goingto be nechanically cl eared and be i ngest ed,
so even for an inhalation exposure you need a
gastroi ntesti nal nodel

There's a transfer to blood fromthe | ung
as well as coming infromabsorptionthere and it then
eventual |y excretes, one of the newthings later onin
the later nodels is to deal with the doses al ong the
pat hway of excretion which wasn't addressed in
publication 30, for exanple.

And of course, underneath all of this is
there is, of course, nodels that deal wth the
conversion from the nunber of decays that are
occurring to what the energy deposition is in the
ti ssues.

Next slide. | think | switched over here
and spoke a bit nore on the system c behavi or of the
material onceit's reached bl ood and what we general ly
have now are two types of nodels here. W have really
a retention kind of nodel whichis actually sort of an
enpirical fit to observations. And then we have
anot her set of nodels that are physiol ogically based
and the notivation was to deal with age as an issue

because we have | ots, probably a ot nore information
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on the physiology of changes wth change and
anatom cal changes with age, than what we have on
nucl ide specific informati on across the ages.

The data sources that you have to deal
with, of course, the information conmes specific from
human studi es, animal studies and then there's the
physi ol ogi cal processes probably goi ng on their anal og
i nformation that you use.

One of the characterizations that we do on
certainty is to think about the characterizing the
quality of the information that you have to bring to
bear on the nodel i ng process and rather than just the
usual paraneter kind of uncertainty is actually to
characterize the quality of the information that you
had to work wi th because that real |y captures how wel |
you're able to do the nodeling.

Next  slide. Well, early on the
physi ol ogi cal nodel we had deal with - it’s actually
shown here - was the i odi ne because that nodel really
included the fact that the material canme in the body
- uptake in thyroid, some of it excreted -- but there
was a recycling of the iodine as the body reused the
i odi ne because of its inportance for normal body
function.

Alot of the work that's been done deal i ng
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with the age processes has focused on the bone
seekers, because that's the site of tenacious
retention of many of the radionuclides, so what was
taken in as a child may be with you for the rest of
your life or still be present. And, of course, we had
a great deal of information fromthe physiol ogist with
regard to the growt h and devel opnent of the skel eton,
so that's why you see a lot of the newer npdels
hitting actually the actinides that are inportant to
consi derations here.

Next slide. Well, let's skip on. ['ve
al ready tal ked about this.

VWhat happens when you go i nto this process
is things becone a little bit nore conplicated, and
this was a big step for a lot of people in this
busi ness as we went from | CRP Publication 30 which
really dealt with pretty sinple - characterized the
behavior in terns of a fraction going to an organ and
staying there for some half-tinme for the bul k of the
nodel . So here's the actinide nodel. The yel |l ow
skel eton region is actually put together largely from
t he physi ol ogi cal processes. Wen bone is fornmed and
t he radi onuclide - the actinides are deposited, that
action occurs along the surfaces of the bone. And in

Publ i cation 30, we knewthat t hat was happeni ng and we
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had a class that said these nuclides are surface-
seekers.

Well, what we didin 30 was they were | aid
down on that surface and t hey never | eft that surface,
only by radi oacti ve decay. There was no renodelingin
growm h and devel opnent of the skeleton. And so what
happens, of course, is that as new bone is forned,
this deposit starts to nove into -- beginto ook like
it's volume-distributed. It gets away from sone of
the sensitive target tissues that we're concerned
wit h. However, the body, in order to nmaintain
exqui site control on cal ciumcontent in blood, which
it hastomintainatight tolerance onthat, it calls
upon the skeleton for calcium And so sonme of this
can return back into the bl ood. The other tissues of
i nportance here are conpeting for a plutonium ion
that's in blood or the Iiver processes and of course,
t he ki dney and the excretion.

The si gni ficance of nmuch of the reduction
in dose that you see for the actinides for ingestion
is associated with this burial process. O course,
over the time there have been sone adj ust nents on what
the F1 value is that this fractionis comng-- that's
absor bed from bl ood.

| think the next slide is a alkaline
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earth, which of course is calciumstrontiumradi um
So it hits some of the target, some of the high-end
radi onuclides that we're concerned with. But, again,
the action in the skeleton is on the surface, but
things get buried, noved into the volume rather
qui ckly and al t hough we' ve got arrows com ng back to
t he surfaces there, the domnant thingis to go into
t hi s nonexchangeabl e area and you real | y have i sol at ed
those -- that activity fromsone of the target tissues
that are of concern

So the point in showing these to you is
t hat one, they becone a |l ot nore conplicated to dea
wi t h. Thi nki ng about doi ng parameter uncertainty on
t hi s ki nd of nodel and propagati ng uncertai nty t hrough
a -- into a dose coefficient is a major task.

