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PROCEEDI NGS

8:33 A M

CHAI RVAN RYAN: The neeting will come to
order, please.

This is the third day of the 174th neeting
of the Advisory Comrittee on Nuclear Waste. During
today's neeting, the Commttee wll consider the
foll owi ng: dose effect relationships and estimation
of the carcinogenic effects of | ow doses of radiation
radi ati on; a white paper on potential advanced fuel
cycles; and discussion of ACNWdraft letter reports.

This neeting is being conducted in
accordance with the provisions of the Federal Advisory
Commttee Act. Latif Handan is the Designated Federal
Oficial for this neeting. There he is, Latif, thank
you.

W have received a request by Dr. Theodore
Rockwel | from Radiation Science and Health,
| ncorporated to make an oral statement during today's
session and we'll schedule that. W'IIl get that
organi zed for a presentation in a short while. Should
anyone el se wi sh to address the Conmittee, pl ease nmake
your w shes known to one of the Conmittee staff.

It is requested that speakers use one of

the m crophones, identify thenmselves and speak with
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7

sufficient clarity and volume so that they can be
readily heard.

It's al so requested that if you have cell
phones and pagers that you kindly turn them of f.

Thank you.

(Pause.)

|"mpleased to tell you this norning that
we have nenbers from the French Acadeny of Science
Commttee on the Dose Effect Relationships and
Estimation to Carcinogenic Effects of Low Doses of
| oni zi ng Radi ati on Report recently published by the
French Acadeny. Qur presenter is Dr. Bernard Le Guen
and acconpanying him is Dr. Yves Garciet, also
involved with radiation protection in France.

Gentl enen, welcone to the United States
and wel come to the ACNWand we truly appreciate your
willingness to cone and share this presentation of
your report and without further delay, | will turn the

presentation over to Dr. Le Guen. Wl cone and thank

you.
DR. LE GUEN. Thank you. So good norning,

| adi es and gentlenmen. | would |ike to thank the

organi zer for the invitation. I'mD. Le Guen. |I'm

a nedi cal advisor at EDF and |' mal so the president of

Heal th and Research section of the French Radi ati on
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Protection Society.

| am al so a co-author of the French
Acadermi e report.

Over the past 20 vyears, the French
M ni stry of Research has twi ce asked the Acadeni e des
Sciences to carry out the critical review of the
avai l abl e data regarding the effects of | ow doses of
ioni zing radiati on on health.

In 2003, the two Academ es, Acadeny of
Sci ence and the National Acadeny of Medicine, decided
tojointheir effort for an update of two main topics:
the dose-carcinogenic effect relationship and the
carci nogeni c effect of |ow doses.

A working party was set up; about 50, 52
different versions and its report was accepted after
a fewnodifications, suggested by the reviewers and it
was rel eased in March 2005.

The nmain problem for both nedical and
nonnedi cal uses of ionizing radiation is the possible
carcinogenic risk associated with snmall doses of
ionizing radiation. These eventual risks are al so of
great inportance with regard to natural irradiation.
Just an exanple: it would be of great value to assess
the risk of lung cancers caused by various radon

concentrations in the air at hone or at work, and
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whet her there is a practical threshol d bel owwhich the
ri sk becones negligible.

And in our estimation of the risk
associ ated with exposure to radon at hone, could | ead
either to overl ooking serious public health problens
gi ven the nunber of peopl e exposed or conversely, to
ensuring considerable pointless expense in order to
limt such exposure.

The assessnment of carcinogenic risk
associated with doses of ionizing radiation fromaO0. 2
sieverts to 5 sieverts 1is based on nunerous
epi denm ol ogi cal data. However, the doses which are
delivered during nedical x-ray exam nation or the
doses received by nuclear workers or in regions of
hi gh natural background irradiation are nuch | ower
fromO.1 millisieverts to 20 mllisieverts.

The evolution of the cancer risk of |ow
doses is of great inportance in nedicine. Just an
exanpl e about France, approximately 17 mllion
radi ol ogi cal exam nations are performed in France
every year, delivering an average of 1 mllisievert
per year to every French person. Depending on the
dose effect rel ati onshi ps used, it can be deduced from
this either that these exans coul d be | eadi ng t o about

3,000 cases of cancer a year or that they do 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

10

represent any hazard.

To illustrate ny point, doses delivered
during a nedical x-ray exami nation and you can see
that it depends which examis perforned, soit's from
15 mcrosieverts in case of chest x-ray to 4 or 10
mllisieverts in case of body scan.

In fact, in Europe, there is a large
di screpancy, a large variability in the dose received
for the same exam nation fromone country to anot her.
Fromny point of view, before to assess precisely the
risk the first step for us is a step of optim zation,
is a step of harnonization of the common practice in

Eur ope because you can see that it's not the dose,

it's the skin dose, mlliGay. |If you have a chest x-
ray in the Netherlands, vyou wll receive 0.13
mlligray, but in Geece, you wll receive 1.93
milligray.

About now as t he dose received by nucl ear
wor kers and by popul ation who live in the vicinity of
nucl ear power plants, nuclear energy delivers about
0.001 mllisieverts so one mcrosievert per year to
each performed in France in the vicinity of four
plants, the dose can reach 15 mllisieverts, 15
m crosi everts, sorry, 15 mcrosieverts per year. So

peopl e working in the nuclear industry receive on
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average less than 2 mllisieverts per year.

And you can observe the | arge reducti on of
50 persons over the last 10 years with to date an
average dose of 1.6 mllisieverts per year, so very
cl ose to the natural background.

So the inpact on health varies wdely
depending on how it is estinmated between zero inpact
and several dozen | ung cancers per year for the entire
French popul ation and between zero in a few |ung
cancers per year for workers.

Here i s t he sane di agramthat' s concerni ng
the collective dose with a large decrease of the
col l ective dose over the last 20 years for the sane
nunber of reactors in France and today, the collective
dose is about 0.78 Man. sieverts.

Vell, follow ng the smal|l doses, no excess
of cancers has been detected. However, the lack of an
i ncrease does not exclude possibility of a snal
excess of cancers. Solid tunors and | eukem a have a
spontaneous incidence that is high and varies
according to lifestyle. Just an exanple here, due to
the aging process, you have the increase of the
i nci dence of the breast and colon cancer and those
Wi t hout exposure to ionizing radiation, just due to

t he agi ng process.
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So, the possible increase in this
incidence following irradiationis relatively | ow, so
the studies nust have sufficient statistical power
which require large cohorts. But, in large
popul ati ons, confounding factors as consunption of
tobacco, for exanple, are present and they nust be
taken into account by appropriate statistical nethods
because their specific effect can be nmuch greater than
the effect of irradiation.

So, it is highly unlikely that putative
carcinogenic risk could be estinated in the future or
even established for |ow doses through case contro
studies or the followup of cohorts due to the all-
conf oundi ng factors.

Wll, both of the difficulties about
epi dem ol ogi cal studies, you knowthis, that's if you
have a high dose with a dose received about one
sievert, one thousand mllisieverts, you need a
cohort, you know, an epidem ol ogi cal, one nonment, an
epi dem ol ogi cal study of 500 peopl e and conversely, if
you have a | ow dose, about ten mllisieverts, you need
five mllion people in your cohort.

O her confounding factors are the natural
i rradi ati on background. You need to take into account

the cosmic radiation, you knowthat it's different if
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you live at sea level or if youlivein altitude. You
need to take into account the external exposure to
earth's radiation. O course, you know the fanous
exanpl e about Brazil, that's for Antonio, | don't know
where it is. The sun, you have 35 mllisieverts per
year. And you have al so internal exposure due to
drinking water. | gave just an exanple with the
French St. Al ban water, and you can receive 1.25
mllisieverts per year.

So, even for several hundreds of thousands
of subjects, the power of such epi dem ol ogi cal studies
woul d not be sufficient to denpnstrate the existence
of a very small excess in cancer incidence or
nortality aiding tothe natural cancer incidence which
in a nonirradiated population, is already very high
and fluctuates according to lifestyle. And, today,
because of these epidem ological limtations, the only
nmet hod wi t h epi dem ol ogi cal studies for estimatingthe
possi bl e risk of | owdoses, so bel ow 100 m | lisieverts
is extrapolation from carcinogenic effects observed
between 0.2 and 3 sieverts, with all the friction
exposed.

Vell, the French reports point out that
foll owing exposure to |ow doses, epidem ol ogical

studi es have not evidenced any significant effect
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because either there is no effect or the effect is too
smal|l to be detected by such studies. These results,
whi ch are soneti nmes descri bed as negative results are
useful because they help to assess the upper linmt of
the potential risk and can be included in neta-
anal ysi s.

| would like to give you sone exanpl es.
0] cour se, you know the famous cohort of
Hi r oshi ma/ Nagasaki. W have 76,000 people in the
cohort with an average dose of 200 mllisieverts.
There is no risk, the risk is not significant for
| eukem a bel ow 150 mllisieverts and the risk is not
significant for solid cancer below 100 nmillisieverts.

The first ICRC publication in 1995 with
three cohorts, with three countries, when you have
96, 000 nucl ear workers, the risk was not significant
for | eukem a below 400 millisieverts. They observed
an increase of the risk of leukemiainthe first study
upwards of 400 m |l lisieverts and for solid cancer, it
was not significant.

The last |1 CRC publication, published in

2005, with a large cohort, 600,000 nucl ear workers,

with a snmall dose received, an average of 19.4
mllisieverts. The |leukem a and solid cancer was not
significant below1l00 m|lisieverts, but they concl ude
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t hat one or two percent of the cancer observed are due
toionizing radiation. But there is nuch |arger, nuch
i ncrease of the uncertainty in this publication than
t he ot her one.

And you can see that you have a |arge
cohort. It's not because you have a |arge cohort that
you have not uncertainties. | wll give you just an
exanple in a few nonents about that.

O her publications, radiologists, about
exposure from 1960 to today, a large group of
physi ci ans, 220, 000 physicians in this group, the dose
received froml1l0 to 15 mllisieverts per year, and the
risk of |eukem a and solid cancer were not
significant.

Cabin crew, a group of 47,000 people with
a | ow dose exposure from 1.5 to 6 mllisieverts per
year, the |eukema and solid cancer were not
significant, but they observed an increase of
nmel anoma.  And you rnust, perhaps you know t hat
nelanoma is not related to ionizing radiation
exposure. The increase is probably due to | ong
exposure to the sun, to UV, probably on the beach
during the different stop-overs, but not due to the
i oni zing radi ati on exposure.

Vel l, another exanple is about nedical

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

16

exam nation. There is an interesting American
publication on the women exposed by fluoroscopy. It
was due to tubercul osis disease and the fluoroscopy
was used just after World War Il so from1945 to 1960,
and these were large cohorts and they observe an
i ncrease of breast cancer for an exposure of about 100
mllisieverts.

About radi ot herapy, another publication
with 7,700 breast cancer, the excess of solid cancer
was not significant. For the tissue, while the dose
recei ved was below 150 mllisieverts. So, not on the
tunmor, but on the border, on the tissue borders the
tunmor, when you cannot receive some exposure and the
risk was not significant below 150 mllisieverts.

Now, some inportant st udi es, some
inmportant new facts have enmerged, such as the
feasibility and value of studies conparing the
norbidity and nortality in regions with high and | ow
| evel s of natural irradiation, but simlar |lifestyles.
And, for the nonent, for exanple in Kerala in India
with a publication w th 100, 000 people with a dose, an
aver age dose of 70 m|lisieverts per year, thereis no
increase in incidence of |eukem a or solid cancer.

Anot her publ i cation in Chi na, in

Yangi jang, with | ow exposure from2 to 6 mllisieverts
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per year, and the risk for the noment was not
significant or for us, the publication, so it's no
ri sk of |eukem a or solid cancer.

Well, about the last slide here, see
publication, here you have different cohorts. You
have t he Canada cohort, the Sweden, U.K and Gernany,
Ameri can cohort and when you conbine all the cohorts,
you observe an excess relative risk per sievert for
all concerned excluding |eukema in cohort of nore
t han 100 deaths. |If you have a | ook, for each cohort,
the risk was not significant except for Canada's
cohort and if you don't take into account Canada's
cohort, the risk is not significant. So there is a
probl em of heterogeneity in this cohort with this
gr oup.

Anot her problem another difficulty was
the typical consunption of the lung cancer. They
weren't able to take into account as a typical
consunption and see, if you don't take into account
t he lung cancer, there is norisk, so don't observe an
excess of risk.

So it's very hard to conclude and in fact, you
can see that this second | CRC publication of nuch nore
uncertainties than the first study published in 1995

with I ess workers included in the cohort.
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VWell, so the question renmins, here you
have the recogni zed effect, so the questionis what is
t he good rel ati on bet ween dose and effect bel ow t hose
recogni zed effect? 1Is it linear relationship? Is it
a quadratic relationship? O is it a norma
rel ati onshi p?

In fact, the relationship takes into
account the linear no threshold is not a problemfor
regul ation, but the questionis, is it true or is it
not true?

Wll, a few coments about Ilinear no
threshold rel ati onshi ps. The LNT nodel was used in
1966 by Russell to evaluate the radio-induced
mutations in the germcell line in the nmouth. It was
i ntroduced between 1960 and 1980 for the purposes of
regulation in radiation protection with regard to al
mut ageni ¢ and carci nogeni c effects in hunmans.

At that tinme, LNT was considering a
conveni ent and pragnatic relationship, but a node
based on scientific data. In the 1960s, the
I nternational Conm ssion of Radiation Protection
introduced it because it allows the addition of
sequential irradiation delivering or | owor high doses
of radi ation received by an i ndi vi dual whatever is the

dose rate and the fracti onati on.
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Thus, it greatly sinplified accounting in
the radi ation protection, however, gradually LNT was
interpreted as nmeaning that the carcinogenic risk
is proportional to the dose and that even the smal | est
dose i nduces a cancer ri sk.

So because we think that epidem ol ogi cal
studies do not have sufficient statistical power to
determi ne the risk froml ow dose exposures, therefore
fundamental nechanistic studies are essential to
under st and bi ol ogy short and I ong-termeffect of |ow
dose i oni zing radi ation and to hel p eval uating ri sk at
t hose dose | evel s.

Recent research developnents and in
particul ar, nolecular approaches have |lead to new
findings that put into question sonme of previously
est abl i shed radi obi ol ogi cal paradi gnms and concepts.

The present reviewoutlines what we got to
know recently. What we'd still like to know of | ow
dose and low dose rate effects and the possible
consequences for radiation protection.

Vell, the rapidly growing know edge in
nol ecul ar bi ol ogy and radi obiology during the |ast
decade should let us to exam ne the validity of the
inmplicit assunption on which the use of LNT has been

based for assessing the carcinogenic effect of |ow
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doses below 100 nillisievert and of very |ow doses
before 10 mllisievert on the basis of that observed
in the range of doses of 0.2 to 3 sieverts.

The LNT nodel postulates that the cel
reacts in the sane way regardl ess of the dose rate and
dose which inplies that the probabilities of death and
mutation, their unit dose and the contribution to
carcinogenesis of each physical event renains
constant, irrespective of the nunber of I esions inthe
cell and in the neighboring cells.

This constancy inplicitly admts several
hypot heses. First, in the range of the doses and dose
rates and their consideration, there is no physical,
chem cal or biological interaction betweenthe effects
caused by the various particles in the cell and we
know that is not true.

Second, any absor bed dose of energy in the
cell nucleus leads to a proportional probability of
nmut ati on and we try to showto you that is not true.

Third, the probability of successful
repair of msrepair per dose unit are always the same
what ever the nunber of | esions of the sane cell. That
is not true.

Fourth, there should be no intact of dose

or dose or those rates. Simlarly, the probability of
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a part of this does not vary with those. It's not
true. And | ast, any DNA | esi on has the
same probability of giving rise to cancer,
irrespective of the nunber of alterations in the stem
cell and in the neighboring cells. W wll try to
denonstrate that it is not true.

Well, so the LNT has been used for
assessing the effect of |ow dose and very | ow doses.
This procedure has becone a dogma in many radiation
protection cycles. But the validity of the LNT has
been chal l enged over the past decade for too many
reasons. Sone neta-analysis of the animal data have
shown t he absence of any carci nogeni c ef fect of doses
bel ow 100 millisieverts. | put just an exanple with
Phillip Duport meta-analysis, with nore than 60, 000
nouses on the anomalies effect with 40 person of the
experimenter series.

And scientific progress, and | will talk
about scientific progress. Scientific progress has
revealed the conplexity of carcinogenesis and the
di versity and effectiveness of the responses of a cel
to radiation. So this LNT hypot heses are not
consi stent with current radi obi ol ogi c know edge whi ch
shows that cells do not remain passive when they are

irradi ated, either by solar UV or by radiation.
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Because of course, ionizing irradiation is not the
only genotoxic for the cell.

Mor eover , intracel lular comuni cation
systens informa cell about the presence of an insert
in neighboring cells. O course you know in the case
of ionizing radiation, DNA is a target. And the
guestionis, is there a probability of DNA nmutation or
not ?

The oxi dative stress i nduced by
irradiation triggers several defense nechanisns
agai nst detoxify active spaces. Directive oxygen
spaces fornmed by water induced by radiation danages
some cell constituent and produces oxidative stress.

This oxidative stress stinulates enzyne
systens that detoxify active spaces of oxygen forned
and induce the synthesis of enzynes that destroys
them |In parallel, oxidative stress also activates
numer ous signaling pathways. |In case of DNA danage,
it's not the in cell physical, chem cal event that
changes, but their outcone.

This sentence is very inmportant. The
def ense mechani sns i nduced in a cell depends on the
degree and the nature of the cellular damage. So in
t he case of lowlinear energy transfer, so LETs, so in

t he case of I owlinear energy transfer radiation, such
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as photons or el ectrons, when the warmbody i s exposed
to one mlligray, each cell is on average crossed by
one el ectron.

Each el ectron induces an average of two
DNA | esions, including one single-strand break, one
SSB, and four by ten to the m nus two doubl e-strand
breaks, DSB, of the DNA nolecule. And ten to m nus
four chronmosone aberrations. This initial effect is
proportional to the dose. As in general, DSB is a
direct or in direct consequence of high transfer of
energy within or alongside DNA nol ecule, mainly by
nmeans of radiation induced active oxygen spaces.

The def ense mechani sm induced in the cell
depends on the nunber and nature of cellul ar damages.
The nunber of doubl e-strand breaks caused by one gray
dose has been estinated to be between thirty and
forty. In contrast, the nunber of doubl e-strand
breaks of endogenous of natural origin of the stress
produced in each cell by the oxygen's netabolism
remai ns controversi al

It has been estinmated to be eight per day
and 50 per cell cycle, by (9:03:39), who estinmates
t hat about one person's single-strand breaks turninto
doubl e-strand breaks, and it assunmes 3,000 single-

strand breaks per day in a cell. So we tried to

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

24

resunme now differences between endogenously and
ionizing radiation induced DNA | esions endogenously
due to cellular netabolism one finds nany singl e-
strand breaks and nodified bases.

However, also double-strand breaks are
conplex lesions. lonizing radiation induced |esions
in DNA include considerabl e amounts of doubl e-strand
breaks and conpl ex cluster of |esions such as locally
mul tiply damaged sites, LMDS, together with many
si ngl e-strand breaks and base damages.

Vell, for exanple you have here the
conpari son between endogenous and radi ation induced
DNA damage. You have here for spontaneous | esion per
cell per day and here you have radiation induced
| esi ons per gray.

That's very interesting to note that the
doubl e- strand breaks caused by natural irradiation of
2 to 25 mllisieverts per year only corresponds to a
very small fraction of the total nunber of doubl e-
strand breaks, |ess than one per thousand. That's
normal because ionizing radiation is not the only
stress for the cell.

W wll talk about clustered danaged,
LMDS, because it seens to be specific for ionizing

radi ati on. The first physical chem cal events trigger
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a series of signals and reactions that can profoundly
alter the fate of the DNAlesions. So is this not the
initial physical chemcal events that change, but
t hei r out come?

The defense nechani sm induced in a cell
depends on the nunber or nature of simlar damages.
Modern transcriptional analysis of cellular genes
using mcro-array technology reveals that without
nodi fication of the genone, nunerous genes are
activated or innovated foll owi ng doses nmuch | ower t han
t hose for which mutagenesis is observed.

Mor eover, depending on the dose and the
dose rates, not the same genes are transcribed. In
the nucl eus, different degrees of DNA damage | ead to
the activation of different fanmily of genes. And now
| will showto you a few exanples in a few nonents.

In recent years, sonme new findings have
alerted radiation biologists. K-shell activation by
| ow LET ionization radiation and the em ssion of two
Auger el ectrons, 250 and 360 el ectron volts, can
i nduce conplex DNA damages |ike DNA double-strand
breaks. Also, very |ow energy el ectrons bel ow 10
el ectron volt can give rise to doubl e-strand breaks.
And hi gh LET and | ow LET ionic radiation can give rise

to locally multiplied damaged sites in DNA
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Inthelight of theoretical considerations
and in vitro and to the only in vitro experinental
studies, it has been proposed that ionizing radiation
could induce multiple | ocalized | esions consisting of
si ngl e-strand breaks, oxidative danage to bases, and
clusters of double-strand breaks |ocated within a
di stance of |ess than 20 base pairs within the DNA

These very conpl ex | esi ons are consi dered
to be responsible to a large extent for the genetic
effects of radiation. They may constitute particul ar
obstacles to cellular repair.