Next slide, | think -- what we have of
course realized now and everybody has to keep in mnd
isthat what we'rereally dealingw th hereis today's
nodern conputing environnent. When we put these
nodel s together they're all displayed as first order
differential equations and we're sol ving on the order
of 160 differential equations at a tinme. But you can
do that on our desktops, soit's -- so the idea, the
stimulus for sort of isolating the dosinetry off in a

handbook ki nd of environnment had al ways beenit's too
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conplicated and let's do these calculations on the
si de and everybody just go into the book and | ook t hem
up. There's no need for that any | onger.

W' ve denonstrated i n Federal Gui dance 13
that you can couple the dosinmetry and the risk
consi derations and bring in the living habits of the
popul ation and do that all -- you can couple it
together. You don't need to have -- restrict yourself
just to having dose coefficients to work with, if
you're looking at things outside the regulatory
environnent. |'mtal king here, taking you outside of
t he regul atory environnent.

Next slide. This is the one that -- this
is the flow chart that wusually when |'m giving
cl assrooml ectures | use to end things up because this
is the inportant box here is that you have to ask,
when you' re doing regul atory focus. |f you ask NRC or
DOE, they will grant you an exenption to use the new
dosinetry material .

And so thisis -- first questionisisit
a regul atory conpliance question or not? |If you're
not doing -- if the answer is yes, but if you' ve asked
for the exenmption, you can use the l|ater dose
coefficient. If you haven't asked for the exenption,

you're tied to 11 and 12 and at the end of the day, of
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course, if you're really doing -- ny point is if
you're -- and | think for transparent with the public,
there is an aspect that you need to address | think
t hat borders on consequence anal ysis or risk anal ysis
or whatever you want to cal lit, where you should
really be doi ng probably the best kind of cal cul ation
t hat you can. No natter whether you' ve got to di sm ss
it, that's that second ki nd of anal ysi s that you need.

And eventual ly, you may want to call the
dosi neters and find out what the current state of the
art is at the tinme and clearly, folks doing
epi dem ol ogi cal studies can't use any of this stuff.

Now t he only other caution that | wanted
to nention, | think you shoul d be concerned about al so
using the effective dose quantity. It's the sole
nmeasure, not again -- |I'mtal ki ng about outsi de of the
regul atory ki nd of anal ysis because you know, when we
changed the -- when we went to the weighting factors
of ICRP 60 from26, the nedical folks were up in arns
because that changed for iodine, that changed the
effective dose.

We only changed -- one of the hoppers the
t hyroi d wei ght went to was .05 and it had been .03, so
it wasn't a big change, but the difficult -- there was

no information that would suggest that we had any
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newer i nformation on the risk of thyroid cancer. That
changed because the other organs changed.

And | think you are going to see in the
next set of recommendations, | don't knowthe nunbers
yet, but you're going to see probably another big
swing in sone of the weighting factors because we
probably -- we've been overestinmating the genetic
contributions, so that's going to change.

So you're going to -- you can have peopl e
nai | i ng you about the fact that you' ve under-esti mat ed
this dose or over-estimated it strictly by | ooki ng at
what t he changes in the tissue weighting factors are.
So sonewhere you should have at |east a backl og of
what the organ doses are because that's really the
fundanental quantity here. The other is a real
transient to deal wth

So ef fective dose i s nice and robust, but
it's alittle bit tricky. | think that's the |ast,
yes.

VI CE CHAI RVAN RYAN: Keith, I'mrem nded
on this slide, in particular, that this is a nuch
di fferent case and maybe fol ks inthe roomwho haven't
experienced that, they dealt with exposure in the
wor kpl ace where you have enough in a bi oassay sanpl e

to actually nmeasure sonething. | think we're in a
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real in these situations where individual exposures
woul d I'i kely be so small as to be i nmeasurabl e i n any
useful way.