Vell, so predicted from biological
bi ophysi cal nodel <calculation, from Mnte Carlo
calculation, true to be induced at higher |evels at
| ow | eads radiation, and as | say, they nmay consider
particul ar obstacles to cellular repair.

In contrast to lesion arising during
normal cellular netabolism clustered | esions or LMDS
are thought to constitute nolecular markers or
signatures of ionizing radiation and to be rather
excl usively induced by ionizing radiation, see BEIR
VI| report.

In addition, 30 percent of double strand
rates are of conplex form So LMDS are thought to be

responsible for nobst genotoxic effects such as
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lethality, mutations, chronosone aberrations, cell
transformati on and cancer. This is in the BEIR VI
report.

I n fact, much work has been done i n recent
years to better define and quantify these lesions in
irradiated cells and deternmine their biological
consequences. You can see publication of Sutherland
and Gul stion and Young and in front with Boucher.

So according to BEIR VI, LMDS, clustered
damage, may be viewed as conpl ex | esions associated
with ionizing radiation and not wth endogenous
oxi dative processes. |If there are refractory to
repair, the risk of humans posed by i oni zi ng radi ati on
may be viewed as grater than that posed by endogenous
oxi dative stress.

But in fact, however, in LMDS, today, are
difficult toquantify in human cells and t heir nunber,
if present, is quite limted.

Most of cluster |esions may consist of
conpl ex doubl e-strand breaks. In nost cases, that's
true, plus clustered |esions are found refractory to
repair, but such lesions are | ethal and nonnut ageni c.
soif the cell dies, there will be no consequence for
t he tissue.

The tests are wunlikely to contribute
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significantly mutagenic and carcinogenic risk of
ionizing radiation for humans. So differences about
DNA repair, this conclusion regarding differences in
the efficacy of the protection systemare supported by
vari ous experinental or clinical data which highlights
t he i npact of repair and t he biol ogi c consequences of
t he radi ation.

So about repair and dose rates, at equal
doses, the mutagenic effect varies markedly with the
dose rates. \Wien the dose rates increases the
nmut ati on frequency after having passed through a
m ni mum i ncreases strongly. A limted nunber of
| esions incudes a reversible arrest of the cell cycle
with repair. And conversely, the high |ocal density
of lesion reduces the repair efficacy.

So dose rate effects on cell survival and
the induction of DSBs in manmalian cells. Wile the
dose rate i s | ow, the nunber of |esions simnultaneously
presented in the cell is linmted.

Conversely, the high dose rate leads to
the simultaneously presence of a |arge nunber of
| esions. So this high local density of |esions
interfere with the coordinated action of the repair
system and al so increases the probability of error

prone enj oi ni ng due to the presence of several doubl e-
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strand breaks in a restricted vol une.

As viewed here, with nuch nore residue or
doubl e- strand breaks for the sane dose, 11, but in one
case that's high dose rates and in the other case a
| ow dose rate.

So at equal doses, the nutagenic effect
varies markedly with the dose rate. Wen the dose
rate increases the nutation frequency increases
strongly. |f the nunber of |esions which are present
simultaneously is snall, repair, is generally nore
effective. Plus, it is nore effective at |ow dose
rate than at high dose rate. So in this publication,
the introduction of double strand breaks is reduced
after exposure of the | ow dose rates, so it was open
05 Gray per mnute as conpared to exposure at high
dose rates, 3.5 Gray per mnute.

Vell, this sideis very interesting. The
ef fectiveness of DNA repair systemis evidenced by the
| ack of any reduction in the nmutagenic and |etha
effect as the dose rate decreases in the cell linein
whi ch the DNA repair system are inpaired.

In this publication, they use a speci al
hanster ovary cell line. This cell line, there is an
absence of repair, NHEJ. And if there is an absence

of repair, you have an absence of a dose rate effect
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on the induction of double-strand break.

So this lack, this lack of repair is al so
observed when just nmanmalian cells are exposed to
gama rays at zero Celsius a tenperature that inhibits
the repair enzynes. So the nunber of DNA doubl e-stand
breaks is then identical at high and | ow dose rates
whereas at room tenperature it is nuch snmaller at
| ower dose rates. So dose rates determ nes the
average tinme interval between physical rates it has
the major effect on the cellular response. The
biological effects on irradiation, nutagenesis,
chronosone aberrati ons and so on decrease as dose rate
decreases. So the biological effects of the
irradi ati on depends on two distinct factors. First,
the greater efficacy of the DNA repair at | ow dose
rates and the probability of damaged cells to be
el i m nat ed by deat h.

Now about pathway signal, taking the
activation, phosphoryl ati on by ATMof the hi stone H2AX
as indicator for radiation-induced DSBs. Collins in
2004 published, have shown that at a very | ow dose
rates, 94 mlliGay per hour, DSBs are recogni zed by
detector proteins but not repaired because of an
absence of activation of ATM So in that sense of DNA

damage signaling. Signaling of DNA damage so DVA
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break depends on those rates.

At hi gher dose rates DNA danage signaling
is taking place. There appears to be a threshold for
ATM dependent signaling and DNA repair.

So DNA damage double-strand breaks
signaling via ATM and HWAX phosphoryl ati on was found
to be absent at a very low dose rate, 1.5 mlliGay
per mnute. And associated with lethality, but
present at slightly higher dose rate, 4.16 mlli G ay
per mnute and at high dose rates, 750 mlliGay per
m nut e.

Dose rate changes affect genes of
radi ati on-includes apoptosis, but not genes of cell
proliferation. Thus, exposure at very | ow doses
| evel s of chronic radiation may cause nore cel
killing than that estimated for extrapolation at
hi gher doses and that's inportant to note.

Vell, just to show to you several well -
defined pathways exist for the repair of radiation-
i nduced | esions, some of themwith high fidelity
repair, you have some exanples here and sone of them
with low fidelity repair 1like non honologous
enjoining. And the system depends on the dose
recei ved.

Vell, | would like to present you the | ow
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dose hypersensitivity. The first time it was
publ i shed by Joi ner and Joi ner, as observed, in many
cell types, the high lethality at a few hundred
mlliGay foll owed by radioresi stance at doses over
0.5 G ay.

It involves a special enzyne, the PARP 1,
pol y ADP-phosphori bosyl transferase activity. So for
a special enzyne, PARP 1. In effective cell cycle
arrest in GS-phase cells and DNA repair.

So there is a possible role of hyper-
radi osensitivity responses in radiocarci nogenesis from
O to 100 mlliGay and this possible role is not yet
under st ood.

So it is well understood for sone cel
types, nortality is very high per dose unit at the
onset of irradiation, during the first 200 mlli G ay
and then falls to a very |low | evel before increasing
agai n.

Thi s | owdose hypersensitivity is observed
in many cell types leading to a high nortality rate,
per dose unit, for doses of less than a few hundred
mlliGay of |ow LET irradiation.

So the cel | ul ar def ense nechani smagai nst
lethality which initially showed Ilittle efficacy

beconme nore effective during irradiation. This
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initial hypersensitivity elimnates danaged cells with
the nmutagenic potenti al after | ow doses of
irradiation. So it could be good for us to have a
hypersensitivity because if can't elinmnate at |ow
dose all the cells, there is no consequence for the
tissue.

Vell, variation in DNA repair efficiency
depend on the genetic background. You have an
i ndi vidual hypersensitivity due to nmutations or
pol ynor phi sns of DNA repair genes in the general
popul ati on, due to OGGL, XRCCl gene.

And if you have a default in damage
signalling and repair, these defaults are often
associated with cancer predisposition. |If you have
some problem with your ATM you have a cancer
predi sposition to | ynphoma, to breast cancer. |f you
have sone default with your BRCA1 or BRCA2 gene, you
have a cancer predisposition to breast and ovarian
cancer. |If you have sone trouble with Lig/V, you have
some predisposition to i Mmune defi ciency.

Moreover, this variation in DNA repair
ef ficiency depends on the differentiating status of
cells and tissues and depends on age. So the pat hway
of signalization of DNA damage is very inportant for

the DNA repair.
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| ndi vi dual sensitivityisrare and usually
not detectable in population studies, SO in
epi dem ol ogi cal studies. Anmong patients undergoi ng
radi odi agnosti c t onmogr aphi c examni nati ons or
radi ot herapeutic treatnments sone patients have been
recogni zed with decreased doubl e-strand break repair
capacity.

Several other studies point to the
i nvol venent of repair gene polynorphisnms such as
XRCC3, XRCCl and XPD in the accunul ati on of genetic
effects in individuals chronically exposed to exposed
i oni zing radi ati on.

But XRCC1 and |lutathion-S-transferase
pol ynmor phi smwer e found associ ated wit h radi ot her apy-
rel ated mal i gnanci es in survivors of Hodgki n di sease.
So in case of high dose received, not |ow dose
recei ved.

DNA danage signaling is necessary for DNA
repair. Deficiencies in DNA repair are associ ated
with cancer. Deficiencies in DNA repair are
associ at ed Wi th i ndi vi dual hypersensitivity.
Deficiencies in DNA repair nay cause prenature aging,
neur odegener ati on and i mrunodefi ci ency.

Vell, another slide very inportant.

Studies carried ut with the DNA m cro-array techni que,
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this is a French publication done by Mercier,
published in 2004, in yeast shows that continuous
irradiation, at a dose rate of 20 mlli G ay per hour,
so lower than the level of irradiation that causes a
detectable or lethal or mnutational biological effect
is enough to change intracellular signaling wthout
nodi fying the genone; to active or inhibit numerous
genes involved in the general netabolismand in

def enses agai nst ionizing radiation.

Such nmechani sm brings into play defenses
at doses of the sane order as those due to natura
irradi ati on which nakes it possible to reduce or
prevent its potentially harnful effects.

So induction of genes is dose and dose
rate dependent. At very low doses, 1 mlliGay, sone
genes involved in DNA repair are not yet induced
However, genes of energy netabolism and oxidative
stress are induced at doses 1000 tines |ower than
t hose needed for the induction of nutations.

For dose, upper 20 mllisievert, some
ot her genes are regul ated and genes regul ated by p53
and you know that 53 is related to the cell cycle.
And sone genes related to p53 are induced linearly
with the radi ati on doses between 20 and 500 milli G ay

and sone other genes involving DNA repair are
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sensitive to dose rates and others are insensitive.

So this is anot her publ i cation
interesting. This is a French publication also. It's
a French publication on | ow doses of gamm
irradiation, 10 mlliGay, withelicit different gene
sets than high doses, 2 Gay, in nornmal human skin
cells. So specific nolecular responses are triggered
in cultured primary keratinocytes fromadult skin at
| ow doses, 10 mlliGay, or at high doses, 2 Gay, of
ganma rays.

Usi ng DNA m croarrays, 10, 500 gene probes,
it is shown that anong 853 nodul ated probes, the
expression of 214 are specifically nodul ated by | ow
dose, so by 10 mlliGay, and 370 genes are
specifically nodul ated by hi gh dose, 2 Gray exposure.

Low dose specific genes, about 140 known
genes, include nostly genes of honeostasis, cel
comuni cati on, signaling, nmenbrane, cytoskel eton, RNA
and protein synthesis, chromatin, energy netabolism
stress, cell death and transport but rarely DNA repair
genes.

Concl usi on, the radi ati on response at | ow
dose is rather specific and quite different fromthat
obt ai ned at hi gh dose.

So anot her concl usion that you can have,
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you cannot extrapol ate from high dose to | ow dose if
you take into account those results.

In the same publication, they found that
nost of | ow dose response genes are nodul ated at | ate
i ncubation tine, 48 and 72 hours, whereas nost of high
dose responsive genes are already nodulated at
relatively early incubation times. So the type of
genes i nduced at the kinetics of induction at | ow dose
of ionizing radiation clearly differ from those
i nduced at the high dose of ionizing radiation.

Anot her publication says that high dose
radiation of 4 Gay, you have an increase of
phosphorylation of proteins involved in the cell,
signal l'ing pathways and apoptosis and that | ow dose
radiation, 2 mlliGay, you have an increased
phosphoryl ati on of proteins involved in nore general
bi ol ogi cal processes as was suggest ed and not specific
genotoxicity-rel ated responses.

Just to summarize this part, DNA damage or
nodi fications of the chromatin are detected by
signaling proteins. The activity of these proteins is
nodul ated by the nunber of |esions and therefore by
the dose, the dose rate and by nessages from
nei ghboring cells.

These proteins activate phosphokinase
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transmitters, in particular the protein encoded by t he
ATM gene and t he ATR gene.

In turn, these transmtters nodul ate the
action of proteins involved either in cell cycle
control, sothe interruption of which pronotes repair,
and DNA repair, or in triggering apoptosis.

To sunmmarize, the dose rate as a mmjor
effect on the cellular response, in general, the
bi ol ogical effects of irradiation, nutagenesis,
chronosone aberration, decreased as the dose
decreases. This may be due to the fact that while the
dose rate is low, the nunber of DNA |esions
simultaneously present in the cell is Ilimted.
Conversely, the high dose rate leads to the
si mul t aneously presence of a | arge nunber of |esions
which interferes with the coordi nated acti on of repair
system and al so i ncreases the probability of even
prone enjoining, due to the presence of several
doubl e-strand breaks in a restricted vol une.

Vell, just to illustrate nmy purpose, you
have activation of several pathways. First you have
an activation of MAP kinases. After activation of
transcription factors like an NFkB. You have
i nduction of <cellular different genes |Iike SOD,

per oxi dase and so on. You have activation of kinase
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ATM ATR whi ch have a role on the p53 with activation

of these effector proteins which have a role on the
cell cycle arrest with a protein of cell cycle control
on the DNA repair. On the DNA repair, proteins like
BR, CR1 or DNAPK or on apoptosis, we saw a role on the
proteins controlling apoptosis.

So exactly the sanme diagramwith al the
genes involved. It's a different step. First step is
DNA danmge. Second step, detector proteins. Third
step, transmtter proteins. And then effector
proteins and finally, biologic effects. And you can
see that the key gene and so is the key proteinis the
ATM ATR protein which are involved in the DNA repair.

Vel |, today with inmunofl uorescence
techni ques, here with gamma-H2AX, it allows to show
i nduction and repair of double-strand breaks. It
all ows to study the biokinetic of the DNArepair. And
you can see that the double-strand break can be
detected in human fi broblasts at one mlliGay and t he
i nduction of double-strand break in DNA increased
linearly with dose of ionizing radiation. but the
repair systemis not |inear.

When t he | arge nunber of cells in the sane
tissue are kill ed or damaged, repair and proliferation

nmechani ss are triggered which are i ntended to protect
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the integrity and functions of the tissue by neans of
intercellular communication systens, direction of a
cell toirradiation, therefore seens to be influenced
by the nunber of cells affected.

Sonme DNA repair systens are activated by
| ow doses of ionizing radiation. DNA repair systens
differ in terns of velocity and efficacy. 1In
particul ar, the repair kinetic of doubl e-strand breaks
and the probability of repair vary with dose and dose
rates. In this publication by Rothkammin PNIS in
2003, Rothkamm didn't observe a reparation and an
exposure at 1.2 mlliGay. So the DNA repair system
are associated with apoptosis that also varies with
dose and dose rate. Thus, the nunber of lesions, in
parti cul ar t hat of doubl e- strand br eaks is
proportional to dose even at very | ow doses, at doses
at a few dozen mlliGay, no damaged cells are found
during the foll ow ng days.

So conclusion, the disappearance of
damaged cells seems to result from the I|ack of
activation of repair systens which | eads to an absence
of repair and to cell death, all fromhigh fidelity
repair by constitutive system \Wen only a few cells
are damaged, this elimnation strategy seens to be

opti mal because repair systens sonetinmes are ever
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prone and can potentially lead to the energency of
pre-cancer routes and subsequently, cancer cells. So
it's better to elimnate than to keep those cells
wi t hout dammage.

Hence, the cell reacts to irradiation by
a gl obal and i ntegrated response t hat i nvol ves sever al
enzyme syst ens whi ch govern the efficacy of DNA repair
and the probability of cell death or elimnating
damaged cells. DNA-induced damage is constant per
unit dose. The probability of nutation is nodul at ed
within a framework on what could be called a strategy
of the | east cost.

At very low dose, 1 mlliGay, cells are
going to die because no DNA signaling and there is no
initiation of DNA repair of double-strand breaks or
ot her conplex lesions. At slightly higher doses, from
5to10mlliGay, DNArepair isinitiated. At medi um
doses, 200 mlliGay, DNA repair starts to be
counteracted by apoptosis and DNA repair can be ever
prone and rmrutagenic which may enhance the risk of
cancer. So again with this, extrapolation from high
dose effects to | ow dose effects do not respond to the
actual reactionof livingcells toionizingradiation.

So at very lowirradiation doses, if afew

ioni zing radiati on damaged cells do not survive and
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are elimnated, tissue functions are not conprom sed.

At hi gher doses, a substantia fraction of
cells is damaged. Tissue functions cannot be anynore
assured except if nost cellular danage is repaired.
And cells are allowed to survive, even if nutated and
fulfil some of their tissue function. This, however,
may also allow genonmic instability, mal i ghant
transformati on and cancer to occur. So this is the
di fference between |ow ionizing radiation doses and
hi gher doses response.

Dose-effect relationship in radiation
biology are affected by nontargeted and del ayed
effects. Adaptive responses, bystander effects, just
an exanple. Mcrodosinetric calculations based on
target size of single cells do not correspond to the
reality of radiation-induced effects.

Genomi ¢ instability. Low dose
hypersensitivity, we sawthat before. Hyperfast early
cell responses and so on.

First adaptive radiation response. The
exi stence of an adaptive response is no well
established. The first |ow dose of radiations |eads
to a reduction in the nortality of organisms in vivo.
But al so, the nunmber of nutations and the rate of

neuroplastic transformation caused by a second
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irradiation carried out during subsequent hours or
days.

Prim ng doses of less than 5 mlIliGay or
greater than 200 mlliGay vyield very little
adaptation. This inducible and transprotective effect
seens to occur also in humans. There is a different
exanpl e, adaptive response on the mcronuclei
production in human fibroblasts after a primng dose
of 1 mlliGay and a 2 Gray chal | engi ng dose has been
observed, but needs to be confirned.

| nducti on of adaptive responses in hunman
| ynphocyt es appears to be quite variable in different
i ndividuals. There is a publication of occupational
exposure of 2.5 mlliGay per year for up to 21 years
resulted in variabl e adapti ve responses i n | ynphocyt es
chal l enged with 2 G ay.

And one hypothesis is that genotoxic
physi cal agents, so solar, UV and ionizing radi ation,
were present when |ife appeared on earth and very
likely at that tinme irradiation as generally nore
i ntense than today. Recent work, as reveal ed, seek
efficacy and multiplicity of different nechanisns
whi ch devel oped during evolution. Many of the systens
are targeted agai nst reactive oxygen speci es produced

by radi ati on.
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So the nol ecul ar nmechani sms of adaptive
responses are not yet well understood, especially for
both primng and challenging doses of 1 to 50
milliGay.

Second nont arget ed ef fect i s the bystander
effect. In nmulti-cellular organisns, in particular
vertebrates, the fate of an irradiated cell depends

upon signals emtted by neighboring cells, gap

junction, bystander effect, contact inhibition
proliferation control nmechani sms by neans  of
cyt oki nes.

Normal <cells appear to be capable of
inhibiting the devel opnent of potentially malignant
clones. Conversely, nonirradi ated cells can becone
cancerous in the vicinity of highly irradiated cells.

Besides an inhibitory effect, such as
contact inhibition, or a stinulation of cell division,
intercellular relationships can also elicit damage in
nei ghboring cells, which have not be irradiated. This
is known as the bystander effect.

The influence of intercellular interaction
on low dose repair radiosensitivity suggests that
there is a link between this phenomenon and the
byst ander effect.

The bystander effects originates from
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potentially genotoxic signals sent to neighboring
cells. Fromsone of themoften cell to cell contacts
are required, but some cell bystander effect are
obt ai ned wi t hout cellul ar contacts.

The byst ander effect may be beneficial or
detrinental depending on the cell type and the range
of doses analyzed. J.B. Little in 2000 showed for
very | ow doses of al pha particles that nore nutation
of the spontaneous type were induced in the very | ow
dose range, whereas there were only very few del eti ons
i nduced. Conversely, another exanple, after exposure
to | owdose x-ray, it leads to the death of cells in
whi ch the repair of DNA danmage is defective.

So it is possible that bystander effects
lay arole belowl to 5 mlliGay where fewcells are
actual |y damaged by irradiation. Are there bystander
effects in vivo and in radi ation therapy? Wat about
abscopal radiation effects? Yes, they nay arise, but
they need to be clearly defined before assuni ng that
byst ander effects affect radiation-induced
car ci nogenesi s.

So this bystander signal has many
consequences for the un-irradiated cells, apoptosis,
i nduction of genetic instability, delayed cell death,

mutations that are in 90 percent of case points
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mutation would suggest that they're induced by

reacti ve oxygen species. So you can imagi ne that the
reaction after exposure to ionizing radiation is not

only the reaction of the cell, but the reaction of the
tissue and that's very inportant to note.

Car nel Mosoci | suggested that t he
byst ander effect coul d induce in the neighboringcells
an adaptive response simlar to that induced by prior
radi ation. This effect on the neighboring
noni rradi ated cell could therefore, depending on the
context have either productive or harnful effects.
They are not proportional to the dose, but on the
contrary, appear to dimnish with increasing doses.

Anot her nontargeted effect is radiation-
i nduced genomic instability. The definition is
ionizing radiation generally changes that becone
apparent in the descendants.

Cenetic instability is influenced by the
p53 ene. It can be reduced by free radical
scavengers. It is apparent at | ow doses and occurs at
a frequency of about 3-9/1000 cells per cell/mlli G ay
after x-ray invol ving.

W observe point nutations, chronpbsom
aberrati ons, tel onere | oss, gi ving rise to

nonreci procal translocations. And it has been
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observed that it is associated wth ionizing
radi ati on-i nduced |eukem a, depending on the nobuse
strain and to DNA repair defects w th DNA- PKCs.

So an excess of Jleukema in A-bonb
survivors appears to correlate with excess of conpl ex
chronmosone aberrations, translocations, and possibly
associated with tel onmere dysfunction, particularly in
patients with Hodgkin's disease. And this process
seens to be saturated at 10 to 30 percent at |ow
doses.

So the i nfl uence of genomic instability on
t he | ow dose-response rel ati onship for carci nogenesi s
is not yet well defined.

Bel akov has published non-targeted effects
of 1ionizing radiation wmy have also positive
consequences. Non-targeted effects of ionizing
radi ation mght be interrelated and possibly have a
protective role under in vivo conditions. These
effects mght relate to adaptive response because of
i ncreased non-targeted differentiation in irradi ated
sanpl es.

Based on these experinental data the
aut hors proposed a theory that the main function of
the non-targeted effects is to decrease the risk of

carcinogenesis in a nulticellular organi smexposed to
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oxi dati ve danmage including radiation induced.
Vel |, dose-response relationships for

radi ati on i nduced nut agenesi s are not precise at very

| ow doses below 20 mlliGay. Gene nutations are
induced Ilinearly or wth a Ilinear quadratic
relati onship dowmn to 200 mlliGay. Linear non-

threshol d responses were observed in nice, except
reverse mutations dowmm to 10 mlliGay. |Induction of
chronosone aberrations, dicentrics in human, is |inear
dowmn to a maximum of 20 mlliGay and for
transl ocati on down to a maxi numof 50 mlliGay. This
adds to the difficulty of extrapolating genotoxic
radi ati on effects down to very | ow doses.

But in fact, the lack of validity of the
LNT relationship for chronosonme aberration at |ow
doses with low rates of radiation is not surprising.
Why? The occurrence of a chronosone aberration is
much i ncreased when there are two or nore DNA doubl e-
strand breaks in the same chronosonme or nei ghboring
chronmosones, making it possible that the rejoining of
the fragnents either does not restore the nolecule to
its initial condition.

So you know that when you are exposed to
a degradation, this is a round of irradiation on the

DNA. So the probability of such error-prone enjoining
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therefore depends on the nunber of br eaks
simultaneously present in a limted volune and
t herefore decreases markedly with dose rates and is
not proportional to dose, but to the square of the
does. So LNT cannot be used to predict chronposone
aberrations for very |ow doses. And a threshold is
conceivable at this |evel.

So below 10 mlliGay the biological
responses are less clear. |In this very |ow dose
range, there is a rmuch nore sensitive interplay of
bi ol ogi cal processes and phenonena than at nedium so
200 m |l liGay, and high doses of less than 1Gray. 1In
ot her words, at very |ow doses, below 10 mlli G ay,
many di fferent biological processes are activated or
nodul ated, whereas at higher doses nmin stream
processes like cell <cycle arrest, DNA repair or
apopt osi s becone predom nant and fully determ ne the
cellular radiation responses.

So we can try to have an abstract at this
part. At high doses gene induced concern naintenance
of genomic integrity. Cellular prograns are directed
to get cells survive, even at the dispense of error-
prone repair, or to die with apoptosis or mtotic
death if the mutation is an inconpatibility between

the nutation of cell and the cell cycle.
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So responses are directed by relatively
few paraneters such as nunber of cells hit in the
i ssue, activation of genes involved in DNA damage,
signaling and repair and/or initiation of cell death
pat hways due to excess of damage.

At low doses, genes inducted concern
general netabolismand broad spectrumresponses. Many
factors and paranmeters can interfere wth the
regul atory network of the overall response. The
responses are very sensitively linked to cellular
reactivity: sensoring and detection of changes in
structure and function of i nport ant cel lul ar
constituents; metabolic states, redox and energetic
st at es; state of differentiation; cel cycle
progression, cellular conmunication.

For risk evaluations, the qualitative and
guantitative i nfluences of these cellular factors and
paranmeters have to be defined. Cenetic and
physi ol ogi cal predisposition of cells and tissues,
state of differentiating, and so on.

A new concept in radiation biology
energed. Cells respond even very |ow radiation
i mpacts. The response to ionizing radiation involves
activation of defense mechanisns, nmaintenance and

deat h pathways. Cells react differentially at high
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and | ow doses or at dose rates of ionizing radiation.

The ionizing radiation response invol ves
activation of signaling pathways and different gene
famlies are activated. At |ow doses and dose rates
a rmultitude of paraneters influence the cellular fate,
whereas at high doses and doses rates cellul ar
responses are nore directly channeled towards
survival , genom ¢ instability and mal i ghant
transformati on or cell death.

So the conclusion of this part, recent
data denonstrate that manmmal ian cells react
differently at different | evel s of dose and dose-rates
of low LET radiation with DNA damage signaling, gene
i nducti on, DNA repair and apoptosis.

Second. These differences in reactivity
are consistent with practical thresholds observed at
very |l ow radi ati on doses, below 20 m|li G ay, but are
i nconsi stent with the LNT hypot hesis. At |ow exposure
| evel s cell s appear to have nore possibilities to cope
with exogenous insults, and ionizing radiation
responses involved a wi de rangi ng netabolic network.
Cells are generally better protected at very | ow t han
at high dose levels. And thus, human risks are likely
to be lower than expected from LNT cal cul ati ons.

Third. Adaptive responses. Radiation
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hypersensitivity by standard effects and genetic
instability preferentially expressed at very |ow
doses, are likely to i nfluence dose- ef f ect
rel ati onshi ps for nmut at i on i nducti on and
car ci nogenesi s of ionizing radiation at | ow doses and
dose-rates, but the nmechanisns involved and their
actual quantitative inpact need to be clarified.

And | ast, nutation and pol ynor phi smi n DNA
damage signaling and repair genes are very inportant
for i ndi vi dual responses, but do not al | ow
extrapol ation to general popul ation responses.

| would like to add a few words on
carcinogenesis. A few years ago when | had present to
nmy students the carcinogenesis process, | showed the
conventional nodel which anal yzes a series of stages.
Modi fication of the genone which confer a selective
advant age on the cell during carcinogenesis. W now
know that this phenonmena cannot be described by a
linear process which successive genone danages
accunul ate at random

Carcinogenicity is a phenonenon that
cannot be reduced to a series of nmutations due to
indefinite stochastic |lesions occurring in the stem
cell. 1Indeed, it affects all aspects of genone

function. The association of genetic and epigenetic
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nmechanismis just an exanple -- just as an exanple,
t hat we know wel | .

So this association of genetic and
epi genetic nmechanismis now well established. The
process leading to the transformati on of the nornal
cell into a tunorous cells is interpreted as a
Dar wi ni an sel ecti on process, determ ned by a seri es of
genetic, epigenetic events, each of which gives the
cell a selective advantage in terms of survival or
proliferation within the tissue to which it bel ongs.
So it's a global response. The cell, the tissue and
the body all have defenses against carcinogenetic
processes and they nust be successively overcone for
car ci nogenesi s to occur.

This interaction, on-going and plays a
crucial roleintissue construction during the renewal
of certain tissue and the repair of damaged tissue.
You need to keep in nmind that contribution of multiple
interaction between the cell hosting a potentially
oncogeni ¢ event and its neighboring cells of the same
type, the extracellular nmetrics are inportant. The
significance of epigenetic mechanism is well no
docunent ed.

So if the cell, tissue and body al have

def enses agai nst carci nogeni ¢ processes and this nust
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be successfully overcone for carcinogenesis to occur,
there are intracellular systens of proliferation
control by suppressor genes and nechani sns invol ving
the death of cells that tend to elimnate or prevent
the proliferation of cells.

At the whol e body | evel, escape fromthe
i mune surveillance responsible fr elimnating
tunmorous cells is based on the selection of cells that
are capable of escaping fromit. And you know somne
exanpl es.

A good exanple is turneric cancer. You
know t hat today, we observe a | arge increase of tunor
t han before, but you knowthat just only a few of them
will continue to increase and we have a |ot of very
smal |l tunors and will stay |ike this without problem
It's exactly the sane exanple wth the prostate
cancer. You know that we have a | arge increase of
prostate cancer in the population and with the aging
process, we have a |l arge increase of prostate cancer,
but for some of them sone nen who have prostate
cancer, but without trouble, will stay in the prostate
wi t hout trouble because there is an imune
surveillance. And for sone of them because there is
an escape for the inmune cells we will have a

proliferation of the cell.
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So nmy intention was to showto you that if
you take into account only the cell response, it's not
enough. W have to have a global view on the
car ci nogeni ¢ process.

So initially, it as thought that the
radi ocar ci nogeneni ¢ process was initiated by specific
genone | esi ons and coul d be consi dered as a stochastic
risk due to a rare event caused by the random
occurrence of the legion inside the target.

Today, this nodel was gradual | y
substituted by that of an include conplex reaction
domnated by intra- and intercellular signaling
nmechanism and largely dependent on oxidative
nmechani sms. They are sensitive to the mcron
devel opnent and to the interaction between initiated
and healthy cells.

Wth regard to t he dose ef f ect
relationship, the main contribution to progress has
come from biological research. The new data revea
the conplexity and efficacy of defense mechani sns
agai nst genot oxi ¢ physi cal and chemi cal agents, at the
| evel of the cell, DNA repair and apoptosis of the
ti ssue, role of neighboring cell and of the wall body
wi th the inmuno-surveillance.

If we have a | ook on the different steps
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of the cell, the tissue and body defenses against
cancerization, first you have intra-cel |l ul ar syst emof
cell proliferation control. You have death of
initiated cell which have escaped to a safeguard
nmechani smli ke a apoptotic response.

You have control for neighbored cell,
secretion by neighbored cell and strona of regul ation
factors, inhibitor of proliferation.

You have bi-standard effect, exchange of
signalization and regul ati on nol ecul es by
intercellular gap junction.

Finally, you have mechanism of inmuno
surveillance. Healthy cells inhibits the devel opnent
of potentially malignant clones.

The cell response therefore seens to
depend on the dose, about ionizing radiation on the
dose, the dose rates, the cell type and on the
concentration of damaged cells.

So if | would like to sunmarize our
approach this nmorning and we can divide in three
different area. At |low dose, this is the area of the
elimnation. W tried to elimnate all the cells
whi ch have sone DNA damage. |s that true for |ow
doses? After we have the beginning of the reparation

and the nore the dose is increased and nore the
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reparationis inportant. And of course, if at the |ow
dose it's easier to repair, nost of the dose is
important, it will be difficult to repair.

At high doses, the proliferation is
i mportant because you | ost too nmuch cell and as far as
the tissue, it's inportant to have a proliferation of
cells and you know that if you need to proliferate
yoursel f, you have a higher risk to devel op a cancer,
so that's why we think that it's not possible to
extrapol ate from high doses to | ow doses.

You know that there is a new | CRP draft.
This slide is not nmy slide. It's fromICRP, from
people from a commttee, from a Japanese man from
committee to advise ICRP and | was very surprised to
read this, so | give you the sane side. He wote that
| CRP is very careful in using LNT, collective dose and
curmul ati ve dose. And you will see in the last draft
of ICRP that NT is to manage risk fromradiation
exposure. And personally | have no trouble with that.
W use this and that's true. And it's easy to manage
the risk in a nuclear power plant with LNT. But not
to assess the risk is different.

So LNT is good for nanaging, not for
assessing the risk. And in the same draft you wll

see that in the case of | owindividual doses with w de
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geographical areas, long tinme scales, the use of
coll ective dose for risk estimation is not reasonable
and shoul d be avoided. That's all.

He wote -- it's not ny slide. FromICRP
point of view, ICRP it's a pragnatic, realistic and
conservative approach and they use NT as a tool, not
truth, supplenented with real data. And BEIR VII,
much nore theoretical, idealistic and radical LNT as
science based mainly on theory. That's why this
Japanese guy takes a sentence fromthe BEIR VII on
page 30, "The Conmittee concludes that the current
scientific evidence is consistent with the hypothesis
that there is a linear, no-threshold dose-response
relationship."

So | would like to give you a few
conclusions. Wiile LNT may be useful for the
adm ni strative organi zati on of radiation protection,
its use for assessing carcinogenic risks induced by
| ow doses, such as those delivered by diagnostic
radi ol ogy or he nuclear industry, is not based on
valid scientific data.

Al'l the data showthe | ower effectiveness
of low doses and dose rates. Moreover, the
guantitative discrepancy between the results of the

vari ous epidem ological and aninal experinmental
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studi es supports the viewthat there are several dose-
effect relationships rather than only one.

Their paranmeters depend on the type of
cancer, the type of ionizing particle, radiation dose,
dose rate, fractionation of irradiation, species,
breeding ine within the sanme species, target tissue,
volune irradiated, age, and individual sensitivity
factors.

Epi dem ol ogi cal and biol ogical data are
conpatible with the existence of a threshold, but
cannot today denonstrate its existence or assess its
val ue, somewhere between 10 and 60 mllisieverts.

The concept f collective dose cannot be
used for evaluating the cancer risk in a population
and that's very inportant to note.

Soif | can in order to prevent radiation
exposure from becom ng unmanageabl e due to | ack of
knowl edge, | think that research and know edge must
come up with the nost effective solution to deal with
risk.

So thank you for your attention and you
will find the French report on the Net wth
ww. academ e- nedi ci ne. fr and ww. academi e-sci ences. fr.

Thank you.

CHAI RVAN RYAN: Dr. Le Guen, thank you
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very nmuch for a very information and thorough
presentation of al the issues.

| may suggest that we take a short let's
say 10-m nute break just to give everybody a chance to
stretch. W've been going for a good al nost two hours
now and then we'll come back and have questions from
the Conmittee and discussion your presentation with
you and we'l|l proceed fromthere. |s everybody okay
with that?

So we'll take 10 m nutes. Please cone
back right at 20 m nutes after 10 o' cl ock. Thank you.

(O f the record.)

CHAl RVAN RYAN: | would like to start with
guestions fromthe Comrittee. And | will start to ny
left. Professor C arke?

MEMBER CLARKE: M ke, | do have a couple
of questions that relate to howthis parallels sonme of
the things that are being done on the chemn cal
carcinogen side. | don't want to distract us too
much. Should | pass and --

CHAI RMVAN RYAN: No. Please go ahead.

MEMBER CLARKE: Ckay. Mchelle, could you
put up -- | think it was slide 72. Ch, |'msorry.
Your dose response curve.

DR. LE GUEN: This one?
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MEMBER CLARKE: Yes, that be fine. And |

would like to frame these questions from the
standpoint of a forner practitioner who followed
procedures for chemical risk assessnent to devel op
information for cleaning up contam nated sites. So
it's alittle far afield fromthis.

DR. LE GUEN. Yes. M intention was not
to have a risk managenent on this, just to give what
was the nobst inportant pathway, what was the nost
important reaction of the cell that we know today
because, see, it's a conpetition between all the --
after exposure. And we think that the nost inportant
pathway at |ow dose is elimnation of <cell and
repairing after 20 mlligray and after -- so ny
intention with this slide was just to summari ze al
t he apparatuses that | try to --

MEMBER CLARKE: | understand, sir. | just
want to use it to frame the question. Let's suppose
t hat what we have to do for purposes of doing the risk
assessment -- and we're going to assune a linear, you
know, a threshold nodel

And, again, |I'masking fromthe chenica
side, not the radi ati on si de based on ny under st andi ng
of howthat is done. So what we are |ooking for to do

this is we are looking for the slope of that |ine at
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very | ow doses.

And so this chart -- let's say we' ve got
-- and let's say it's a result fromanimal testing
data, again, at a very high level, not at the
nol ecul ar | evel at all.

So on the y-axis, we have frequency of
response, say, for tunors and | aboratory animals. And
on the bottom let's say we have dose of benzoate
pyrene, which is a known hunman carcinogen, and our
data are com ng fromhi gh doses, well, say to ani nal s.
And so they're up there with the red dots. And we
want to sonehow extrapol ate that data down to zero,
linear, near zero, so that we can use the slope of
that line to do our risk assessnent.

Now, on the chenical side, when you have
sormething |i ke DDT or benzoate pyrene, what we found
is that the high dose data really doesn't matter which
nodel you use. As you know, there are a nunber of
nodels. And they all tend to pretty nmuch behave the
same way up at the high dose. |Is that your experience
at all with --

DR. LE GUEN: That's true. That's true.

MEMBER CLARKE: Yes. But as you take them
dowmn to |lower and |ower doses, they diverge. They

di verge by orders of nmagnitude, which you showed on
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your slide where you had the linear and you had the
guadratic. And they are, as you know, mnulti-stage in
many ot her nodels for chem cal exposure.

Qur challenge is to pick the right nodel
Now, on the chem cal side, it noves quickly under the
regul atory arena because our Environmental Protection
Agency pi cks that nodel and tells us what sl ope factor
to use.

And | guess ny questions are, if we didn't
have that constraint and we were | ooki ng at the nodel s
and we were trying to pick the best one to get this
sl ope down at very | ow doses, the information you are
generating at the nolecular level is really what we
need, is it not, to differentiate anong those nodel s
or how woul d you do that?

DR LE GUEN. Wat do we need? What is
the --

MEMBER CLARKE: Well, it is, how would you
advi se us to pick those, pick which nodel is the best
nodel to use down at very | ow doses.

DR LE GUEN. M feeling is because we
live on Earth and because we have a | ong experience,
because we are exposed to a | ot of genotoxic stress,
| use the rendition it is not the only stress to the

cell. And due to the evolution of man, if today we
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are here in this room it is because we have a | ong
adaptation of the cell, and so a | ong adaptati on of

t he defense, and that, in fact, for the monent | think
it's difficult to propose only one nother.

And ny feeling is that we know that the
not her will be different fromone exposure to anot her
and that nmy intention this norning was to denonstrate
that it's a mstake to extrapolate from hi gh dose to
| ow dose because | show to you that the reaction of
the cell is conpletely different.

So that's true also that for in sone
publication, in particular with NML data, they forned
a non-basis. But one of the problens today is not to
say if there is or not a non-basis. It is totry to
assess the risk and try to say when the risk becones
negoti abl e because it's not because you can avoid a
fewmlligray so that you are not exposed to natura
radiation. That's a natural background. And that
wasn't the probl emtoday.

That's why | give to you the exanple of
radon. O course, we know that with radon, you have
an increase of cancer at high exposure, but the
probl emis when we need to stop to nanage those ri sks.
And that's a problem

And we don't believe that there is a
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i near approach. And we know that, of course, there
is sone negligible dose. And ny intention was to --
| am not a regulator. | try to give all the
scientific data -- and you are the regulator -- and
try to convince you to have a pragnmatic approach and
to say that | know that DOE has accepted to put sone
noney on the table to say, "Wll, we need to have nore
i nformation on | ow dose exposure.”™ And this is also
nmy feeling that we need to continue on this field.
And it's not because we need to continue that thereis
a real danger, a real problemat |ow dose because if
there was a real risk, it was not possible today to be
here with you.

MEMBER CLARKE: Thank you. | think you
have rai sed a nunmber of points in your presentation
that are very appropriate to the things that we are
westling with on the other side as well. Thank you.

CHAI RVAN RYAN: Ckay. Ruth?

MEMBER VEINER: First of all, thank you
very nmuch for a very excellent presentation. | had
occasion to read both the report and the paper by
Aurango and Turiana earlier. And this was a wonderful
addition to it.

Looking at the slide, we are not

regul ators. W advise the regulators. In our
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regul ations, we are essentially in the United States
sort of forced to set a standard, some kind of a
standard, and say this standard -- and the way sone
laws read, it says this standard protects nost, but
not all, of the popul ation.

Where would you -- | recognize this is a
terrible question. Were would you set such a
standard? Wat woul d be your opinion if you were in
our position of advising a regul ator?

DR LE GUEN. Wwell --

(Laughter.)

MEMBER WEINER Let nme ask it a little
better. Looking at your graph, would you set it
somewhere in the region of 10 to 20 millisieverts?

DR. LE GUEN. Yes, | think, but, you know,
what is thereality? Wat is the real exposure of the
popul ation is not 10 or 20 mllisievert. It's |ower
than this. W are at the |abor of natural background.

It's very difficult to say, "Ch, the risk
is negligible" because it's inpossible to say that you
have a higher risk with just this fewlittle snal
doses; in fact, when you know that the natural
background is nmuch nore inportant than this.

So that is very inportant to keep in mnd

whi ch kind of dose are we talking here. 1Is the dose
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-- because for nme now, if | try to give you sone
exanple, not in the nedical field because that is a
real problem but for nuclear workers and for
popul ation who live in the vicinity of NPP. So those
are so negligible that it's not a real risk.

The problemis to -- | believe because |
ama physician -- | forgot perhaps to nention this --
that today that's why | wanted to showthis slide. W
need to check to optimze in the nedical field the
nunber of chest X-rays on all exam nations that we
have to do.