DR. ECKERMAN. Ri ght.

VI CE CHAI RMAN RYAN: So this is strictly
a cal cul ational construct.

DR. ECKERVAN:. Correct, this is strictly
cal cul ati onal .

VI CE CHAI RVAN RYAN: So, you know, |I'm
cautioned that any tinme there i s a workpl ace exposure
where there's any neasurabl e significance, we end up
doi ng an individual specific nodel, typically.

Coul d you tal k about how that works out
for individual cases versus these reference nodel s?

DR. ECKERMAN: | don't know what you want.

VI CE CHAI RMAN RYAN: It mght not be a
fair conparison.

DR. ECKERMAN: I'"'m having sone
difficulties with some aspects of this because the
effective -- well, | guess this actually goes back to
the early question about are we dealing with a
popul ati on here or are we dealing with an individual ?

The effective dose is a gender/age
popul ati on wei ghted quantity. So it isn't applicable

to an individual. Those wei ghted factors don't bel ong
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to any one of us. They belong to us collectively and

sothat's actually the rub of the thing. | think even
in the occupational setting, the -- in the past when
we used to -- we would talk about the dose with a

wor ker, you'd say we have cal cul ated your dose based
-- we have cal cul ated the dose based on the bi oassay
sanpl es that you gave us.

Had t he ref erenced i ndi vi dual experi enced
this intake, this is the dose he woul d have recei ved.
And so it's -- | was kind of curious in getting the
sense here of what this individual really is or he's
a -- whether he's a real individual or is he part of
the population and | guess he's part of the
popul ati on.

That's probably an answer to a different
guestion, but that's --

VI CE CHAI RMAN RYAN:. That's okay. |'IlI
get back to my question. | guess what |'mtrying to
focus on is when you | ook at whatever version of the
stylized cal cul ati ons you want to hone i n on, whet her
it's FRG 11 and 12 or ICRP 2 or ICRP 72, they're al
stylized under sone construct and |I' mal ways m ndf ul
of when you get a real exposure in the workplace which
i s where nost -- nucl ear nedici ne, they're individual

nmodel s.
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For exanple, in the clinical trials for
nonocl onal anti body tagged i odi ne, they gi ve a scal i ng
dose. They give sonme small amount of the
pharmaceutical to each patient to calibrate their
upt ake bracket. That's di sease-process specific, but
it's sonething for the patient because there's no
certainty inthe reference nodel and there's sone w de
swi ng and how any i ndi vi dual woul d neasure up agai nst
t he reference nodel

And | guess what I'mtrying to probe is
your experience or your insights on that range of
certainty or uncertainty. |t gets back to ny deci nal
poi nt questi on.

DR. ECKERVAN. Even in the case of medi cal
exposures, we have difficulties. You can do it, just
as you say, give atrial dose and so forth, but you're
not sure of all the other health conditions and st at us
of the i mMmune systemof the individual, we see cases
where people are calculating the dose to the red
marrow which is the sensitive target in the body, but
t he i ndi vi dual has al ready been subjected to a history
of chenotherapy and his red marrow is highly
conprom sed at that tinme.

So there we may be able to do the physics

of the cal cul ation exquisitely, and put himin a PET*
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(4:31:57) uni t and get al | sorts of tine
distributions, but we're at a bit of a |loss, even
t here t o expl ai n what t he si gnificance, the biol ogi cal
nature of the responses.

But there is a conplete difference here,
as you poi nted out between the kind of thing that we
deal with in the workpl ace setting versus what we have
to do with the nenbers of the general public because
you can't make these assessnents from bioassays
exposure data and so forth.

VI CE CHAI RMAN RYAN: One ot her foll ow up
qguestion is you nentioned that metabolic nodeling
tends to be at least try to be nore realistic today
versus say ICRP 2 or earlier versions. Coul d you
expand on that and give us some nore insight as to
where we're doing well and where we might not be as
wel | along and so forth?

| value your insight there. Pi ck our
radi onuclides of interest. \Wich ones are good and
conservative or nomnal or where are we on americi um
and pl ut oni um

DR. ECKERMAN. Actually, well, let nme just
say that the publication 2 kind of nodels where not
only were they responsive to the i nformati on they had

avail able at the tinme, but they werereally focused in
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onthelong -- the sites of long-termretentioninthe
body that committed dose, although it didn't use
conm tted dose at that tine, but the i dea of where in
the long sense is the -- the long-Ilived radi onuclide
is the dose com ng from

| think and so -- well, often now we have
maybe a little greater uncertainty on some of the
shorter lived radionuclides, but that's not in our
menu here. It's the long-lived ones.

| think the ones that you had up there
that we've been talking with, the plutonium is
probably one of the better biokinetic nodels that we
have avail abl e and t here's pl enty of studi es that even
recent injection data wth non-alpha emtting
pl utoni um i sotopes that have been really shown --
hel ped that nodeling process and convinced us of it.

| think plutonium is probably a good
nodel . The menbers of the alpha earth famly --
strontium and radium that are here, wuranium is
probably good. W saw that TM 126, |'mnot sure our
TM nodel is very good at all

DR.  THORNE: | think there is a mgjor
i ssue of speciation on TM

DR. ECKERVMAN: That's right. Wat el se?

Techneti um nodel probably isn't that good either and
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t here, of course, we get those stabl e anal ogs. There
are no other naturally occurring --

DR THORNE: One thing | found wth
Technetium which was surprising was the degree of
variability in gastrointestinal absorptionevenif you
restricted yourself to the * (4:35:39) and dietary
forms and that seemed -- that was surprising to ne.

DR. KOCHER: And even for the sane
i ndi vi dual

DR, THORNE: Yes.

DR. KOCHER: And we still should use a
si ngl e val ue.

DR ECKERMAN: Yes, 1.0. Right on the dot
or .9 what it is. And the F1 is probably -- of the
bi oki netic paranmeters, the F1, the fraction absorbed
from the G tract, this probably is our nost
uncertainty. That's a difficult experinment to do,
especi al | y when you get down to the acti ni des and when
the reabsorptionis alnost nil. It's hardto quantify
it.

So that's the -- actually, | think once
sonme of these materials get to blood, we handl e them
pretty well.

The | ung nodel , | think is or the newl ung

nmodel is nmuch nore realistic in its design and
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incorporated a lot nore of the physiologica
information that was available with regard to the
respiratory systenms, so it's -- and the ability to
actually consider nose breathing as well as nouth
breathers is an inportant --

VI CE CHAI RMAN RYAN:  You ki nd of quickly
reviewed a key point which | think needs a little
anplification, if | may, and that's intake and upt ake.
Met abol i c nodel s deal mainly -- well, they can dea
with both, but | think the focus you' ve offered is
once it gets to blood, we're pretty good. Vel |,
that's the uptake.

DR. ECKERMAN. That's upt ake.

VI CE CHAI RVMAN RYAN: So we can then take
sonething fromthe blood and distribute it in body in
a ti nme-dependent way and pretty nuch figure out where
it's going to go and what organ doses in red, if
you'll met ne, or gray are going to be. So that's one
part. But a part where we're doing the environnental
assessment or an assessnent of a particul ar technol ogy
or Yucca Mountain or anything el se for that matter is
what's the intake. | think what we heard from our
speakers today was nore about what is the intake.

DR. ECKERVMAN. Yes, yes.

VI CE CHAI RVMAN RYAN: So | think that's a
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very inportant distinction and | guess, in my mnd,
that kind of factors in to what John and Dave tal ked
about. | have no problemw th fixing the uptake and
maki ng that very clear, but | think there's roomto
assess the intakes and in a span of possibilities in
the worl d of intakes versus uptakes.

Maybe t hat' s a breakpoi nt where we can see
t he assessnent that M chael tal ked about earlier to
say well, there's no reason you can't informyourself
about those variations andit's the variations in the
intakes that | think are the key because that's what
t he environnental paraneters drive is the intake, not
t he upt ake, whereas on the backsi de of the netabolic
nodel s that deal with, at least in ny mnd, you can
have a cl ean breakpoint at the uptake.

Wul d you agree with that?

DR ECKERMAN:  Yes.