Particularly | would like to make sone
di fference between adults and chi |l dren because we know
that the people who are sensible to radiation are the
children. | would like to say, "Wll, be careful if
we need a force because there is a balance. If we
need some nedi cal exam nation, it is because there is
a di sease and because we can't -- there are benefits
for the patient, but it's inportant today to avoid to
mul ti ply the nedical exam nation and particularly one
where you have small children.™

For others, it's not a real problem
because we know that the sensibility is not the sane.
And so it's nmuch nore ny approach then to say there is

only one curve and say it's only one approach and for
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all the world population. | try to see which kind of
dose we need to manage and which purpose. Is it in
the nedical field? Is it for the popul ation?

And so that's why the answer is rmuch nore
conplex than just to say, "Wll, take this. And
that's all."

MEMBER VEI NER:  Thank you for that.

| have one nore. You didn't dwell on
cunul ative effects.

DR LE GUEN.  Yes.

MEMBER VEI NER:  And | wonder if you could
say sonething about if what has been observed in
curmul ative effects of lowdose. |If you get a | ow dose
today and another a year from now, do they add?

DR. LE GUEN. That is a key point, of
course. This is a problemof the sensitivity and the
consequences of a chronic | ow dose exposure. W know,
of course, that the accunul ati on of dose is conpletely
different from an acute for the same level for an
acute dose received. And because we have sone
nmechanism we tried to showto you that we have a very
| ow dose or we have the opportunity to repair the
damage or we have the opportunity to elimnate all the
cell exposed to ionizing radiation.

So about a chronic exposure, | showto you
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al so the problem of sonetinmes you have this kind of
guestion of hypersensitivity and what kind i s possible
to propose to this popul ation, which are sensitive to
i oni zing radi ati on.

In fact, this is very inportant to which
ki nd of people, which people are we talking. |Is this
peopl e we have pol ynor phous sensitivity? And we know
that in this case, if there is sensitivity, it's not
at | ow dose but at hi gh dose.

So it would be interesting if there is a
cancer and you want to treat the cancer if you know
that those people are sensitive to radiation to have
a practical approach and if you have the possibility
to have a choice between a chem cal approach or
radi ati on approach to take this because this is a
sensitivity at high dose.

Today we have no probl embecause | showed
to you that we have very | ow dose. For the nonent,
there is no data, no epidem ol ogi cal data, to prove
that there is a consequence of hypersensitivity for a
subgroup of people. And, in fact, it's today, for
exanpl e, for nuclear wrkers and so on.

W have no rule to say to say, "Wll, you
are sensitive. You can't work because you are

sensitive toradiation.” 1t would be not good to say
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t hat because first we don't know. And, noreover, you
say you cannot have a job. And it is not true. So
it's inportant to nake a difference between the
person's sensitivity and the real dose received.

Renenber ny slide today on nuclear
wor kers. Dose received is about 1.6 mllisieverts on
average, so a very low dose. And so that is very
close to the natural background. |It's inpossible to
say that this dose of 1.6 mllisieverts you will have
hi gher risk than with the same dose due to natura
backgr ound.

MEMBER VEI NER:  Thank you.

CHAI RMAN RYAN:  Professor H nze? Bill?

MEMBER HI NZE: Well, | want to thank you
for your presentation. | amtrying to put sone of
this into ny owm framework of know edge. The cel
response is simlar to what we mght call a seisnic
response. And one of the things that is very
important to us in seismc response is the duration of
the seism c vibrations.

And when | look at vyour list of the
factors that are controlling the cell type, the dose,
t he dose rate the cell type, and the concentration, as
you have listed there, duration, is that part and

parcel of this?
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DR. LE GUEN: Dur ati on of what?

MEMBER HI NZE: Duration of the dose, the
duration of --

DR LE GUEN: So dose rates?

MEMBER HINZE: In other words, is this
part of the aging process?

CHAI RMVAN RYAN: The exposure tine.

MEMBER HI NZE: Exposure time duration. |Is
that part of the cell --

DR. LE GUEN. We think in some
publications, yes, of course, it is one paraneter.

MEMBER HI NZE: And so it is part of the
cell response, --

DR. LE GUEN. Ch, yes, sure.

MEMBER HI NZE: -- the length of tinme, the
duration?

DR. LE GUEN. You're right. There is a
slide. And this is a French publication when we have
served -- oh, that is a good question because when you
nmake sone science, you say, "Wll, | have sone cell.
| would Iike to have a kinetic of the answer, of the
cell.” And you say, "Well, | would |ike to see the
answer after ten mnutes after exposure.” And you
observe sonet hi ng.

But if the kineticis conpletely different
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and is related to the dose received, you can say,

"Well, there is no trouble. There is no response.”

But it's no because you have no response because the

response was later. You have not an earlier response.
| s that exactly perhaps what you nean?

MEMBER HI NZE: Part of it, right.

DR. LE GUEN. Yes. And the response of
the cell can be conpletely different fromthe type of
cell. O course. But so of the dose received, that's
true today. W know that in the case of | ow dose
exposure, the response was not -- it would be not an
earlier response but a later response, after one or
two days and because it's not the sane gene and so on.
So that's true.

MEMBER HI NZE: Let me ask you a question
that perhaps isn't fair, but LNT has been with us for
a long tine.

DR LE GUEN.  Yes.

MEMBER HI NZE: What do you think is the
strongest evidence for LNT? And why do people still
use the linear no threshold in the face of the
accurrul ati ng evi dence from bi ol ogi cal research?

DR, LE GUEN. Well, you know, personally
| have no problemw th LNT because when | say in ny

proposal if we need to manage people, it's an easy
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line. W can do it. The problemis all the --
perhaps did you see the publication about Chernobyl
and the consequences in Europe after Chernobyl ?

MEMBER HI NZE:  Yes.

DR. LE GUEN. Wen you use the LNT
approach and you say, "W can calculate nunber of
deaths in the next future because we take the cases”
and you know that perhaps is not true and to say you
can say to the popul ation, "Look, due to this dose, we
wi || have an increase of the cancer."

And | say, "Well, okay. W can. | have
no problem"” And in France, we have RTDF, for
exanple. W have no problemto use LNT, but we have
a problemif we use this hypothesis and to say this is
true and we can access the risk with it. And that's
not true. |Is that not fair and that not true?

MEMBER HI NZE: What | have | earned from
your presentation and your publications is that we
must be very concerned about using population
statistics. And this is for a variety of reasons.

It is much better for us to use the
results of the biological studies of the cell DNA and
so forth. However, | think there is a certain confort
to the population at whole to rely on population

statistics.
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I|'"'m wondering if the know edge of the
nmechani sms going on in the cell and the related tissue
will bring us to the point where we can design a
popul ati on survey that will show the kinds of effects
that you have tal ked about at these | ower |evels.

| s that possible? |Is that possible now or
is that something in the future?

DR. LE GUEN. Wy not? Wy not?

MEMBER HI NZE: Wbul d you design --

DR. LE GUEN. In France today, it --

MEMBER HI NZE: How woul d you design a
popul ati on survey?

DR LE GUEN. For ne, you know, the
precedent showed this with a nonitoring, a long-term
nmoni tori ng, after Hiroshi ma- Nagasaki exposure. |In one
of the last publications on this cause, it
denonstrates that, of course, if you take the world
popul ations, it's not good to assess the ri sk because
we know that if you are young when you were exposed,
the risk is higher than if you are an adult.

So there is a difference between -- it's
i nportant to take not one group but a different group
if you are a wonan than if you are a man, for exanple,
wi th breast cancer that you know that since the | ast

| CRP publication, not the last but the last draft,
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t hey proposed after Hi roshi na and Nagasaki nonitoring
to increase the Ws or higher sensibility of the
breast tissue because they observed that thereis a --
so, of course, it's inportant to and someti mes not so
easy to have different groups.

And what is the definition of radiation
protection? To protect the nost sensitive people. So
if you can protect the npbst sensitive people, we
protect everybody. And for the population, | think
that's inportant to protect.

And, in fact, if you have a | ook on the

regul ati on, when we tal k about one mllisievert? Wat
is one mllisievert? It's not alot. And with one
mllisievert, we protect all of the popul ation.

MEMBER HI NZE: Thank you very much

CHAI RVAN RYAN: Thank you, Bill

Al en?

DR. LE GUEN. The question is up. And, of
course, that is inmportant to continue to work on this
field and to answer all the paraneters that we don't
have today.

MEMBER HI NZE: You know, | was trying to
put your tal k, your excellent talk, into ny franmework.
And one of the things we do is we | earn nore about the

process, --
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DR LE GUEN: Yes, yes.

MEMBER H NZE: -- the science behind them
And then we can design better experinents. And that,
it seens to ne, is what we can do in this field as
wel | .

DR. LE GUEN: And to imagine that ionizing
radiation is not the only stress for the cell.

MEMBER HI NZE: Yes. W have to --

DR LE GUEN. It's because we have defense
nmechani sm agai nst the stress for the cell. And the
answer to ionizing radiation is an exanple of the
answer for the cell, but the cell is nuch answer for
t he genotoxic due to the food, due to the chem cal.
W tal k about the chem cal product and so on. And, of
course, it's because we have not different mechani sns.
W have only one but directly related to the dose.

MEMBER HI NZE: Thank you.

CHAI RVAN RYAN: Al | en?

VI CE CHAI RVAN CROFF: | amgoing to try to
ask an intelligent question here. Thank you for a
conpr ehensi ve descri ption of the sci ence and radi ati on
bi ol ogy here. | will admt it's not ny field either.

Noting that we are advisers to regul ators
and the area in which we regulate is doses, you know,

whet her an individual gets perhaps 200 mllisieverts

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

77

inalifetime or 210 or something like this. W're
dealing in the 200 to 300 range.

G ven that that that's the dose, area of
dose, in which we have to regulate, we're stuck with
t hat natural background is | guess what |'m sayi ng.

What is the inplication of your science or
what is the science you have described telling us
about the dose-response curve in that area?

DR LE GUEN In fact, it is the sane
guestion that Ruth said before about the chronic
exposure and at the end you have -- is this what you
mean?

VI CE CHAI RMAN CROFF:  Well, | am assuni ng
t he exposure is chronic, that it comes in --

DR. LE GUEN: Yes. And that's life.

VI CE CHAI RVMAN CROFF:  That's life. | want
to be clear of what the science you have described is
trying totell us. Is it trying totell us that it is
l[inear in that reginme or does it not support that?

DR. LE GUEN: It is difficult to answer.
You know, you renenber what | said before? 1It's not
the cell reaction which is inportant. This is the
outconme of the cell. And if at |ow dose, a chronic
| ow dose, you can all repair or you can elimnate the

cell, there will be no consequence for new exposure
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because there is no cell.

The probl emi s when you need to accunul at e
nmut ati on and the operation is -- is it possible that
due to chroni c exposure and all al ong your life and we
can accumul ate nmutation? No, it's not this because
this is exactly the aging process why we observe an
i ncrease of cancer due to the age. |It's because tine
with along tine at the end. W know that the immne
surveillance is not the same way we are ordered when
We are young.

So the difficulty is to say, "Wll, we
know that at |ow dose, we think there is no real
consequence because we can manage this dose" and at
which level it will be difficult for the cell because
we have perhaps no problemthe first time, but due to
a long-termexposure, we will accumul ate nutati on and
S0 on.

And we t hink that today because for nme 20
or 50 millisieverts at this level is quite the sane
dose, not for the regul ati on because we know that in
Europe, we adopt 20 millisieverts. |'mtalking about
t he consequence of the exposure.

If we respect, for exanple, for nuclear
wor kers, there i s no probl embecause we are at a very

| ow dose. But the difficulty today is to give a
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nunber. And | cannot give this.

| understand that it will be so easy to
say, "Well, belowthis nunber is no problem"™ And, in
fact, it's not so easy to say. So that's why | have
sonme difficulties to answer to your question.

| know that, in fact, if we have a real
dose exposure, it's because we know al so what is the
nat ural background. | give you the exanple of the
KALA and the RIA where the natural background is so
hi gh. And because we know that, we did not observe an

excess of cancer.

W can say, "Wll, if we have a | ook on
this publication, we can say, 'WlIl, there is no
risk.'™ But it's only one exposure, one exanple. And

so because | am a physician and because | am
scientific, | say, "WlIl, that's a good question."
But it seens to be, but | have not the proof, the real
proof. And it's difficult to answer this.

But if we respect the levels, the real
| evels, the low | evels, that we have today, it seens
to be -- so there is no real risk. And we don't
observe. There is no excess.

VI CE CHAI RVAN CROFF: Ckay. Thank you.

CHAI RMAN RYAN: | amtrying to think of a

few summary nessages that we can take away fromthis
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nor ni ng' s di scussi on.

DR LE GUEN.  Yes.

CHAI RVAN RYAN: And | take Professor
Hinze's comments. He has really explored sone of
t hese variables by a seismc anal ogy, which | think
are really hel pful. Thank you very nuch

It strikes ne, too -- and a thought
entered ny mnd when Dr. Winer was asking her
guestion and Dr. Clarke as well. The one aspect of
radi ati on protection that mght be alittle different
is that we have this overriding principle of ALARA in
the U S --

DR LE GUEN: Yes, yes.

CHAI RMVAN RYAN: -- and optim zation in the

| CRP franmeworKk.

DR. LE GUEN. That's a good approach

CHAI RVAN RYAN: So what ever number we
arrive at, we are never satisfied with the nunber.
And we always seek through a very fornmal process to
further reduce exposure.

| think the French experience --

DR LE GUEN: Yes, yes.

CHAI RMAN RYAN. -- in power plants is
clear. It's been com ng down. The U.S. experience

when we plot the sanme curve is exactly the same kind
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of trend where annual doses are in the two rad --
sorry for ny translation to our units.

DR. LE GUEN. No, no, no. That's why I
wanted to conpare this approach on the nedical field
and to say, "Wll, we need to have exactly the sane
approach, try to minimze as we can performit in the
nucl ear field." That's true.

CHAI RMVAN RYAN. So, all of that being
said, | think one of the inportant nmessages that we
should take away is that if you use LNT for a
policy-setting approach to setting a standard for
workers or for any other situation, that is not
unr easonabl e to do.

DR LE GUEN. No.

CHAI RVAN RYAN: But for me, the inportant
conclusion is | renenber when | first took radiation
bi ol ogy, we talked about rmulti-hit, nmulti-target,
single-hit, single-target, and very geonetri c ki nds of
views of radiation interaction with matter, al nost
relying just on physics and energy deposition. Vol une
of DNA was inportant, rather than the structure of
DNA, and so on.

It's a much nor e conpl i cat ed,
mul ti di mensi onal probl em

DR. LE GUEN: Yes.
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CHAl RMAN RYAN: There's the kinetics that

Prof essor Hinze alluded to of dose, dose rate, dose
duration. There's the physics. There's |inear energy
transfer, high LET al pha particles, |ow LET, and
something in between with neutrons, protons, and the
rest.

Now there's this very conplicated
bi ol ogi cal dinension of responses at nolecular,
cellular tissue, organ, and organism |levels, al
slightly different and conpli cat ed.

And | think when you try and i ntegrate all
of that into one view, it is challenging at this point
intime. And | take this fromyour presentation, al
the different dinensions, to say we understand the
human bi ol ogy of how to deal with | ow dose exposure.

But, that being said, |I think all of the
advances that you have reported and all of the key
studi es you have reviewed with us today are novi ng us
al ong.

So, to ne, | always separate the policy
aspects of using LNT from the radiation biology and
ongoi ng know edge i nprovenent that is ongoing in that
ar ea.

DR LE GUEN.  Yes.

CHAI RMAN RYAN: | think that is very
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i mportant.

DR LE GUEN: Yes, yes.

CHAI RVAN RYAN. Oten | hear people quote
a radi ati on bi ol ogy paper and say, "Oh, that nmeans our
policy should be" --

DR LE GUEN: That's a scientist free.

CHAI RVAN RYAN: So | take away t hat
nessage t hat we nust be very careful not to use policy
argunents to argue science or science argunents to
argue policy necessarily. Somewhere they have got to
come together, but we have got to be careful to do
that fairly. And | think you have given us a fair
presentation of those issues.

Am | summarizing, Bill?

DR LE GUEN. | fully agree with that.
One of the problens that we have today is the
perception, the feeling of the population. Wen you
give a nunber, the problemis that, oh, if thereis a
risk, if there is a nunber, if there is a risk bel ow
this nunber, and there is the difficulty to make a
di ff erence between nanaged ri sk and assessed ri sk and
the perception of difficulty exists to say, "If we
manage" because we know we have this know edge today
and we give sone -- the regulators say, "Wll, one

mllisievert for the popul ation" and so on because we
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try to manage the risk. And that is good.

You have seen a decrease. It's because we
have decreased the dose for nuclear workers and
because we have adopted an ALARA approach because we
have t oday t hese ki nds of exposures, the |l evel of this
exposur e.

| think one of the problens that we have
today is to have the difficulties to explain to the
popul ation that it's not because we give a nunber.
It's because of the nunbers that you are at a real
ri sk of concern because the regulationis to avoid, to
have the upper limt, where thereis areal risk. And

this is inportant to explain to the population that's

conpletely different. | don't knowif it is somewhat
CHAI RMAN RYAN: | think we are on the sane
track, you know, thinking it's really -- | like the

short way you said it: to either assess the risk or
manage the risk

DR LE GUEN.  Yes.

CHAI RVAN RYAN:  That is the essence of the
di fference, yes.

DR. LE GUEN. That's why the French report
tried to give this argunent to say, "Wll, we can know

where is the upper limt." | presented to you the
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epi deni ol ogi cal studi es.

And where we know that there is a rea
risk after is just, "Ch, we can deal with the risk."
And we don't know. It seens that there is no real
risk at very | ow dose. But we need to manage this.

And it's not because we nmanage that there
is areal risk at this level. That's exactly what |
wanted to show to you this norning.

CHAI RVAN RYAN: And you did that quite
well and quite thoroughly, | mght add. It was a
wonder ful sessi on.

Are there any other staff questions
briefly? W have another presentation. Start with
Latif and then Bobby.

DR HAMDAN  Yes. Latif Handan, ACNW
staff.

The questionis, if LNT is good enough for
dose nanagenent and regul ations and we know enough
that one mllisievert is protective --

DR LE GUEN: No. |It's not a question of
protection. It's a question of, of course, it is
enough to protect. But one or two or five
mllisieverts for ne is exactly the sane dose.

DR. HAVDAN. But the questionis, if we

know al |l of that, why is there so nuch buzz about 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

86

low and very |ow dose radiation research and work
going on? And are any of the health physicists who
are doing it for the reasons that Dr. Ryan nenti oned,
you know, to study the nechanisns of the cell, et
cetera, et cetera, not perhaps encouragi ng or creating
a situation where they are confusing everybody?

DR. LE GUEN. Well, | think I have a few
argunments on this. But | think one of the nost
i nportant argunents is kinetic risk. Wy would you
like to ensure considerabl e expense in order to limt
such exposure when you know that there is no risk?

And | prefer today because we have as
problem for exanple, | appreciate what was the role
of the governnent about typical consunption in the
United States. But because that was a real risk and
it was very inportant to say, "Ckay. John Wayne, it
was a long tine before. And today we know that there
is areal risk of lung cancer” to put noney and to
say, "Well, we need to have a good politic on this
field because we will have a real result.

The problemis that one nonment when you
have no risk, you can continue to decrease. But you
do spend noney for nothing. And that's why.

DR. HAMDAN. But it's not just noney.

DR LE GUEN. Ch, no, no. | say | have
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two argunents. That's just one.

DR. HAMDAN:. So, you see, the point | am
making is yes, there is roomto do research in health
physics and do it on the cell and the nmechani cs of the
background radi ation, radiation on health. There is
room for that to be sure. But does it belong in
regul ations? Does it belong in risk managenent? Does
it belong in adm nistering of a regul atory agency, if
you |ike?

CHAI RVAN RYAN: If | may, let nme tell you
the health physicists' view | think it is inportant
to recogni ze that the fundanmental studies in cellular
r adi obi ol ogy have nmuch nore far-reaching effects than
telling something to do with radiation protection
standards. W are actually learning a | ot about
fundanment al behavior of the cells and its many parts
and pi eces.

It mght reveal mechanisnms of cellular
damage that lead to better understanding of
carci nogenesi s and, therefore, cancer cures. That's
possible. That's a big, huge goal.

Sol thinkit'salittle short-sighted to
cut it off as only having to deal with radiation
protection standards. Those studies are nmuch broader

than that, although they are founded i n understandi ng
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| ow- dose effects

But t he radi ati on bi ol ogy goes wel | beyond
radiation protection. | think that's a fair
statenent. So | wouldn't narrow it so nmuch. So |
think there is broader value there, Latif. That's ny
own Vi ew.

DR. HAMDAN:. Thank you, M ke.

CHAI RVAN RYAN. Ckay. Boby, you had a
guestion?

DR ABU-EID: Well, first of all, |I would
like to thank you for the outstandi ng presentation.
It's one of the fewpresentations |'ve ever heard t hat
were so detail ed and based on science.

DR. LE GUEN. Thank you

DR ABU-EID: Also | would like to thank
ACNW T or hosting such an outstandi ng speaker fromthe
international community to hear the other point of
Vi ew.

| have two coments and two questions if
you don't m nd.

CHAI RVAN RYAN: Pl ease.