DR. THORNE: I  think there's an
inplication that that as well is worth studying
explicitly. W sawin the cal culations, | think, al

the pathways treated as if the relationship between
intake and uptake is the sane. It didn't matter
whet her the radi onuclide cane in in drinking water or
i ncorporated in food or onsoil, but | thinkif you're

going to make that distinction then it makes a
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consi derabl e difference on bioavailability which of
t hose ways the radionuclide cones in on. And that
coul d change the sort of wei ghting that we saw bet ween
pat hway.

VI CE CHAI RVAN RYAN: Sure. Thank you
O her comment s?

Questions?

MEMBER HORNBERGER: If I could just be
clear on this, this assenbled group. Did | just hear
everyone agree that there was a subset of the
paranmeters in dose nodel s that shoul d be sanpled in a
stochasti c fashion?

VI CE CHAI RVAN RYAN: | don't think you
heard that. It's a nice speech.

MEMBER HORNBERGER: | t hought | just heard
you say that you were making a distinction between
i ntake and uptake and you wanted to fix intake, but
| et uptake be --

VI CE CHAIRVAN RYAN: [It's the ot her way
around.

MEMBER HORNBERGER: Sorry, the other way
around, sorry.

VI CE CHAI RMVAN RYAN: But to ne that's
where you can best inform your calculation of

potential uncertainty and sensitivity is to deal with
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t hose things that change the intake.

MEMBER  HORNBERGER: But i f t hose
paraneters are really uncertain, why shouldn't we
treat them as uncertain paraneters? [|I'm still a
little |ost.

VI CE CHAI RMAN RYAN: | agree with you
That's what |'m sayi ng.

MEMBER HORNBERGER: But John Till didn't
di sagree, that's what |I'mworried about.

VI CE CHAI RVAN RYAN: There's only two.

(Laughter.)

But the point is there is a breakpoint to
think about if you want to look at a risk insight,
it's kind of on the intake side where you have the
opportunity to actually do sonething about it. Once
you get into the netabolic, we're not going to excise
lungs and cut theminto pieces and figure out what
went where. It just doesn't work that way. W have
to do inference from bi oassay and all of that.

And again, | think Keith is kind of
representative of 50 years of that work sitting here
at the table and it's good to hear that sone of these
key nodel s for the l ong-1ived radi onuclides are pretty
good.

So if we maybe try to get away from

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

292

struggling with the dose conversion factors that focus
and focus on the intake part, what actually gets into
t he body and in what formand so on, that m ght be an
instructive breakpoint.

| guess in trying to find summary points
for the day, | think that's nmaybe sonething we can
t hi nk about toward tonorrowis maybe that's sonet hi ng
we can focus on, if we |ooked at intakes.

Yes, Ruth.

MEMBER VEEI NER: Dr. Eckerman, |'ve al ways
had a problemw th going fromdose to risk in these
nodel s because it seens to nme you're introducing
anot her di nensi on of uncertainty which is very |arge
and | have a lot of problemw th reporting this in a
docunent because everybody | ooks at it and says oh, ny
goodness, you know, |'mgoing to get cancer fromthis.

I"d really like to have your comment on
the reporting of results of these nodels.

DR. ECKERVAN: Well, you're indeed right,
of course. That translation of a dose, no matter how
it's distributedintime over toariskis-- has lots
of uncertainty and you' d have to deal with the -- nost
of our information comes to bear to that question is
from the Hiroshi ma/ Nagasaki studies. And the first

thing you wind up i s worryi ng about how well can you
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transfer that information fromthat popul ationto the
popul ation you're interested in and so on.

And so we tal ked about this in 13 and we
have anot her report that's going further in | ooking at
the uncertainties in the risk values thensel ves, the
whol e thing put together, because it is difficult.

However, we're tending to be risk-basedin
our deci sion maki ng and so forth, soit seens that you
need at | east sonewhere along the Iine to | ook at the
-- not just stay with just a pure dose assessnent, but
actually have to westle with the question of risk and
i ndeed | ook at these uncertainties.

In 13, we actually used a lot of the
information fromthe Nati onal Acadeny of Sci ences, of
course, in doing that and they're poised to -- and
have a committee together to now reexam ne the state
of the information. There were questions, that whole
exerci se has been pushed back because of sone
guestions with regard to the dosinmetry for the A-bonb
survi vors.

Now that 1issue has been pretty well
brought to a resol uti on and so the Acadeny wi Il now go
forward with that estimate, but it's fraught wth
uncertainties along the way, yes.