DR ABU-EID: First of all, I would Iike
to remind you that the | ow dose as foll ows as one of
their definitions, actually, whichis the | ow dose is

defined as this, then, .1 mlligray per mnute over

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

89

nonths or a lifetime. And we see here the duration
period. It was not elaborated on. So | wish this to
be taken into consideration.

O her coment. | wonder, actually -- you
canme to two different conclusions, you in your report
and BEIR VII. And assuming that the sane data were
used and the public and the scientific conmunity, they
wonder what are the differences, what are the bases,
what are the statistical variations that you made
certain conclusions and BIER VII, they canme to a
di fferent conclusion. And that is really the issue we
are trying to find.

The second question | would Iike to raise
--and | wuld like to be brief -- is nunbers. |
understand you declined to say nunbers. However, |
would |like to hear your views about certain nunbers
established by ICRP in terms of risk.

The ICRP in their |atest recomrendati on,
t hey recomended to use 10 microsievert as a boundary
bet ween significant risk and insignificant risk.

DR. LE GUEN. Yes, yes. | know.

DR. ABU-EID:. Hearing your |ecture, |
woul d |i ke to hear now at | east -- I'mnot | ooking for
a nunber. | understand.

DR LE GUEN: Yes, yes, yes.
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You decline to give nunbers.
| know t hat.

But | would |like to hear

Yes. | know.

-- as a person who has been

involved in this area about this nunber.

DR LE GUEN:

W were altogether in Prague

two weeks ago. And, in fact, it was one of the

guestions asked because of what is 10 microsieverts?

Not hing. And it's nothing. And you know, of course,

of the exanpl e how many Pari s- New York, we would fly.

You coul d have very easily 10 m crosieverts.

So, in fact,

approach and because it

| don't agree with this

confused al so the experts.

You renmenber when | said before about the feeling on

how because we are talki

ng about 10 microsieverts?

It's because you have 12 microsieverts the risk wll

be higher. No. That's wong. That's a m stake.

CHAI RVAN RYAN: And | think, Boby, if I

may add to your comrent,

| think it's an excell ent

focal point, excellent focal point.

DR LE GUEN

Oh, vyes.

CHAI RMVAN RYAN: And it really shows the

flawin extrapolating a ri sk managenent strategy to a
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risk assessnent strategy. So they took a risk
managemnment strategy and tried to extrapolate it to a
risk assessnent strategy. And that's where the

m st akes are nmade.

DR, LE GUEN. Exactly.

CHAI RVAN RYAN: Fair enough.

DR. LE GUEN. Are you able to neasure 10
m crosi everts?

(Laughter.)

DR. LE GUEN. Wat was our question,
pl ease?

DR ABU-EID: W would like to know to the
first question, which is the public arrays about the
concl usion that you made versus BIER VII and both of
you respected organizations. So what are the
differences in the data that you used such that you
cone to different concl usions?

DR LE GUEN: Well, in a few mnutes, it
is difficult to answer, but | can say -- do you
remenber during ny introduction, | said, "Wll, be
careful. It's not the reaction of the cell. It's not
the answer of the cell after exposure that is
involved. This is outcone of the cell."

One of the problenms today is that if you

have a look at different publications, they say,
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"Well, we observe this. W have this data. But it
wasn't the problem W have not the opportunity to
have the gl obal answer of the body."

And one of the differences with the Bl ER
VIl is that we say, "Wll, don't look only at the

ionizing radiation problem but |ook all about the

cancer."” And that's why |I say, "Wll, we know we have

a |lot of exanples about the answer, the nei ghboring
cells, the i mune surveillance, and so on."

And it's not because you have only a | ook
on sone cel I s and you observe sonet hi ng t hat you can't
extrapol ate easily to the body because there are ot her
factors. And perhaps it's one of -- it's not because
we have the same publication that we have sonetines a
different view because in our group, we are all
physi cians. And we cone fromdifferent sectors. And
we have an experience on carcinogenicity.

Before, when | was at the hospital, | was
an oncol ogi st in radiotherapy. And because | have
al so the experience to have the opportunity to take
all of this experience and to say, "Wll, be careful
when we have sone results. GCkay? This is what we
observe, but what will be the consequences for the
body is sonetinmes different.”" And we have to take

into account all of the paraneters.

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

93

Thank you.

CHAI RVAN RYAN:. Thank you, Boby.

W have anot her request for tinme frombDr.
Theodore Rockwell to nmake sonme coments to the
Commttee and to present us with sonme i nfornmati on t hat
we have in witten form So, again, Dr. Le Guen,

t hank you so very nmuch for your presentation and your
i nteresting discussion.

Dr. Rockwell, I amgoing to ask that you
goup to the front and take that sane seat and present
your materials to us.

(Wher eupon, the foregoing matter went off

the record briefly.)

DR. ROCKWELL: | did put some nateria
both electronically in here so that it wll be
avai l able on the record and there are copies on the
back table there.

The main thing that | was concerned about
this nmorning is that, in addition to the subject that
was covered, there is a great deal of information
avai | abl e on the hornesis, on the beneficial effects.
And if you look at, for instance, NCRP-136, right up
on page 6, it says, "It is inmportant to note that nost
popul ati ons exposed to radiation are not harned

t hereby, |owdose radiation. And, in fact, nost
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popul ations are benefitted.” And that's really
i mportant to note.

And so | have put sonme of that literature
with sone links to others because that is really
important. The statenment was made that it woul d take
huge popul ati ons t o denonstr at e epi dem ol ogi cal | y t hat
there is norisk at alowlevel. But that prenmise is
made on the prem se that |ow dose radiation follows
the LNT. |If it doesn't, if there is a hornetic
effect, then, of course, those limtations don't
apply.

And the literature shows, in fact, that,
as he says, in each case, whether you're tal ki ng about
the observers of bonb tests or the survivors of
Hi roshi ma or nucl ear workers or high natural radiation
peopl e, any of those things showthis hornetic effect.
The raw data al nost al ways says that.

And t hen peopl e scranble around to try to
denonstrate that, well, there are these conplicating
factors and, therefore, it may not be true.

| think the real problemcones up in
treating nuclear radiation as sonething apart from
everything else. And that was a point that was so
wel | brought out this nmorning. The body is subject to

all kinds of attacks. And radiation is one of the
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| east of its problens.

W have got this situation. | think Avin
Weinberg started it with this idea that nuclear
technol ogy i s a Fausti an bargain. W have a wonderf ul
gift, but there is the devil to pay.

And so we get into a situation where we
say, "Well, we may not be absolutely sure that there
is no risk at low levels. So what is the harmin
assumng that there is a risk?"

And that is exactly the way it is
expressed in a nunber of these docunments. ICRP is
particularly strong on making the statenment. Wat is
the harm in being cautious? And the fact of the
matter is that there is great harmin it. There is
great harmin it, not only the waste of noney, which,
of course, reflects in other ways. But we have
situations in which our nucl ear power plants are being
rewarded financially and in their ratings fromthe NRC
as to how good a plant operation they are running by
reducing their collective dose.

So you have a situation that there is
t remendous personal pressure on individuals to reduce
t he col |l ective dose at a nucl ear power plant. And you
say, "lsn't that grand?" no, it is not grand. It is

very easy to reduce the collective dose. |f nobody
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goes into where the radiation is, the collective dose
will be kept closed, will be kept |ow.

But if you want to knowis the thoric acid
eating through the reactor head or is some instrunment
acting up, you want to send people in periodically
where the inportant safety equiprment is to see that
it's all right. And if you have your managenent
pressuri zing you to not do that because you will raise
your coll ective dose and, therefore, they will go from
bei ng a nunber one plant in the NRC scale to being a
nunber two or a nunber three, that is working agai nst
safety. It is actually harnful to do that.

And so | think that the point that was
made so well this norning that radiation is only one
of the things that the body is undergoing and that if
we take that one variable and treat it as if it
overrode all others, we do great harmin safety and we
do great harmin the public's mnd as well. And so |
just want to enphasize that point.

| would urge any of you who want to get
further into this to look at some of the reports
W're very enphatic about the new research that's
going on and the new findings and the wonderful
t echni ques that nol ecul ar bi ol ogy has fought, but if

you | ook at one of the reports that | put into the
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record, there's one witten by Ji mMickerheide, who is
here, the foundi ng president of Radiation Sci ence and
Heal t h, canme down to Boston for this nmeeting. He has
a report in there that | put in the record that says
there never was a tine when it was not known that
| ow-dose radiation is not harnful. And the first
report that he cites is 1915. And so this is not a
new i dea.

Wen they first started, when X-ray
machi nes were first a newtoy to use in research, it
was only nonths later that tests were being nmade on
using this to work on low1level infection. And right
in that report back 100 years ago, they knew that the
radi ati on dose that they were giving with these crude
X-ray machi nes was not sufficiently high to endanger
t he bacteria, that what nust be happening is that this
| ow-dose radiation nust be stimulating the body's
defenses. They knew that back 100 years ago. And |
think it's inportant for us to recogni ze that.

So the | ast point that | want to make t hat
is in connection with, gee, we're regul ators and what
we want is a nunber, | think that the actual threshold
if we say, "This is now the threshold and up here is

danger ous and bel ow here is safe,” that's not going to

be the answer. That's not the inportant thing.
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W tried this with a belowregulatory
concern in this country. And it was shot down and
think for valid reasons because what this says,
really, if you back off a step fromit, from the
science of it, it says that there is still a danger.
One ganma ray can kill you. There is still a danger,
but it's too expensive to protect you fromit. So
we're going to tell you you should not be concerned.

That is the way it reads out. And | think
that is not an unnatural reaction for people to have
that situation. And if we're tal king about a risk
that is so small as to be negligible and if it's |less
than other risks that we normally accept, like flying
to Paris -- |1 don't know anyone who would not fly to
Paris to avoid the radiation. And, yet, that's the
poi nt .

Dr. \allender, who is the forner head of
t he Swedi sh Radi obi ol ogy Soci ety and a nmenber of
UNSKI R, took the exanple of being in a presence of a
room full of risk evaluators. And the fell ow says
sort of jokingly, "Is it safe for ne to stand up, get
out of this chair?"

And the regulators all |aughed and said,
“Of course."

But t he nucl ear regul ator says, "Ch, no.
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He says, "I can't assure you that that is safe, that
you may have a very weak heart, and that that m ght be
the very thing that would trigger you off. | cannot
assure you that that is safe to get up out of that
chair."”

| think that is the position, the m ndset
that a |ot of our people have gotten to by putting
radi ati on on a pedestal of being a hazard that is so
much worse than any ot her.

So | think that we have to get to the
poi nt where we say -- and | think the hornetic studies

denonstrate this, take us all the way back to page 6

of NCRP-136 -- that npbst popul ations exposed to
| ow-dose radi ati on are not har ned. In fact, nost are
benefitted.

That says to nme that at the | ow dose
level, there is no hazard. And there is a great
di fference between saying there is no hazard in a
practical sense, there is no hazard, versus saying,
yes, there is a hazard at any level. There is no such
thing as a safe | evel of radiation. But you shouldn't
worry about it, and we're not going to regulate it.
| think that is just an untenable position. | don't
think it's a responsi ble position.

Thank you very much
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CHAI RMVAN RYAN: Thank you, Dr. Rockwell.

Any other comments or folks who want to
make any observations? Just tell us who you are and
who you are wth.

DR. KOCHER M/ nane is David Kocher from
SENES Oak Ridge. | guess | should reveal I'ma
consultant to the ACNW but | amnot standing up here
in that capacity right now

| wanted to ask you about the Oxford
survey on chil dhood cancer. | know this was di scussed
in your report. And you did not talk about it this
norning. It does seemto indicate that there is an
observed effect that doses may be ten tines | ower than
where you set your cutoff.

And what this mght dois it doesn't
necessarily negate your argunment about there's a
regi on where problens are elimnated and there is
basically no risk, but it just mght I|ower the
boundary at which that elimnation region takes hol d.

And so ny basic question is if you would
di scuss very briefly the view of your Commttee about
the Oxford survey on chil dhood cancer?

DR LE GUEN: Well, in Oxford, there is,
in fact, only one publication when it says that there

is arisk at 10 mlligray for a fetus. This is what
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you nean?

And, in fact, | would say, well, fromny
poi nt of view because | am a physician, of course,
would like to protect first the fetus and so the
pregnant wonan.

For, exanple, in France in the nuclear
energy field, when there is a pregnant wonman, she
cannot work anynmore. So this is | think a practical
appr oach.

After concerning the real risk of 10
mlligray, we say, "Well, in fact, there are all of
the publications. And they don't have the sane | evel
of risk."™ But anynore if there is a risk, we need to
have all the publications to denponstrate this.

| don't say that is not true. | don't say
that is true. | say, well, why not? But please give
nme all that are given because only one publication --
and there is some controversial approach on this. |
need nore explanation. So it's not my point of view
It is because there is only one.

So do you understand what | nmean? So from

a scientific approach, | say | need other data to
prove this real risk at 10 mlligray. But fromny
position as a physician, | say, well, it is not a

probl em Because | ama physician, ny first step is
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| want to protect the pregnant woman. | want to
protect the fetus. So |I nust avoid the fetus from
exposure, from external exposure, and so on and
particularly in the case of exposure due to her job.

So there is a balance, | think, a
pragmati st's approach and reality. And the reality,
there is one study. W need nore data. But why not?

DR. KOCHER: Thank you.

CHAl RMAN RYAN: Yes? |'msorry? Yes,
pl ease.

DR MJCKERHEIDE: H . | amJim
Miucker hei de, President of Radi ati on Sci ence and Heal th
and Massachusetts state nucl ear engi neer. | organized
the sessions starting in '94 up to 2001 at ANS with
dozens of papers and about two or three dozen sessions
over those six years.

| wanted to just nmke a couple of
observations. One was that in this discussion, the
prem se that radiationis damaging is true if you | ook
at it interns of hitting cells with radiation. And
a lot of the references are to cell studies.

So the cell studies tend to al ways show an
i ncrenental damage. They do get repair, but they're
not really the repair of a whole organism |In whole

organi sm studi es, you al nost al ways get at | ow doses
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pretty conplete repair. You're going to get very
error-free repair at that |evel and stimulate other
enzymes and nechani sns, especially inmune nechani snms
that I think that are understated here except in the
whol e body sense.

Those aspects are really critical,
think. Plenel in France for 20 years or so in his
group did a | ot of work where the exposure was reduced
from natural background and always saw detrinmental
effects from reducing radiation from natural
backgr ound.

In general, | think treating radiation as
a danmge agent that the body or the cells or even the
original formation of life had to overcone is a
m sperception, that thereis, in fact, not so nmuch an
i ssue of having to protect the cell fromradiation but
that radiation is part of what nakes the cel
function.

There was a statenent in this neeting or
in an ACNWneeting that was a joint Conmittee neeting
in March of '96 where Charlie WIson cane in and sai d,
"Well, | cane about this hornesis idea fairly |ate.
In 1958, | was down at Oak Ridge," he said, "at the
lab. And we were doing experinments where potassium

had been t aken out of, potassi um 40 had been t aken out
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of , potassium And the potassiumwas used as a source
for cells. The cells |ooked okay, but they didn't
function.

And so t hi s whol e process, including ot her
st udi es where potassi um had been renoved, Don Luckey
did that at Argonne in '86. And there's a paper in
Rad. Research. |If you take the potassiumout, there
is aloss of function within the cells.

W t hout potassium40inthe potassium you
could bring in an external source. And the cells
woul d recover. So, you know, put a thorium source
into the enclosure, where it's being shielded. And
having had its potassium renoved, you can add the
potassium40 part of it back. You can add the
pot assi um natural potassium back intothe m x or you
can just give external exposure and the cells recover.

In smal | organi sns, for exanpl e, there was
a situation. There was a serendi pitous experinment in
the literature where two sets of organisns were
growing differently in tw slides that were
essentially identical slides. After a |ot of study
and investigation, they found there was nore thorium
in one slide than in another slide.

So this idea that there is radiation is

only in this damage nmechanismand is not actually an
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essential aspect of what we require for cells to
function, for life to function | think is understated
in a concern about how rmuch damage radi ati on does.

Just a couple of other observations. |
like to point out in the Russell case about the LNT
and applying it to nutations. Back around '96 or so,
Paul Sel by at Cak Ridge, who is a geneticist, who is
a nenber of the U.S. del egation to UNSKIR, Paul Sel by,
who had been doi ng sonme work for Lee Russell, found
that they hadn't counted all of the control rnutations.
And when he brought the control nutations, -- this is
inthe '52to '54 tine frane -- when he includced the
control nutations, the whol e i dea of doubl i ng dose was
changed to the point where the doubling dose would
have been nore than a | ethal dose. The whol e LNT that
was kind of built on from '56 on as a function of
coming from Muel |l er and radi ati on danage for genetic
effects is without foundation as well as having no
foundati on in carcinogenesis.

Another point was that the cellular
responses are really msleading in the way that the
responses don't fully take account of repair, but in
ex vivo studies, you can get sone of that fixed. But
in in vivo studies, |ooking at sone of the sane

cel lul ar ki nds of responses, the stinulation of alot
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of the repair nechanisns and, in fact, the net
beneficial effect is much nore readily seen.

So | think both in the ICRP and the BEIR
and even in this discussion, there's too nmuch reliance
on noderately straight lines in cellular experinents.

Those are just a few coments on the
general conclusion. | would very nuch stress -- and
| have done this with Turiana and Rol and Mass after
the paper was witten and | had commented on their
English version before it was released -- the whole
i mrunol ogi cal issue is not adequately addressed. And
they said, "Well, next tinme we're going to be working
that in because we haven't really had the wherew tha
to incorporate it."

And | think really addressing i mmunol ogy
inthe context of all of this in vivo work, including
t he reduction of cancers and other diseases fromthe
early work, is really critical

Ted referred to the 1910 work. There is
a 1920 paper in PNAS by Mirphy at the Rockefeller
Institute in the Journal of Experinental Medicine,
whi ch i s one of the papers of that series of about ten
years' worth of work by Murphy and a nunber of others
there that essentially found -- they were

i nvestigating i munol ogy and cancer. And they were
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| ooking at it in terns of a nunber of factors.

They have this one paper. |It's just four
pages. But they were | ooking at physical effects.
And one was radiation. The other was heat. And they
both have pretty much the sanme effect. And that is
when they had a | ow dose, a noderately | ow dose, they
began to suppress the | ynphocytes. And, as they did,
whet her they were injecting cancers or self, you know,
putting cancers back into the animal, they were
getting increases in cancer.

When they brought the dose down to very
| ow, the stinulation of the | ynphocytes was dramati c.
And at that point, it suppressed the cancers in one
case from 97 percent to 50 percent and in another 75
percent to 25 percent. The whole stinulation process
was changed.

In 1921, with this group, there was a
paper that | gave to Carnel Mdthersill that she
recently recognized in an article that said that they
were looking at the fact that putting the serum
effect, transferring the effect of the bystander
ef fects through serum was done in 1921.

DR. LE GUEN: Thank you for your comrents.
You know, one of ny old professors, 20 years ago, was

CGeorges Mettier in Paris. So | was in Paris, France.
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| was a big shift. And the other one was Georges
Mettier. And one of the approaches of Georges Mettier
was the i mune surveillance concern.

But during the '60's, there was no tool.
And now with all the new tools, we would have the
opportunity to see if those hypot heses are not the new
hypot heses. It was during the '60s that it will be
possi ble or not to denonstrate this effect.

Thank you.

CHAI RMAN RYAN:  Yes, sir?

DR. WLLIAMS: Al exander Wlliams. | work
for the Departnent of Energy.

One of the theories in this country that
has been used for regulatory purposes is the whole
concept of collective dose. And there are sone
specific instances where this has been carried to
| engt hs that border on the absurd.

For example, | renenber sone forner
col | eagues of mne at the Environnmental Protection
Agency who believed that krypton-85 rel eases during
nucl ear fuel reprocessing woul d be distributed in the
at nosphere t hr oughout the world and woul d,
consequently, provide a radiation source to everyone
in the world.

So you could take the very snmall doses
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fromthe krypton-85 and multiply by the popul ati on of
the world and that this could be used for estimating
sone health effect. That was one of the nore absurd
uses of this whol e concept.

Now, in terns of nuclear waste disposal
the departnment does regulate certain nuclear waste
di sposal facilities. The Nuclear Regul atory
Comm ssion does regulate it. And the EPA also has a
rol e.

| won't take up everyone's time by going
in who does what, but we are seeing situations where
relatively small doses are hypothetical doses, are
being attributed to individual recipients, sonetines
over a nunber of people, sonetinmes in the distant
future, the distant future from assumng that
sormething in a nuclear waste facility m grates through
groundwat er and sonetine in the distant future gets to
somebody.

G ven your presentation, it would appear
to ne that you're not a true believer in this whole
i dea of taking small doses and multiplying by |ots of
people and claimng that this is science.

So | thought | would ask for you to
comment on the whole idea of population dose, where

arethelimts to that, what makes sense i n your view,
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what does not because, at |east here, we do track
facilities by the dose to the workers occupationally.
Thi s has an unfortunate drawback because it includes
workers at a facility who are actually working in
radi ation areas and workers who are not, clerica
wor kers, security staff, whatever.

So coul d you per haps el abor at e sonewhat on
that as to what your views are, what is reasonable in
your opinion, what is not? | see sone things here
that are absurd, but perhaps there is something here
of value. Wat do you think, sir?