VEMBER WEI NER: | guess the problemis
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isn't there a way and I'masking this, isn't there a
way to express risk wthout just kind of Ilinear
conversion to cancer? | mean that's the thing that
gives ne a problem [I'mnot at all concerned that we
express these doses as risks in sone fashion. It's
the end product, the way we now express the end
product that | think hides the uncertainty, if you
will.

DR. ECKERMAN: There are parts of this --
the conversion is not -- is often done in an
i nappropriate manner inthat especiallywithregardto
the internal emtters because the conmtted dose is a
| egi sl ated quantity over whi ch we average. That's why
Publication 13 couldn't use committed dose.

We onl y cal cul at ed doses t o peopl e who t he
life table told us were alive at the tinme, so you had
to survive. One of the benefits of cancer is that, of
course, you have to survive to get it. Forget that.
But you have to have include that in a rigorous
calculation. So it's difficult to make the whole --
all of this quite transparent to everybody because
it's deeply involved in the mat hematical nodels and
the linearity in these nodels and so forth, but the
information is there to do it and you can do it in a

process that overconmes sonme of the obvious criticisnms
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t hat people will put you to.

CHAI RMAN GARRI CK:  Wth all this expertise
here, I want to ask a question. How do the intake
nodel s involving other toxic substances conpare in
terms of conprehensi veness and conpl eteness with the
i ntake nodel for radiation?

DR. ECKERMAN: | think we know a | ot nore
about radi ati on t han probabl y any ot her pol | utant that
man i s subjected to.

MEMBER HORNBERGER: And part of the
problem there is the world thinks that the only way
you get cancer is radiation.

DR. ECKERMAN. Ri ght.

MEMBER HORNBERGER: | read Dade Moel ler's
book and it tal ks about a lot of other things that
t hreat en our heal th.

And again, the question is where are we
with respect to the conprehensiveness and technical
quality of those nodels and do they contribute
anything to what we're -- is there one of themthat's
way ahead of the radiation intake community?

DR.  KOCHER: In terns of the nodeling
effort?

MEMBER HORNBERGER: Ri ght.

DR. ECKERMAN: In ternms of the nodeling
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effort, no.

DR. KOCHER: There are very fewthat coul d
be considered conparable |ike carbon tetrachl ori de.

MEMBER HORNBERGER: Right. There's all
ki nds of toxic substances in the work place.

VI CE CHAI RVAN RYAN: They have sone
problens to deal with that we don't.

MEMBER HORNBERGER: Yes. Even sonet hi ng
that has as much notoriety as asbestos, do we have
conparable nodels for asbestos that we do for
radi ati on?

VI CE CHAI RVAN RYAN:. Well, even sinple
things, | think, John, like dosinmetry, how do you do
dosi netry for asbestos? Well, it's fiber accounting
and that sort, so it really, how would you even get
and | know sone attenpts have been made as an NCR peer
report that took a crack at tal king about chem cals
and radi ati on on the sane page, but | guess ny viewis
like Keith's that that's probably a beginning step
rather than a well matured step along the way of
figuring out the chem cals.

John, you've done a |l ot of work on both,
so maybe you can address that.

DR, TILL: | can't add any nore to the

conver sati on. W know far, far |ess about the
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chem cal s.

This goes back to that whole question
about the uncertainty. It exists. It's huge. It is
unknown as far as conversion to risk is concerned and
that's why I recomrend for conpliance, don't go there.
That's the point.

DR. MOELLER: Well, and the history of
thisis pretty -- | was going to say wild. That's not
the correct word, but Ruth is correct. The |ICRP and
the NCRP estimated the risk fromradiationin order to
calcul ate the tissue weighting factors. They say in
their reports everything we did is very conservative
and you shoul d not use these nunbers to estimate ri sk.
Well, they did it thensel ves when they did it for the
ti ssue wei ghting factors.

What | believe should be done is -- and
what NCRP and | CRP have done would be a good start.
Could not soneone take all of their sequences of
calculations and estimating the risk for cancer in
each individual organ and you know sharpen up the
nunbers or you knowtry to put sone uncertainty and so
forth on themand come up with a whol e | ot better risk
esti mat e.