CHAI RMVAN RYAN: | think just as an
i ntroductory comment, | would nention that the ACNW
has comented on collective dose in a couple of
different fronts. And | think if | heard Dr. Le Guen
this nmorning tal k about it, you started with the idea
that coll ective dose froma ri sk assessnment st andpoi nt
was not effective.

And, again, just fromour own conments, we
have identified one good use of it. And that good use
of it is in worker dose planning. For exanple, if we
want to take out a steam generator or do an activity
that involves ten workers and individual doses, it's
a tool.

DR. LE GUEN: Yes. It's a tool
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CHAI RMVAN RYAN: Not to assess the ri sk but

to assess, can | do a better job? And | think it is
a reasonabl e goal, although | m ght have others that
woul d disagree, that if we can keep doses | ower,
that's not a bad thing.

So in the ALARA context of evaluating
process one versus process two to acconplish a task,
| think that is one where | would certainly personally
think that is a reasonable use of it.

But the mcro dose to nega people | think
is at the extreme of where if you're using that as a
risk assessnent, that's off base. 1'Il give you ny
si npl e- m nded exanpl e of ny own.

DR LE GUEN.  Yes.

CHAI RVAN RYAN: Wi ch woul d you rather be
hit in the face by: @ 200-m | e-an-hour wind for one
hour or a one-mle-an-hour wind for 200 hours? The
same amount of air is going to go past you

| think that is the kind of extrene that
t akes us away froman effective us of coll ective dose.

DR. LE GUEN. And ICRP changed a lot in
this field. And today this is also the | CRP approach
to say, "Well, collective dose is a tool. It is
interesting to conpare fromone plant to another, but

it is only a tool to manage but don't wuse this
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approach if you want to assess a risk. It will be a
m st ake. "

CHAI RMAN RYAN: | think we have witten
letters on that topic. And that view that you just
expressed i s very consistent with our previous advice
to the Comm ssion.

Any ot her questions or comments? Yes,
sir?

MR. REEVES: M nane is denn Reeves.
contract for the Departnent of Defense.

" mjust wondering. For nuclear workers,
three-fourths of their tine is actually spent off the
job at background or radiation. Does it nake a
di fference at | owdoses for nmultiple chronic exposures
versus continual radiation?

DR. LE GUEN. Because we are close to the
natural radiation, in fact, it is very hard to answer
your question. In fact, it is not to continuous
exposure. You know, the really continuous exposure
doesn't exist. One day you take a small dose.
Afterwards you have nothing during a fewweeks. After
you wi |l have a new one.

And so chronic, real chronic, exposure
doesn't really exist. But it is difficult to answer

your question because, in fact, you have a nuch nore
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real, continuous exposure with the natural background
wi th the nucl ear workers today at this level. That's
true.

MR. REEVES: | guess one of the things
that pronpted the question was supposi ng you di d have
a fallout field where, of course, there was a
gr adi ent .

DR LE GUEN.  Yes.

MR. REEVES: How | ong shoul d you spend in
whi ch areas? And would this nake a difference?

CHAI RVAN RYAN:  You know, that's an
i nteresting question. Maybe | can ask you to shape it
alittle nore tightly. | would think that it would
depend on whet her you were tal ki ng about responding to
it initially, dealing with it in ternms of like a
cl ean-up type of situation, or what residual you would
be satisfied | eavi ng behi nd.

| guess | would see those as three
di fferent questions. Wuld you agree with that?

MR REEVES: Yes. And that was the whole
point of it. Wuld repeated exposures nake a
di fference as conpared wi t h havi ng sonmeone chronically
returned to the area to |ive.

DR. LE GUEN. You know, today | can give

just an exanple, EDF. W are thinking about the
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foll owup of people once they are retired. And we
have the possibility to continue to follow those
peopl e.

And one of the goals is to assess the real
risk at EDF. And for the nmonment, we have never
observed an increase of cancer risk due to ionizing
radi ation.

There is this famous L. C. \Wal ker effect
that we saw at EDF. So there is no risk due to the
exposure. And you know why the L. C. Wil ker effect is
due, probably because we follow so much t hose people
that we can very easily detect early if there is
cancer or not. So the nortality is |ess inportant
than the world popul ation, the French popul ati on.

CHAI RVAN RYAN: Thank you.

DR. MUCKERHEI DE: Just a brief conment on
wor ker doses. As pointed out, worker doses are going
down a great deal, especially in nuclear power plant
kinds of contexts, a little less so for nuclear
nmedi ci ne but, even so, they're going down quite a bit.

It'sreally noredifficult to believe that
we're going to get good assessnments of worker dose
effects as we don't keep track of nuclear mnedicine
procedures, natural background, et cetera, which are

enormously affecting who is getting what dose. The
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guy with the | owest dose in --

DR. LE GUEN. Absolutely. | fully agree.

DR. MJUCKERHEI DE: It's one nucl ear

nmedi ci ne procedure. And he's got the highest dose of

t he group.

DR LE GUEN: Yes, yes, yes.

CHAI RVAN RYAN: Don't wear your badge to
the doctor's office. Yes. | appreciate that point.

One other area or study that we have not
touched on | think everybody is aware of is the

studi es that are going on in the populations fromand
around Mayak in the former Soviet Union, where the
chroni c doses are rel atively high, where the pl utonium
exposures are relatively high

DR. LE GUEN. Yes. Mayak, Mayak, yes.

CHAI RVAN RYAN

of fol ks who have received,

And we now have a cohort

relatively speaking, much

hi gher doses for nore extended periods of tine.

DR LE GUEN:

And you know that they have

observed a threshold at Mayak.

CHAIl RMAN RYAN:  |'m sorry?

DR. LE GUEN. They have observed a

threshold at Mayak. Yes. |In the case of internal

exposure, there is a real threshol d.

CHAI RMAN RYAN: So there is an opportunity
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there to foll ow those studi es as those papers becone

avai l abl e and get published and peer-reviewed. W

will see how that goes.
Wth that, if there are no final |ast
guestions, | appreciate everybody's participation

today. W have had a broad range of participants, a
board range of views.

And | want to nost especially thank our
French col | eagues for so expertly sharing their tine,
talent, and work with us today and t hank ever ybody who
has participated. | appreciate the opportunity to
bring this to the record for the ACNW It's very
hel pful to us. And | hope it's been informative for
all of the participants.

So, with that, we will adjourn for our
| unch period. And we will be back at 1:30 to bring up
on the topic of a white paper on potential advance
fuel cycles with Allen Croff | eading that di scussion.

Agai n, thank you all very nuch.
appreciate your tinme and partici pation.

(Wher eupon, a luncheon recess was taken

at 11:55 a.m)

CHAI RVAN RYAN: | will reconvene our
afternoon session, and I'll pronptly turn it over to

our cogni zant nenber, Allen Croff. Allen.
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VI CE CHAI R CROFF: Thank you. This

afternoon we're going to hear from a team of
consultants, and vyou, John Flack, is being a
consultant in this context, about the Wite Paper on
spent nuclear fuel reprocessing, and refabrication,
which we'll call recycle. This is going to be a
verbal report on a witten Wiite Paper that's in
preparation.

| think before going on, | guess we've got

sonmebody on a telephone link. Could you introduce

your sel f.

MR. SEEHAN: Yes. Hi, ny name is Daniel
Seehan. |I'mwth the U S. Governnent Accountability
Ofice. I"'min Denver.

VI CE CHAI R CROFF: Ckay. Thank you.

MR. SEEHAN: Thank you.

VICE CHAIR CROFF: It would probably be
useful if you' d nute your phone out there. W'IlIl have

some questions later on, but for now, to keep the
background noi se down.
MR. SEEHAN. | will do that. Thank you.
VI CE CHAI R CROFF: Okay. Thanks. Wth
that, we're sort of going to do a tag-teamkind of a
thing here. And, Ray, are you going to run the show?

Okay. Qur first speaker is going to be John Fl ack.
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He's going to sort of tell us what the inpetus for
this whole thing was. John.

MR. FLACK: Ckay. Thanks, Allen. First
let me - we should have an agenda here - here we go.
Let ne just quickly go through the agenda, and we'l|l
be tal ki ng throughout about the purpose of the Wite
Paper, and the role it serves in supporting the
comrittee's activity in response to the commi ssion
SRM "Il start off with sone brief introductions on
that, which will be followed by Dr. Ray Wner, fornmer
ACNW nenber, and then Lawence Tavlarides from
Syracuse, the Departnment of Bionmedical and Chem cal
Engi neering, wll cover the flow sheets and the
UREX+la process. And then Ray will come back and tal k
about plant design of facilities, and that work was
actually supported by Howard Larson who is to the
right of me. Everyone knows Howard from ACNW And
then 1'Il talk about - follow ng that presentation,
"1l tal k about the regul atory connectionto all this,
and then we'll leave it open for discussions of
i ssues, and so on.

Ckay. So to begin, the work itself
actually stemmed froman SRMfromthe comm ssion that
was witten earlier this year in February, and the

commi ssion was interested in the committee staying
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abreast of reprocessing of spent fuel, and they shoul d
be ready to provide advice to the conmm ssion, as
needed. And one of the inportant areas that they
wanted the commttee to focus on was the
decomi ssi oni ng, and, of course, the deconm ssioning
is part of that process.

So at the time, we had this itemas a Tier
2itemin our action plan, and it still remains a Tier
2 itemin the action plan, but the conmm ssion thought
t hat should reprocessing, new approaches to
reprocessi ng evolve, that we nmay want to consider
nmoving it, the coormittee may want to consider noving
that to Tier 1. So we went back to the action plan,
as you remenber, and we revised it toreally do three,
and i ncor porated t hree things, which you'll hear about
today. First, is that the commttee becone famli ar
with the fuel cycle for the advanced reactor systens,
and that's pretty much the objective of the Wite
Paper, is to bring out that information, to go through
it froma historical perspective, and Ray wll get
into this a little bit nore, and famliarize the
committee through the use of that process with these
new syst ens.

It's al so the purpose of the Wite Paper,

as well, as in response to the action plan, is to keep
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i nformed of new issues, technical issues, regulatory
i ssues as they evolve. And then, finally, in 2007, we
had in the plan that we would do a site visit, and
that's in the works now, as we're planning a trip to
France to visit their reprocessing facility.

Okay. Just before turning it over to Ray,
let me just nmention that things are sonewhat in a
state of flux. W have -- well, let me go back just
one view graph and just remnd the comrttee of what
has been done to-date, so far. W had several
neetings. W had neetings with the staff in June,
with DOEin July, and then we will nmeet with the staff
again next nonth, and we'll hear the latest on their
plans. And things are evolving in sone extent with
respect to DOE, and so, in this sense, we're really
doi ng the second bullet there, keeping the committee
informed of all the technical devel opnents.

Wth respect to DOE now, when they first
came in in July, they were tal king about building a
denonstration facility, which would be |ike a small er
scal e of what woul d be envisioned to be a comerci al
production facility at some time. Wen we had visited
| daho this past nonth, they indicated they were no
| onger going to pursue that path, but they were going

togoto full commercial scal e operation. However, we
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may find sone additional information, and Ray may want
to share that with you, that they nay have gone back
to reconsidering the denonstration facility. Cearly,
if they do not build a denponstration facility and rely
strictly on the engi neering scal e denonstration, there
will be a substantial gap between what can be
denonstrated on an engineering scale, and the ful
scal e commerci al production. So they're noving al ong
right nowwith trying to get together an RFP for the
comerci al scale consolidated fuel treatnent center,
whichis thethird bullet there, and they' re hoping to
get out an RFP by the end of this coming fiscal year.
And so that's clearly high on their priority |ist
ri ght now.

And in light of that, there would be
planning on, if the schedule was to flow as they're
envisioning it, they would be comnginwth alicense
application Decenber 2008.

And then, finally, there's the advanced
burner reactor, which is following a few years behi nd
in licensing space of the consolidated fuel treatnent
center. And, again, they have made a deci sion on
that, and they are deciding to go with a 1,000
negawatt electric -- well, let me correct that - just

a 1,000 negawatt thermal, | believe it is, 800 to
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1,000 negawatt thermal reactor, and that would be a
sodi um cool fast reactor to act as a burner for the
transurani ¢ waste com ng out of the consolidated fuel
treatnent center.

So that's, again, these dates. The reason
why | hadn't witten any of these dates down on a
separate chart i s because they' re probably changi ng as
| "' m speaki ng here, but that sort of gives you a feel
for all that.

kay. If there's no further questions,
why don't | just -- well, we'll save to the questions
to the end. Right? 1 think that was -- we'll just
turn it over to Ray Wnmer now. Dr. Wnmer.

DR. WMER: First, can everybody hear nme?
If you can't "Il turn it off.

(Laughter.)

MR. FLACK: You want the pictures, too.

DR. WYMER  Yes, | apologize. Ckay.
Vell, let's go on to the next one then, John. The
content of the White Paper, which will be out in a
coupl e of nont hs, discusses the historic experience of
reprocessi ng, several of the international fuel cycle
initiatives, the DOE recycl e prograns and fl ow sheets,
whi ch you' || hear fromLarry Tavl ari des, and t hen sone

of the design and operational features, which are
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based | argely on the Barnwel | plant that nobody in the
room knows nore about than Howard Larson.

What | want to do today is give you a
sneak preview of what will be in the Wiite Paper, so
you have an idea what's com ng on. There'll also be
a section, and you'll hear about this today, too -
technical safety |license and regulatory issues,
that' Il be John Flack's. And sone discussion about
approaches for ensuring operational safety, and then
the path forward that we expect that DOE will be
t aki ng.

First, sone of you probably knowall this
already. It isn't as though reprocessing were
something new in the United States. W've had very
| ar ge reprocessi ng plants at Hanford, Savannah R ver,
| daho Falls, Hanford and Savannah River, of course,
the reactors were run to produce Plutonium very |ow
burn-up of the fuel, only a couple of thousand
nmegawatt days per ton, instead of 30, 40, Or 50,000
nmegawatt days per ton burn-up, which we have in
comercial reactors. The low burn-up is to produce a
hi gh grade of weapons-grade Pl utonium and we've had
three stabs in this country at comercial spent fuel
r epr ocessi ng.

The West Val ley Plant was very early. It
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operated a while, but there were a nunmber of issues
with it that had to be corrected, and it would have
been t oo expensive to correct all those, so they just
shut it down and deconmi ssioned it. Here's the plant
t hat Howard Larson was involved with, Allied Ceneral
Nucl ear Fuels, which is sonmetines called the Barnwell
Nucl ear Fuel Service Plant, and then the GE Mrris
plant inlllinois, which also never operative. It was
designed poorly. The Barnwel| plant was desi gned
properly, but the decision by Carter to not proceed
wi th reprocessing effectively cut the | egs of f of that
one. The next one.

Vell, while we've been stagnating, the
rest of the world has not, and France is |eading the
pack on reprocessing in the world, and selling a | ot
of their technology. The UK, of course, is
reprocessing. Both France and UK are doi ng total
reprocessing, that is, they' re reprocessing other
nation's fuels at a cost, at a price. And Russia has
been reproducing both sone of their power producing
reactor fuels, as well as a lot of the Plutonium
production fuels. And Japan has had a small plant for
a nunber of years. |'Il talk about that nore. China
has a plant, and India, also, is a player. Next.

In a little nore detail, these are the
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types of fuel that these plants are processing as
comercial still, they call it; 1,700 nmetric tons per
year is a very large plant. This is nore typical, and
then the Russians have the Myak plant, which is
avai l abl e for processing power reactor fuel. Japan
has t he Tokai plant, whichis a very small plant, been
runni ng for a nunber of years. They're just bringing
on |ine the Rokkasho plant, 800 netric tons of heavy
netal per year, for a total LWR reprocessing capacity
for comercial fuel of 3,814 netric tons a year.
There are ot her kinds of reactor fuels that are being
processed that are not LWR fuels, they' re heavy water
reactor fuels, for the nost part. Sellafield in the
UK is reprocessing some of the gas cool reactor and
some MOX fuel, and India has sone heavy water
noderated reactor fuels they' re reprocessing, for a
total civil capacity inthe world of 5,589. That's to
be conpared with the DOE current plan of building a
2,500 netric ton per year plant, a single plant which
is about half the size of all the plants conbined to
this point. Next slide.

Vell, in order to bring reprocessi ng back
under the screen, there's a strong sentinent that you
can't just go ahead with the old style process where

people think that has a proliferation potential,
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because the Plutoniumis isolated as a separate and
pure stream which then is, in principle, avail able
for making nuclear weapons. So the idea is build
proliferation resistant fuel cycles, and there are
several international initiatives to do this.

| provided you all with the International
Fuel Cycle Evaluation Study that ran for about three
years back in the late 70s. |f you |l ook at the
current plans, you'll see that this is the
grandfather. Al nost everything that's being
considered currently that's being touted as newi deas,
it's all here, and this just never got off the ground.

Ri ght now, the DOE i s pushi ng aggressively
for the U S. dobal Nucl ear Energy Partnership, which
"1l talk about, and Russia has a parallel program
call ed the G obal Nucl ear Infrastructure. Next slide.

Vell, INFCE, the study back in the late
70s, had the follow ng parts; nuclear fuel cycle
assessment; that is, what are all the fuel cycles.
How coul d you rmake Pl utoni um avail abl e to devel opi ng
nations for wuse in fuels w thout making Pl utonium
avai l able to them for weapons production. It dealt
wi th spent nucl ear fuel storage, which, of course, is
a current hot potato. It talked about inproved

nucl ear safeguards, and then they tal ked alternatives
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to Plutonium and high enriched Urani um econony, one
of themwas the Urani um 233 Thoriumfuel cycle. Next.

The d obal Nucl ear Energy Partnership, os
GNEP, as they call it, has these follow ng goals.
First, expand donmestic use of nuclear power, get rid
of the major reliance on the Mddle East now, and in
the future, for providing oil as their major energy
source, denonstrate a proliferation resistant fuel
cycle. Larry Tavlarides will talk some about that
[ater. Mnimze the nucl ear waste accunul ation. And
if I had to say what is the nost inportant issue here
as far as Departnment of Energy is concerned, it's this
one. They dearly do not want to build another Yucca
Mountain. And by follow ng through on this GN\EP
proposal, they can, in principle, extend the Yucca
Mountain repository. And if you do what's proposed
here, then the feeling is that the Yucca Mountain
repository can retain the fuel up through the year
2100.

Vell, part of this schene is to devel op
and denonstrate advanced burner reactors, because one
way to acconplish bullet 3, is by doing bullet 4,
separate out the actinide elenments, Plutonium
Americium Curium and burn those in a fast burner

reactor, and turn theminto fission products, rather
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t han acti ni des, thereby renoving t he maj or heat source
fromwhat's stored in the repository, and allows you
to store the fuel a lot closer together, so you can
extend the lifetine of the repository, so this is a
key part of the GNEP proposal.

In this system you would work with other
countries and establish alease and return fuel cycle;
that is, the other countries would | ease the fuel from
the United States, and then when it was burned up,
they'd return it to us and pay for sone of the fuel
recycling.

Anot her feature of it is to denonstrate
smal | er scal e reactors. Now the standard reactor size
got to be about 1,000, 1,100, even 1, 200 negawatt days
per ton, |'m sorry, negawatts - negawatts el ectric.
"1l get it, and these are very large reactors, and
not all areas around the world necessarily need to
produce that nuch power in one spot, sotheideaisto
develop better small reactors that could be
distributed around, at a size that's needed in a
particul ar area.

DR. VEINER. Excuse nme, Ray. |Is this
i ntended for countries that do not have reactors now?

DR WMER: It's intended for any country

that has them now, or will have them who want to
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participate in these kinds of service, nowand in the
future.

DR. VEINER Ckay. But it is not --

VICE CHAIR CROFF:  Ruth, I'd like to hold
the questions until the end, if we can.

DR. VEEI NER: Ch, okay.

VICE CHAIR CROFF: Because this one is
really tightly wapped.

DR. WYMER: Yes, that's why |I'mrushing
here. W really have very little tine to get through
what we have to present.

Anyway, the idea is to denonstrate
improved small reactors. And finally, to design
safeguards into facilities, like the reprocessing
facilities, and reactors to nmke them nore
proliferation-resistant than they currently are. So
those are the GNEP principal goals. Let's go to the
next one.

This will be the Russianinitiative. It's
al nrost a carbon copy of the GNEP proposal, totally,
i ndependently initiated by Putin and Russia. They
woul d establish the sanme kind of full service, they
call it full service international nuclear centers,
where they would provide not only reprocessing, but

enri chnment and fuel fabrication, full service centers.
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And they would build these centers, not only in
Russia, but in nuclear weapon states, any of the
countries that you sawin the previous slide that have
reprocessing plants would be candidates for
participating in this program And they' re ahead of
the United States in that they have al ready desi gnat ed
a pilot enrichnent center that would be part of this
gl obal nuclear infrastructure in Siberia under |AEA
supervision, and they would build a sharehol ding
structure for countries involved in the centers so
that the participating countries woul d be sharehol ders
in the business. But in order to do this, there has
to be sone legislation passed in Russia to nake this
possi bl e. Next slide.

Vell, sort of an overarching programis
what's called the Generation IV Initiative. There was
a forumheld in May of 2001, and the goal of this
CGeneration IV Forumwas to tal k about new generation
nucl ear energy systens; in particular, new reactors.
And they were talking about five of them they
identified five that they work on. PWR and BWR woul d
not be brand new, but they would be better fromthe
point of view of proliferation-resistant, and wth
respect to burn-up then the current Generation, so

that's evolutionary devel opnents, rat her t han

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

131

revol utionary devel opnents.

Then, of course, they want to continue to
devel op the Fast Burner Reactors, both the LMFER
liquid nmetal, which could be either sodium or
bi smut h, or NAC, sodi um potassium or |ead, even, and
gas cool ed, generally speaking, helium cooled fast
burners. Then the fourth type is the High
Tenper at ur e- Gas Cool ed reactor, of which there are two
kinds; the German version, which is a pebble bed
reactor, 1'lIl say nore about that, and then U S.
version, which General Atom c built and operated out
at Fort St. Vrain outside of Denver for about a
decade, which is built based on a prismatic fuel
block. And, finally, the final one is the nolten salt
reactor, which is a radically different design from
any of the above, in that the fuel is a fluid. It's
a nmolten salt that is circulated through a heat
exchanger, and it's Oak Ri dge Devel opnent, which was
shel ved a nunber of years ago. Next one.

Vel |, if you want to talk about
reprocessing and stick to light water reactor fuels,
which is all there is at the present, well, 1ight
wat er, heavy water reactors, they're all there are at
the present tine. The current process is the Purex

process, which sone people believe have sone
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proliferation risks because it does isol ate Pl utoni um
as a pure stream And that's the only process that's
practiced on a | arge scal e t hroughout the world. And
there's a great deal of experience with the Purex
process. However, there are proposals, and the U S.
proposal s are contained in what |'ve called the UREX
Al ternatives, uranium process, and a French process
called the Ganex process. Now let's take a | ook at
t he Purex process.

This is a grossly sinplified view of the
Purex process, but it gives you the essential steps.
I rradi ated fuel is brought onto the reprocessing site.
It's chopped up, at which point sone gases, |ike
Tritium Krypton, perhaps sonme |odine cone off, and
thenit's dissolved in Nitric Acid. You get sone nore
of f gases, you get some nore | odine off here, and then
it is treated by a solvent extraction process, where
you m x up the solution of everything, Uranium
Plutonium fission products, Anericium Curium
everything, in Nitric Acid. You shake that up with
Tri butyl Phosphate, which is an organi c sol vent which
is immscible with agueous sol utions, and the Urani um
and Plutonium preferentially are extracted into the
Tri butyl Phosphate phase, the fission products are

| eft behind in the aqueous phase, and the Nitric Acid
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phase. They becone a high-level waste. The Uranium
and Pl ut oni umare separated i n anot her subsequent step
here. This is why the Purex process is considered to
have potential for proliferation, because it isol ated
a pure Plutonium stream separate fromthe Urani um
stream And then the Uaniumis further purified,
making a Plutonium Oxide product. The Uraniumis
purified, as well, and can be re-enriched, and
recycled, if you like. The Plutonium Oxide can be
m xed wi th Urani um Oxi de to nake what's known as MOX
fuel, or Mxed Oxide Fuel, which part of the highly
enriched Uranium is replaced by Plutonium thereby
reduci ng the need for mning and mlling nore U ani um
Next slide.

Now t hese are the UREX alternatives that
were considered by the Departnent of Energy, and
several advisory groups that they assenbled. This is
the one that they settled on, the UREX+la, and that's
the one that Dr. Tavlarides will be discussing. Here,
you get the following separated product streans,
Uraniumas a pure stream Technetiumas a pure stream
Cesium and Strontium together, all the transuranic
el enents, and all the other fission products.

This is the streamthat's put into the

fast breeder or fast burner reactor in order to
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convert all those fuel elenents into fission products,
whi ch then have a relatively short half-life, and are
not nearly as heavy heat producers in the long termas
the true elenments are. Cesiumand Strontiumin this
schenme are separated, because they both have about a
30-year half-life, and by separating those out, you
remove also a lot of heat in the short term and you
can just set those aside, and after 300 years, they've
decayed 10 half-lives down, which neans they're at

1/1000th of the <concentration that they were
originally, and beconme a | ow | evel waste.

Technetium is separated out separately
because it's such a troublesone isotope in waste
di sposal, and it bogs Protectataydyne which is very
nobile in the environment, and turns out to be one of
the long-term products, long-term problens in a
repository. So that's the UREX+la process. Next.

Now, t he French have i ndependently cone up
with a process which they call the Ganex Process,
call ed COEX, a co-extraction process, where they
di ssol ve the spent fuel. O course, they have off-gas
streans there and there, and then they do an
extraction and take out the actinides and | antonide
el enents. And then they strip out the actinides,

whi ch then they can burn. This is a sinplified flow
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sheet, and t hey shove out the | antoni des, whi ch becone
a waste, and they strip off the fission products,
whi ch becone a waste. The actinides are recycled
back, and in our conception, they are put into the
fast burner reactor. But you notice they do not take
out the Technetium separately, and they do not take
out the Cesium Strontium separately. They are
planning to introduce this into their mjor
reprocessing plant at La Hague around the year 2040.
This will replace the PUREX process in their present
plant. Okay, next.

MR. FLACK: Ckay. | think this is --

DR WMER: Right. Nowthis is -- Dr.
Tavlarides will give the presentation on the Uex flow
sheet equipnment. Larry has been scurrying around.
They had a special neeting for him at a mxXxing
synposium and he was honored by a session in his
name, and that was this past weekend, so we're |ucky
he's here.

(Laughter.)

DR WYMER |'m not sure he's awake, but
he's here.

MR. TAVLARIDES: Well, you'll find out if
| "' m awake or not by what | say.

MR. FLACK: That was very fast.
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DR. WMER: You can ask questi ons.

MR FLACK: Later.
DR WMER:  Later.
(Laughter.)

MR. TAVLARI DES: Thank you, Ray. Thanks
for the introduction. | flewin from San Francisco
| ast night to Syracuse, and | got honme about 11: 30,
and then got up at 4:15 this norning to get here, so
it's been an interesting day so far. WlIl, anyhow,
" m happy to be here and speak about the work we're
doi ng and these flow sheets that we've | ooked at and
devel oped, so if | can have the next slide.

This gives you the basis of the flow
sheets, and what we wanted to do is, anongst other
things, determine the conpositions of the process
streans and t he waste products, the effluents, and the
ot her effluents that you get fromthe process, so that
we know what their conpositions in curie |levels are so
we could decide whether or not they are going to
create problens for workers, as well as public
problens, as far as the radiation being distributed
and coming out of the process. So in order to do
this, we had to get information about the nature of
t he radi oi sotopes in the processes, and to do this, we

had | ooked at - we want to | ook at four cases. There
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are four cases studied to evaluate for this UREXt+la
process is 45 gigawatts per day per netric ton of
initial heavy netal, and we're going to | ook at that
for two cool down periods, one at five years, and one
at 30 years. And the cool down ponds in the second
60 gigawatts per day of netric ton of initial heavy
netal, five and 30-year cool down tine. The process
sheets will be run at one netric ton of heavy neta
per day, which is an engineering scalelimt, and this
can be expanded and scaled up if we want to have the
two nasses of all the waste streans and products that
are being produced, and what their radiation |levels
are.

The flow sheet analysis preparation was
done for us at OGak Ri dge Nati onal Laboratories, and we
used t he ORI GEN bur n-up code to nake t he cal cul ati ons.
And these were done for us through these gentl enen,
Dr. Ruston, Guald, and Murphy. And they created al
this information. It's nowin the hands of the folks
at Argonne Nati onal Laboratories, and they're goingto
run the AMJUSE codes for us to give us the process
streans conpositions for these four different
condi ti ons.

To give you an idea, a typical power high

pressure water reactor assenbly has the follow ng
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br eakdown of the fuel rods, and the heavy netals init
are Uranium netals, about 461 Kgs, now Urani um Oxi de
is 523, Zircaloy for the cladding and guide tubes
about 108 Kgs, stainless steel end fittings, inplant
fillings, and I nconel and ni crobl aze all oy, giving you
a total hardware of 134.5 Kgs, along with the Urani um
metal or Uranium Oxide. So that's the material that
you're starting with. Can | have the next slide,

pl ease.

To give you an i dea what these | ook |i ke,
this is a typical fuel power pressure water reactor
fuel assenbly. It has head end and bottom end
assenblies which hold the tubes into place. And the
tubes that are going to be processed |ook such as
this. You have the Uraniumelenments, pellets init,
springs hol ding themin place, and there's space above
and belowit, so that you have volune for gases to be
evolved and retained init. These are sealed, and so
whenever we try and process them we want to chop
these fuels up, these fuel rods out, gases are
i berated, and you can access the Urani umand di ssol ve
it out of the tubes, and out of the hull cladding. So
t he next slide then shows you a process schene of the
whol e situation.

This is an overall view of what happens,
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and | colored it inthree color tones. The |ight blue
is what we call the head end unit operations, the gold
colors are the central operations, and these are the
four separation processes that take place i n UREX+1a,

and the purple are what we call the tail-end process.

|"d like to go through these with you, so you have an
under st andi ng of what is invol ved.

If we look at these fuel rods that we
nmenti oned, they cone in as spent fuel, and you see
t hese rods and the assenbly. These are chopped, and
there's a chopped fuel assenbly unit that chops these
into different pieces. The hulls are placed into
anot her process where they dissol ve U ani umout of the
hulls, and they create a Uranyl N trate sol ution.
This goes into a clarifier to separate out the
solution from any undi ssolved materials. This then
goes into the main central unit operations, and we'l|l
di scuss that in a monent. And the streamH5, is what
we need to get fromthe ORI GEN code, as far as what
t he conposition of the actinides and fission products
are, for any given fuel that has been burned at a
certain rate and cooled for a certain |l ength of tine.

As you | ook at these processes, though,
whenever you chop the fuel, we saw this at |daho

Nat i onal Labs, they're actually doing this in one of
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the hot cells we visited. You hear a swi sh and gases
come out. The gases that come out along with other
products. You have |odine-129, Krypton-85, Carbon-14,
and Tritium as well as other gases. They cone over,
and these are trapped and processed by a variety of
ways. And then we can capture the lodine and the
other gases in different fornms, and they could be
pl aced at the high level formfor greater than C ass
C forns, and so this is one of the products that we
get.

The ot her part of the head end process is
t hat you recover the end hardware. |f we dissolve the
fuel fromthe hull pieces, these are cl eaned, and t hen
these hulls also could be radioactive and have sone
products in them fission products. These are cl eaned
in away conpacted, and packaged for high-1evel waste
di sposal. Furthernore, for any undi ssol ved solids
that come into here, and these can be al so packaged,
and 1'Il mention what happens with this |ater on.

As we go into the UREX process, into the
UREX+la, there are four stages | nentioned. 1In the
UREX process, the first step separates Technetiumfrom
Uranium and we have Uranium Nitrate solution. And
the Uranium Nitrate solution can be denitrated and

solidified, and it's packaged for storage, so you have
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now recovered the Uanium and it could be packaged
for storage and future use. The Technetiumis

recovered, and it's reduced to a netal. Then the
Technetium can be added to a nelting furnace, where
you add sonme of the clean hulls, forma nelt, and this
coul d be packaged as a hi gh-1evel waste for disposal.

As we go on to the process, the next step
is the CCD-PEG, this is Chlorinated Cobalt Dicarbol ade
wi th Pol yethyl ene dycol, and there's another system
they're looking to use. This is a Bobcat Calic Sereem
material. This processing step renoves the Cesium and
Strontium and the Cesiumand Strontiumis steam
reformed and forned into Alum num Silicate, and this
is packaged, as Ray nentioned earlier, for on-site
storage, or storage for the order of about 300 years
in bins that are kept cool so that it coul d decay away
after that time, and be a suitable waste for future
processi ng of storage.

The remai ning materials that cone out are
transurani cs and fission products, and these then go
through two nore steps. The Truex process renoves
fission products, but they don't renove the
Lant hani de, fission products and transuranics. They
do renbve themin a separate stream This goes into

the Tal speak process. One set of other fission
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products, not the Lanthanide fission products, are
Cal cine, and put into an i mmobilized hi gh-1evel waste
form

In the Tal speak process, we can separate
the transuranics, and with that we al so separate them
fromthe Lant hani de and fission products. Lant hanide
fission products, which are also Calcine, and pl aced
into a high-level form The transuranics, Plutonium
Americium Cerium and Neptunium can then be bl ended
with part of the Uaniumto nake a solution, calcine
it and package it for advanced burner reactors. So
this is how we can recover the actinides and blend it
with Uranium for future use for advanced burner
reactors. May | have the next slide.

This is to give you an i dea of sone of the
data we're using to put into the AMJSE codes from
which we will be able to track the conpositions of al
these trains. This is ORI CGEN data, 60 gigawatt per
day per netric ton of initial heavy netal, with a five
year cool -down. W have the heavy netal at one netric
ton, and these show you the conposition of the
el enental gases and the radi ation | evel that they have
for this one netric ton, the transuranics, Neptunium
Pl utonium Anericium Cerium Now the next slide.

And we go on with the Cesium Strontium
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Technetium and all the rare earth. |'mnot going to
go into the details, but this is the kind of
i nformati on we get fromthe ORI GEN code, which will be
used in these process flow diagrans. May | have the
next slide.

Now at this point, I1'd like to take you
t hrough these different processes to give you our
perception of howthey are at this nonent, or at | east
the key points that we think are streans that we w sh
to follow So the flow sheets that you will see
i nclude operations for off-product recycle, solvent
wash, and solvent recycle, as well. But before |I do
that, | wanted to famliarize you, if you haven't
al ready seen these. This is a centrifugal contactor,
and these are what people will use to do the sol vent
extraction separations. Centrifugal contactor has a
spinning rotor. The aqueous feed conmes in, the fresh
solvent conmes in, and it's enulsified into a liquid
di spersion that then goes through the core of the
contactor, where the centrifugal forces separate out
t he agqueous stream and the organic stream by
coal escing the enul sion. The agueous stream goes on
on to the wall and passes out as a product, and the
organi ¢ | oaded sol vent | eaves in another stream

These are connected i n a sequence of maybe
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20 or nmore of these contactors, and the next slide
shows you a connection of 24, in this case, that were
used for the GCak Ridge test - sorry, the Argonne
National Lab test. And this may have an extraction
section, a stripping section, and a washing section
init, where maybe 10 or so are used for extraction,
5 or 6 were stripped, and 5 or 6 were washed. And
this is a concept that is used in these separations.
May | have the next slide.

So this is the UREX one. You can flip
back, John, to the blue slide where | showed all of
the - that's it. Oay. So now what we're going to do
is look at these four detailed flow sheets. | gave
you an overview of the flow sheets, but there are a
| ot of interconnecting steps in each one of these four
fl owsheets, and | wanted to show you what is invol ved
inthese to a point, to give you an i dea of what they
| ook like. So could you go forward, now?

kay. So this is that H5 streamt hat
goes into the UREX+la process, the UREX cycle. This
stream goes into this series of extractors that you
saw, and in this case, the Uraniumand Technetiumare
stripped fromit, they scrub the stream they take the
| oaded sol vent whi ch has Urani um Technetium and then

this is taken out of the solvent, and it goes into
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anot her unit operation called an ion exchange. And
this ion exchange then separates the Technetium from
the Uranium and it gives you a product. And this

product is this Technetiumthat we showed you before,

and this Technetiumis a Protecnotate, which then goes
to the process of being reduced, and eventual ly nmade
into the netal we spoke of. Simlarly, this provides
us the Uranium product, the Uranyl N trate sol ution,

whi ch then can be created into another package form
that could be used later on as a mxing with the
t ransurani cs.

You can have off-spec material, if they
don't work well, then we can recycle them in this
case, and other streans that you get are spent
solvent. At the end of the 200-day operation or
what ever, you end up with spent solvent. This has to
be treated as a waste, so this is something we're
interested in, in determning howto treat that. And
what | eaves the process, in addition to the Uranyl
Nitrate and the Technetium is the raffinate, which
contains the transuranics, as well as the actinide
products. They go on to the CCD PEG process. Can
have t he next slide.

That second yellow bl ock that we saw in

the overall diagram this conmes off of the UREX
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process. And in this case, we want to renove the
Cesium and the Strontium Again, a sequence of
extractor contactors, and we extract the Cesium and
Strontiumfromthis. And the Cesium Strontiumthen
comes through and is stripped with these different
solutions, which | won't gointo. |It's stripped. It
provi des us a product of Cesiumand Strontium This
then goes to steam reformng, as a product that |
nmentioned to you a nonent ago. And this, then, could
be made into alum numsilicate product.

W al so have com ng out of here the
raffinate. Now this is Cesium Strontiumfree
mat eri al , and this raffinate cont ai ns t he
transuranics, plus the rare earth fission products,
and ot her fission products. And this, then, goes on
to the next stage of the Truex process. Wen you see
this, thisis the Truex process. It cones in fromthe
CCD-PEG and in this case we renpved as raffinates
non- | ant hanide fission products. This goes to
calcination. W then have the product which contains
these transuranics and rare earths. This goes on to
t he next process.

Simlar tothe other ones, we have a spent
solvent stream W recycle it during the process, but

at the end of the year of operation, we can treat
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that. Of-spec material is recycled and treated. Can
we have the next slide.

Thi s shows you t he connecti on of the Truex
with the Tal speak. Now in this |ast processing step,
we have the four transuranic elenments, plus the rare
earth or the Lanthanide fission products. And these
come into this process. The solvent here is the
WMHDEHP. It extracts out the fission products. These
are then stripped, and all these rare earths go into
cal cination, as we showed you earlier. The product
that we get fromthis are the transuranics, and t hese
are bl ended, as we nentioned earlier, with Uaniumto
produce t he advanced burner reactor fuel. Again, off-
spec material can be recycled, just as recycled to the
Truex, we end up with solvent at the end of the
processi ng cycl e, which would be within the end of the
year. This has to be treated, and this, then
concludes the overall details in a brief way. So we
have a lot of interacting steps here, and in order
that we know whet her these streans, and what their
products are, and what their conpositions are for
waste treatnent, then we have to anal yze these. And
it depends on the nature of fuel that you put in at
the very beginning, as to what you get at the end

product. Okay? So we want to | ook at a broad range
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of these so we have an idea of what we're dealing
with. My | have the next slide.

So this gives you a sunmary, and I' || give
you two sunmary forns. The first is the types of
waste form and products that we get, and their
di sposition. The head end, those were the |ight blue
boxes that we showed you, the very first detailed
process setup, or high-level process set up. You end
up with hardware, hull conmpacted, material, this
di sposition would be probably high-level waste, but
maybe greater than Cl ass Cwaste. W have undi ssol ved
solids that cane fromthe fuel dissolution. This wll
probably be hi gh-level waste. W have |odine-129, and
dependi ng on the node of processing it, you may end up
with crystalline lodine-129. It could be high-Ievel
waste, or it could be greater than Cass C, or even
| ow- | evel waste, but it depends what you want to do
withit.

For head end, you have Krypton-85, as a
conpressed gas, and this also can be produced in a
formthat's packaged. You also have C14. C 14 can
be made into a caustic Cal cium Carbonate, Sodium
Carbonate that can be stored either for tenporary
decay, or even long-termfor the C 14, as tenporary.

And Tritium Tritium can be treated up front by a
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vault oxidation process, or other process to form
Tritiated water, if you want to capture it there, and
there are off-gases given in all of these processing
unit operations that produce Tritiated water. Perhaps
this could be brought back, and even have i sotope
concentration method to concentrate Tritiated water.
VW will also have Technetiumnetallic waste as a hi gh-
| evel waste.

The central, we saw that we have Cesium
Strontium as a waste form produced by the steam
reform ng process, high-level waste cooling binsets,
Truex or Tal speak gives us fission products, either a
Zircaloy metal matrix or calcine high-level waste.
Al those spent solvents, we showed you there, at
least a half a dozen of these, these could be
incinerated. Vessel off-gases could be recycled
t hrough the head end treatnment, if they're Tritiumor
ot her conpounds. O f-gas control systemfor secondary
waste, this mght be a Cass C waste product. And in
the tail end, we have packaged Uranium transuranic
product. This is high-level waste storage for fuel.

So finally, this gives us a summary of the
fl ow sheet attributes for regulatory consideration
W have vari ous anounts and types of gaseous effluents

that are being produced. W were trying to quantify
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these and understand what they are, but we have
various amounts and types of these gaseous effl uents.
W have various anounts and types of |iquid waste,
hi gh-1evel waste for vitrification and fission
products, lowactive waste for cenentation and
drunm ng, solvents that m ght be incinerated.

The anmounts and types of solid waste, this
coul d be equi pnent. W showed you hardware fromthe
fuel assenblies. W have resins from sone separations
that we showed you, and there could be greater than
Class C waste, and new regul ati ons may be needed for
t hi s.

| nt eri mpackagi ng and di sposal, we showed
you the Cesium 137, the Strontium90, and interim
package and storage of the actinides. So with that,
"1l turn it over to Ray.

DR. WMER: Everything on? Can you hear?

PARTI Cl PANT: | can hear fine.

(Laughter.)

DR. WMER: Ckay. What |'mgoing to show
you now is all based on input fromHoward Larson, who
is the world's authority on the Barnwell plant. He
was, at the time the Barnwell plant was under
construction, the President and General Manager, and

t hen nost recently, many of you will recogni ze hi mas
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havi ng been a nenber of the senior staff as your team
| eader. |'mstealing your stuff, Howard. | hope you
don't mnd. Next slide.

None of this will be newto the people in
here who have been involved in reactor |icensing
They' re very nmuch the sane consi derations, except for
proximty to reactors, of course, so |l won't dwell on
that. Let's have the next one.