DR ECKERVAN: Well, the Federal Guidance

13, organ specific risks were attenpting to be right
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on the A-bonb survivor data and they didn't have
hoppers. They didn't use hoppers.

That was our objective.

DR MCOELLER: Well, let nme conplinent.
|'ve read, | ooked at FTR 13 and that is an excell ent
di gest, but even so we were nentioning or Keith
nmenti oned t hat our basi c epi dem ol ogi cal data, | nean
we have data on radi umwhi ch showed concl usi vel y t hat
there's a threshold for cancer, Robley Evans to his
dyi ng said and his publications showit. But we use
predom nantly the Japanese data. Vell, as Keith
poi nt ed out the Japanese normal rates of cancer and in
different organs are entirely different than ours.
The bonmb was, as you know, a short-term high dose
exposure. It was external. They've even acknow edged
that there are m ssed diagnoses of the types of
cancer, people who have died got, you know. O
what ever the word. "CGot" is a very poor word,
what ever -- substitute in the record whatever is the
correct word. And the NCRP, bless them so far as |
know is the only group, Warren Sinclair chaired the
group, that tried to take t hose Japanese data and nove
themover tothe U . S. and put in the uncertainties and
so forth. And they finally cane up with a factor of

2. They said take the risk of cancer suffered by 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

299

Japanese, divide by two and say that's okay for |ow
dose in a chronic situation.

But then he al so plotted the distribution
in the 95th and 5 percentile and it's pretty w de,
pretty w de nmargin.

DR KOCHER: | guess | disagree with that
| ast statenent. For uniform whol e body irradiation,
their conclusion was that the risk of any cancer was
known to | ess than a factor within a factor of 3. The
di fference between the nedian and an upper or | ower
confidence limt was less than a factor of 3 and |
call that pretty tight.

DR MOELLER: | agree.

DR. KOCHER: There are many conpli cations
inall of this. If youreally want to anuse yourself,
| ook at the basic data from which risk factors for
chem cals are derived. It's a hoot. It's absolutely
a hoot.

VI CE CHAI RVAN RYAN: So we' ve got t he easy
one.

DR KOCHER: You know, whoever said we
know a heck of |ot nore about radiation risks than
anything else, that's true. O course the organ
specific risk coefficients can vary widely and if you

want to get sort of the latest NCI thinking on that,
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it's avail able.

To me, the issue of riskreally boils down
toif you're going to conpare radiation with anythi ng
el se, there is no other coin of the realm You can't
conpare grays with anything else out there for any
other insult, so you' ve got to bite the bullet and
tal k about risk. There's no other neasuring stick.

DR, MCELLER: Wll, in Bill Bair's
Lauriston S. Taylor's |lecture of 1997, you knowis a
good place to start. It's not the only thing, but
it's certainly a good docunent to read to understand
the differences between external radiation and
internal radiation of the body.

VICE CHAIRVAN RYAN: | think we're at a
poi nt where we can probably close this discussion
session. | wanted to offer any tinme for nenbers of
the public that wanted to make public coments. |
thi nk we have at | east one and only one.

Woul d you i nt roduce yoursel f t o everybody,
pl ease?

M5. TREI CHEL: Judy Treichel, Nevada
Nucl ear Waste Task Force. | think at the very
begi nni ng of t he day when Dave Moel | er started out and
said we're going to be -- the public is going to ask

what dose am| getting, | don't think that's probably
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t he case. The question is going to be why am| being
dosed?

And that's an entirely different question, but in
listening to the whole conversation that's gone on
here today, and knowing that this 1isn't just
theoretical and it's not sonething that's just being
done on paper, | know t he people in Amargosa Vall ey.
| know a | ot about that area and it's very hard to sit
here and listen to the di scussi on about the receptor
when you know what it's nane is.

And it seens to nme that if this whole
t hing works out and Yucca Mountain is |icensed and
it's built and the rating standards are applied and so
forth, there should certainly be a disclainer -- not
a di scl ai mer, there should certainly be an expl anati on
t hat goes out to those people letting themknow who it
is that this regulation applies to, that it's an
adult. That's the big thing. Because children are
very, very different. They're nore suscepti bl e and at
the sanme tine they're nore exposed.

You t al ked about howt hese peopl e eat t hat
they go off and conmute to work. Well, an infant and
a child don't commute to work. They're right at hone
and t hey pl ay out si de and t hey dri nk soneti nmes regul ar

m |k, sonmetines nmother's m |k and t hey put everything
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in their nouth and they play in the dirt. So it's
very difficult and even knowi ng that, taking the
surveys that were used, as Steve said, partially they
wer e bad surveys. They only tal ked to peopl e that had
t el ephones. | think, | renenber, that they were only
done in English and there's a | arge Spani sh-speaki ng
popul ation out there that is difficult to even find
sonetinmes, but you can't find them by phone.

And a | ot of the crops are changi ng and |
realize that this whole thing is being taken in a
snapshot in tine where you take exactly what's going
on right now and you apply it thousands of years into
the future, but at this point, pistachi os are becom ng
a bi g deal and people are com ng back fromthere with
commerci al pistachios, things that you buy in the
store that are grown in Amargosa Valley and there's a
whol e | ot of them

There's al so honey that's com ng out of
that area. | don't knowif it's being sold or | got
it as a gift, so I'mnot sure if it's commercial or
not. But that's another crop. And it may be that the
peopl e there aren't eating alot of thesethings. [|'m
sure they don't eat the majority of their pistachios
because they're a very valuable conmmercial crop and

they're doing pretty well on themand it's going to
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i ncrease. It takes a long tine for pistachios to
start producing. And they're going now and they're
going to keep going, but so you may not be killing
them with radiation. You mght just kill them
econom cally because there's a huge and grow ng
organi c farm ng situati on goi ng on out there where you
have organic mlk. You' ve got organic vegetables.
Al'l of those sorts of things. And that just dies if
you nention the word radiation.

So that's a factor that | suppose is not
rel evant here, but it's extrenely relevant to those
people and they aren't going to wunderstand a
conversation about i s conservati smcaution and that if
you're overly conservative, you' re wong. Well, in
their mnds, if you' re overlay cautious, that's great.
And that's what they're | ooking for.

So a lot of the word ganes are really
probl emati ¢ when you're actually tal king about the
peopl e and avoi ding the worse case is not sonething
t hat shoul d be done. Nevadans know what the worse
case i s and we' ve got a real good one going right now,
very currently. And you can find out a | ot nore about
how ot her thi ngs, how other toxics work. |If you take
a |l ook at the people who have died already at Yucca

Mount ai n di ggi ng the tunnel.

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

304

There's the silicosis out thereandthat's
a lung thing and it was nentioned that we're stil
just learning how |l ungs work. Well, there's a good
study. We've got people that have i nhal ed toxic dust
and have al ready been affected.

Soit's just very difficult when you have
to understand that you're tal king about real people
and perhaps it's a really bad thing to conbine a
repository and a farming conmunity. There are a | ot
of peopl e working on this project that have come from
WPP that are very famliar with WPP and W PP di d not
conbi ne farm ng, heavy water use and a repository.
And |I'm not sure you should ever do that. And
particul arly, not when you can throw a vol cano i n j ust
as frosting on the cake.

So t hank you.

VI CE CHAI RMAN RYAN: Thank you for your
comments. It is at the hour of five o'clock and I
think what I'd like to dois -- yes, |I'msorry.

DR. WASI CLEK: Just for the record, the
Spani sh and English was used in the survey. So there
were two sets of questions, one set was i n Spani sh and
the other set was in English.

VI CE CHAI RMAN RYAN: Thank you for that

clarification. Anything else? Thank you.
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| think what 1'd ask is to chal |l enge each
of the Panel Menbers to digest and think about what
you've heard through the day and then maybe we can
start with an introduction and ki nd of a reviewof the
key points and what you see as sumrary points that
you'd like us to take away from the first day's
activities leadingintothe second and then we' || hear
tomorrow and ki nd of finish upwth a simlar sumary
toward the end of the day. So | won't try and press
into service for sunmary information today. It's
probably best to digest and think about it.

Are t here any questions fromACNWnenber s?
Fromthe fact that the brief cases are com ng up off
the floor -- that tells neit's tinme to bang the gavel
and I'll turnit back to the chairman for the gavel at
the end of the day. There we go.

Thank you very nuch. See you in the
nor ni ng.

(Whereupon, at 5:01 p.m, the neeting was

concl uded.)
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