The major facilities in a reprocessing
pl ant, such as being envisioned in the d obal Nucl ear
Energy Partnership initiative that DOE has underway,
and the President of the Barnwell plant are fuel
receiving interim storage for spent fuel, the
separations process, which in this case was the Purex
process, in the future would be one of these UREX
processes. After the separations, the facility for
Ur ani um product preparation, for Plutonium product
preparation. This is what was done, not what woul d be
done, because you would not have a Urani um product,
Pl ut oni um product preparation in a new reprocessing
pl ant under the GNEP concept. Waste storage and
solidification, high-level waste by vitrification.
Next .

The routine rel eases that were consi dered

at the time of the Barnwel |l plant were only those that
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| eft the plant through the air. Everything el se was
packaged and managed in sone way. |t was not rel eased
to the environnent directly. That's a mmjor design
consideration. All the process were made of
corrosion-resi stant equi pnent, by and | arge, stainl ess
steel of one kind or another. There had to be
confinement, and there woul d have to be in the future,
agai nst natural disasters, earthquakes, tornados,
pl ane crashes, which is not exactly a natural
disaster. All the high-radiation cells would be
remotely maintained. There would be no direct

mai nt enance.

Access to the various radiation zones in
the plant are controlled by | evel s of radiation, each
different I evel required a different set of rules, and
a different set of managenent criteria. And, finally,
criticality control has to be designed. Typically,
this nmeans keeping any equipnent that has enriched
Uranium highly enriched Uranium or Plutoniumin it,
either in a slab configuration, or in atube that's no
greater than four, five inches in diameter. Next.

Typi cal effluents, you just heard this
from Larry, are the Krypton, which as soon as you
di ssolve off the fuel, the Krypton-85 is rel eased.

Krypton i s a nobl e gas, of course, and it's chemcally
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unreactive, except under very extrenme conditions. For
all practical purposes, it's always a gas. And in the
past, it has never been recovered. |It's just been
turned | oose in reprocessing plants. In the future,
it may or may not be allowed, probably would not.
| odi ne-129 conme off the Ntrate Acid dissolver
solution. 1In the past, it has been renoved either by
capture. As Larry indicated, either trapping it as
Sodi um Hydroxi de solution, in which case it becones
Sodi um | odide, or passing it over solids that are
i npregnated with Silver Nitrate, so that you form a
silver iodide fixed material, but it wasn't turned
| oose.

Car bon- 14, of course, would be put into
this Carbon Dioxide. Larry indicated that that woul d
be renoved as Cal ci umCarbonate, which we precipitate,
and in the past, that has been turned | oose. Tritium
comes out two ways. It comes out either as a gas when
you share the fuel. Goes in as a fission product,
whi ch they turn the fission product, it's about one in
every thousand fission produces a Tritiumatom and so
it comes off as a gas there, or what doesn't cone off
that way, is exchanged with hydrogen and water in the
Nitric Acid solution, and becomes Tritiated water,

HTL. And these are basically unresolved issues at the
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nmoment for future reprocessing plants.

Sol i ds, of course, are sone are vitrified,
sone are stored as other kinds of solid forns that
have low activity and internediate level activity
wast e, and mi scel | aneous waste for solids and | i qui ds.
Those are the typical effluent streans, and those are
the primary considerations for the Nucl ear Regul atory
Conmi ssion's interest. And it is those that we are
trying to quantitatively pin down in the separations
processes that Larry tal ked about. The anounts and
types will be indicated fromthe fl ow sheet runs based
on the AMUSE runs that Argonne is doing for us, under
our direction, and we are specifying the conditions of
burn-up and cooling, cases they are to | ook at. Next
sli de.

You have sone additional solids and |iquid
wast e, which there's no sense bel aboring. High-Ievel
waste typically comes out as |iquids, stored in tanks,
and then this is certainly what was planned at the
Barnwel | plant, and would eventually be vitrified.
Typically, you store it for four or five nore years as
liquid. Wile it is short-lived, radioi sotopes decay
solids to stable isotopes. Next.

As | said, the high-level waste woul d be

borosilicate glass. This is pretty nuch accepted now
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by everybody as being a good way to solidify waste,
whet her or not it's needed. People are happy with
borosilicate glass. The English, and the French, and
we have been producing borosilicate glass waste, and
peopl e have cone to accept in. And while there are
ot her ki nds of disposal nmethods, typically people who
are not initiated in the business, will not settle for
anyt hing other than borosilicate gl ass.

O her types of solid waste could be
solidified in cenent if they're |owlevel waste, and
hi gh-l1evel waste wll be stored at a geologic
repository, like the proposed Yucca Mountain
Repository. Oher kinds of waste in the past have
typically been stored in surface trenches. That's
probably no | onger acceptable. And here's a problem
| odi ne-129 - nobody has cone up with a good way to
produce a very stable chem cal form of |odine-129.

| was in Russia a few years ago, and they
were tal king, the guys conme up afterward and said we
got some tons of lodine-129. How do you people fix
that stuff, anyway? So | said | don't know, we've got
t he same problem you' ve got. And there is no truly
stable inert form and it's something that needs
attention, but it's a problem Next.

One of the key things at a reprocessing
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plant is the processing personnel. It's like a
reactor, you alnost have to be qualified to fly a
Boeing 777 in order to run a reactor. The sane thing
is true running a reprocessing plant. These people
have to be highly trained, and these are the ki nds of
operations that are conducted, and you need senior
operators, and this is based on Howard Larson's i nput,
that he found that people would take this training,
and they couldn't pass the training course. They had
to go back and take it again, and again. It took
about a year, to a year and a half to train operators
to run the reprocessing plants, a nmajor problem
Next .

Part of any conplete fuel cycle involves
fuel fabrication. Typically, the |ight water reactor
fuel is conposed of highly enriched Uranium oxide
pell ets about half an inch or so in diameter, and in
pl ace of highly enriched Uanium you can al so use
Pl utonium as part of the fissile material. You clad
it in Zrcaloy, and you have Zircaloid or sone
stai nl ess steel hardware, as you sawin the slide that
we showed earlier.

In the case of fast burner fast breeder
reactors, oxides have been what's been used in the

past. Carbide is being used in India in snal
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reactors, and Nitride has been considered, and these
are fabricated into pellets, and they're clad in
stai nl ess steel because you don't need a | ow neutron
cross-section cladding in a fast reactor. Nitride is
a problem because Nitrogen is a source of - is the
princi pal source of Carbon-14. It captures the
neutron, Hydrogen-13 captures the neutron, eventually
beconmes Carbon-14, so if you just use Nitrogen as it's
present, that you're breathing at the nonent, it would
make too much Carbon-14, and so in order to have a
Nitride, you probably have to do a Nitrogen isotope
separation, and use a Nitrogen i sotope, which does not
form Carbon-14. |It's not a difficult separation
Light elements typically are relatively easy to
separate isotopically, but it would be a significant
st ep.

Hi gh t enper at ure-gas cool ed reactor fuels
are typically nmade of Carbides, or a mxture of
Car bi de and Oxygen, or of Oxide. And these are, for
HTGRs, these fuels are made into tiny, tiny pellets,
less than a millimeter in dianmeter. That is what is
the equivalent of a Zircaloy clad fuel rod. It's a
tiny, tiny pellet, a kernel of which is one of these
chemi cal conpounds. And then you coat that tiny

little inner pellet which is maybe half a mllineter
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indianeter with a pyrocarbon coating which is porous.
That gives you a space for fission product gases to
accurmul ate w thout bursting the pellet open, and
that's the equivalent of the plenum space above and
belowthe pellets in a fuel elenment, PWR fuel el enent.
And then on top of that, the porous graphite, thereis
a silicon carbide coating. Al this is building up to
something that's no bigger than a mllineter in
diameter all tolled. So that silicon carbide then is
t he contai nment vessel, nothing can get out of that.

And then finally, on top of that, there's
a graphite coating to protect the silicon carbide.
Qobvi ously, that's not much fuel, sothere are billions
of those that have to be fabricated, but this has been
done on a conmercial scale. And three reactors, to ny
knowl edge, have been run. One commercial park
producing reactor is Fort St. Vrain, and two test
reactors in CGermany, a snall one, and |arger one
whi ch was a prototype.

There are two different ways that you can
treat these tiny little spheres. One is, you can put
thelittle spheres into bigger spheres. You roll them
up in sort of what we mght call the dung beetle
approach, where you roll these up and it's wapped in

a tar matrix, so they're little - it's like a plum
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puddi ng, they're enbedded in this tar matrix, and you
graphitize that, and you've got a graphite sphere.
Those spheres are then put in a big tank with a
conical bottom that's the reactor.

In the case of the Fort St. Vrain type,
the little spheres are put into sticks of tar. Those
are graphitized. Those are stuck down holes in a
great big graphite block, so that's a large fuel
el enent. These types of fuels pose very special and
difficult reprocessing steps, nmainly in the head, and
getting rid of all that graphite. Next.

As far as fabricating the Pl utoni umoxi de,
Ur ani um oxi de m xtures are concerned that can be used
inlight water reactors, either PARs or BWRs, called
MOX fuel, Mxed Oxide Fuel. Those are being
fabri cat ed, have been fabricated, how they're
fabricated shown in this chart. And we, of course,
are buil ding down at the Savannah Ri ver plant our own
l[ittle indigenous MOX plant, which maybe sonme people
in this roomhave been involved in the licensing of.
So, you see, there's a fair anopunt of experience in
fabricating MOX fuel. Next.

MR FLACK: | think that's ne.

DR. WMER: And now we cone to what really

is the heart of the presentation. It's John Flack's
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presentation on the things that are near and dear to
the hearts of people in the Nuclear Regul atory
Comm ssi on, make the Regul atory Connecti on.

MR. FLACK: Yes, | was going to say, we
had t he French Connection this norning, so nowwe nove
on to the Regul atory Connecti on.

Ckay. | mean, we could spend a | ot of
time tal king about the regulations, and | don't know
whether | should stand up or sit. Let ne just sit
here, because | think we probably need to go through
it rather quickly, but in any case, as you could see,
what | laid out on this viewgraph is a framework, is
the framework that we use today to regulate various
parts of what mnmght be considered pieces of the
consolidation facility that DOE is proposing. But
what | did in this case was stand back and try to
understand what were the high-level, the top | eve
regul atory criteria, because once you know the top
level regulatory criteria, then -everything else
follows. And froma list like this, various
regul ations, the top level regulatory criteria would
be like Part 50 and Part 70, and Environnental
Protection Part 51, because it's there where you set
the doses and the limts, that then you have to conply

Wi t h.
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One thing | noticed in doing this, com ng
from reactor space, is that in the reactor side,
there's sonething el se called policy issues. And the
policy issues aren't, per se, regulations inthe sense
that they have to be net by law, but it often dictates
how one reviews a |licensing application. And there's
three significant, for light water reactors, policy
statenments that drive a lot of the decisions in the
agency; the Safety Goal Policy Statenent; the Advanced
React or Policy Statenent, which expects that the next
generation of plants are going to be safer; as well as
the Severe Accident Policy Statenment for operating
reactors, but these are policies that the conm ssion
has put out, that says this is what we expect.

When | |ook at the reprocessing area,
there's not really a policy statenent. |It's really
the regul ations that are there, that we're expected to
use. Now maybe at one point, the conm ssion may want
to come forth with a policy statenment, but that's up
to them whether they want to say something about
maki ng reprocessing facilities safer than previous
facilities, or something like that. But right now,
we're really dealing with the regulations as they're
witten on the books.

So | ooking for, actually, the top I|evel
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regul atory criteria in really the three major areas
that the NRC regulates; it's basically licensing the
facility, certainly, the safety and security aspect is
significant, the effluents that were just described
before, what would be allowed, and then waste, the
types of waste that goes to the disposal. So you
have, for exanple, in this context, you' re having Part
50/ Part 52/Part 70, if that beconmes the case, in
actually the reprocessing facility itself, and Part 20
is really setting these dose limts, that then you
have to design your plant to neet.

The next bullet, of <course, is the
oversi ght of the operations, and that, of course, is
making what you license the plant to do, the
performance criteria, howyou regulate its operation.
And for reactors, of course, we have a whol e process

called the Regulatory Oversight Process, that does

that. You would have to envision sone simlar kind of

process for reprocessing facility. And, finally,
decomni ssi oni ng, and we heard a | ot about that
yesterday. And a lot of that thinking and thought
shoul d be able to be carried over to sonething |like
r epr ocessi ng.

Okay. Looking at one of the nore

significant regul ations, of course, is Part 51, and
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the Environnental |Inpact Statenment, so when an
applicant would come in for a license in order to
construct and operate a reprocessing facility, it
woul d have to subnit an environnental report. And
that report would have to conply with Table S-3. And
S-3 is rather interesting because what it does, is
tries to say here's all the disposition of all the

radi onucl i des that woul d come out of a 1,000 negawatt
electrical plant if it ran for one year. And the

scenarios it chose in those tables, and where it
partitions everything, depends on the fuel cycl e being
either once through or Uraniumonly recycled. So

right there, you'd have to revisit Table S-3, and say
well, what does it mean in the context of
reprocessi ng? So, certainly, that would have to be

sonmet hing that has to be revised.

Once the report cones in, the staff would
do an assessment and, essentially, wite an
Envi ronnent al | npact Statenment. Nowfor areprocessing
facility, of course, there's nothing specific for
reprocessi ng, so what would the applicant do when it
comes in and submts for an application an
Environnental report? WelIl, there was what's known as
GESMO - if | can go to that viewgraph right now - that

was done some years ago, that had a generic inpact
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statenment. Now what it |ooked at was, it nmade a few
assunptions - it said, first of all, by the year 2000,
we woul d have 507 pl ants runni ng, which we don't have
today, so it was quite an assunption back in those
days. But it said that if we went to MOX, how woul d
that change things with respect to its inmpact on the
environnment? And so what it | ooked at was the years
1975 to 2000, and said that we would go to,
essentially, 507 nucl ear plants operating by the year
2000, and we wuld look at different recycle
alternatives. And so, in that report, that generic
i npact statenent, they |ooked at three alternatives.
They had | ooked at Urani umPl us Pl utoni umrecycle, and
actually, there's nore to it than that, because they
| ooked at whether it was del ayed at sone point, and
the timng was inportant, so there was other
alternatives. Basically, it's the Uranium Pl utoni um
recycle, you would recycle that material. Then you
woul d have just Uraniumrecycled by itself, and then
no recycle.

And what they |ooked at was okay,
depending on what alternative you chose, how woul d
that alternative inpact the environment? And they
| ooked at key factors, including the plant effluents

that we were tal king about earlier, how would that
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change t he wast e gener at ed, t he occupati onal dose, and
t he non-occupati onal dose. So what did they find?

Actually, they found in the concl usion
which is in the bottom of the viewgraph, that there
was no clear preferred path or specified for the fuel
cycle option based on waste nanagenent alone. But
t hey noticed that, of course, that the various options
resulted in at Jleast three areas significant
differences inthe curies rel eased to the environment.
And, basically, for the no recycle, which would be the
strai ght-through once right to the nountain, so to
speak, versus other recycle options, you had Tritium
increasing by two orders of nmagnitude to the
at nrosphere, and Carbon-14 about a factor of three, but
Krypt on-85, approximtely three orders of magnitude
increase. And this would - for exanple, the Krypton
woul d be running frommllions of curies to billions
of curies, basically, in that assessnment, since at
that point, inthat time it was just being rel eased to
t he at nosphere.

But interesting enough, there was not
really any increase in the non-occupational dose.
Vell, there was an increase in the non-occupational
dose which quadrupled basically for the foreign

popul ati on, since what happened woul d be t he enornous
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nunber of people that would be exposed to very | ow
doses of radiation fromthe Krypton, but there would
actual ly be a decrease i n the occupational dose, since
there would be less mning, and mll tailings, and so
on, so the real concern was this large increase in
dose over | arge popul ations, basically. And that was
really part of the findings, the key finding fromthe
GESMO wor k that was done, and this is back in " 76.

Shortly after, EPA rel eased its standard,
and this is what you m ght consider to be a top | evel
regul atory criteria. They said that -- actually, in
that standard they specified the levels of rel eases
for the operation of the Uranium fuel cycle, which
nmeans over that fuel cycle, there should be certain,
not doses, but anounts of curies rel eased for Krypton,
as well as - well, let me put it - it's actually on
the next viewgraph you have. The Krypton-85, the
| odi ne-129, and the Plutonium and other mllicuries
that would be allowed to be rel eased over the entire
fuel cycle for a 1,000 negawatt electric plant. So
this was one of the major outconmes of the standard,
whi ch sort of set the stage then for the entire fuel
cycl e.

Vell, there were sonme nmjor issues that

were raised during those reviews, and three of them
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wer e t hat t he st andar ds wer e unnecessarily
conservative, since they were tal ki ng about col | ective
dose, and that they di sagreed over the need to control
Krypton-85, and the relationship between the health
effects and dose, and that was because of these very
smal | doses over |arge popul ati on areas.

So, in any case, EPA set that standard,
and there was, of course, two parts of that. One was
t he actual curies released, and the other one was the
dose to the nenbers of the public. And it said that
for the cycle, again, the 1,000 nmegawatt el ectrical
power per year, the whol e body dose should be |ess
than 25 rem thyroid 75, and to any other organ, 25
millirem sorry, millirem So with that said, that
sort of set the stage for the NRC regul ati ons, which
are contained now in Part 50, Appendix I, which is
ALARA for the light water reactor effluents, which was
actually tal ked about yesterday. And | think there

was a question on Ruth, where do these nunbers cone

fron? Well, it's coming fromthat EPA standard, which

then the NRC interpreted to nean for these various

rel eases of liquid to be less than 3 mllirem whole
body, 10 mllirem to any organ, and a gaseous
effluents of 5 mIliremwhol e body, and 15 milliremto

the skin. And then, finally, for the radioactive
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| odi ne and radi oactive material, less than 15 mllirem
to any organ.

Now t he reasons why they're | ower than 25
mlliremis, for a nunber of reasons, but the main
reason is for nultiple units at a site. For exanple,
you would have - this is per thousand negawatt
electric, so it would need to be sone fraction of
that. And, again, if one was to build a reprocessing
facility at a site with a plant, one would have to
consi der these doses to any nmenber of the public.

CHAI RMVAN RYAN: Just a quick point while
we're here. These doses are cast in |CRP-2 annua
doses franmeworks, not the current doses, so we don't
do organ doses, or thyroid doses any nore. It's total
ef fective dose equivalent, which is an integrated --

MR. FLACK: Oh, is that -- okay.

CHAI RVAN RYAN: So the nunerical val ues
here may or may not reflect what woul d be sel ect ed.

MR. FLACK: | see. Ckay.

CHAl RMAN RYAN: So they're very, very
different. They're actually based on dosinetry from
1959.

MR FLACK: Yes, so - and that's --

CHAI RMAN RYAN: It's just enough.

MR. FLACK: Yes, right. This is what's in

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

169

the regul ation today, so things need to be --

CHAI RMAN RYAN: Like 10 CFR 61, they're
out of whack.

MR. FLACK: Yes, they need to be
revisited. GCkay. So that's -- well, this would be,
then, the top level regulatory criteria, sincethisis
what i s being actually inpl enmented out there right now
by the NRC. kay. So the next part of that, the next
part of what regulations is covering that | wanted to
talk about, is the licensing of the facility itself.
And, basically, |looking at where the regul ations are
today, there's really one of three options that one
could use to license a facility, like a reprocessing
facility. It's to nodify the current regulations,
come up with a newrule, or to use the ongoing effort
in rule making to develop a technol ogy neutral
framework that could apply to this technology. So
this one just nentions, basically, the three kinds of
rules that are there now Part 50 is generally used
for licensing |light water reactors, but it is the rule
on the books right now that one would use to |icense
a reprocessing facility. Part 52 is nore of process-
type rule that helps expedite the |icensing of new
nucl ear power plants by conbi ni ng the construction and

operating license into one package. And then Part 70,
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of course, is the one that is used to |icense speci al
materi al s.

So | ooki ng at those that are on the books
today, there are certain pros and cons in using each
of these regulations. For Part 50, of course, there's
a |l ot of experience inlicensing space with using Part
50, but the conis it's primarily used for |icensing
light water reactors. | think what's inportant about
Part 50 is the structure it presents and the way it
processes the license in identifying, or the process
really flows from no what accidents you want to
protect against, what is the design criteria that you
want to use to defend agai nst those accidents, put in
pl ace, identify the systens, struct ures, and
conmponents that will be then nonitored with oversi ght,
under stand what source ternms woul d cone out of these
accidents that could occur at the plant, and then do
a PRAto assure that you' ve covered everything, and if
not, feed that back into the |licensing process. So
Part 50, although it doesn't require a PRA, per se, it
does require the identification of events and
accidents in the context of design-basis accidents,
and |l i censing-basis accidents, which in today's space
would rely strongly on a PRA. So even though it

woul dn't require a PRA for licensing, it would be
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surprising to have a plant go through the |icensing
process w thout one today. Everyone uses the PRA
today for these kinds of things.

Part 70 - Part 70 has experience with fuel
cycle facilities. They use what's known as an ISA to
do that sane kind of work, but it would require
substantial revision and, in fact, a change in
phi |l osophy, the way they look at risk in that
| i censi ng process.

Wll, let's nove on, because there was a
few comments nade on that |ater on. The other options
for licensing would be to develop a newrule. And, of
course, the advantage is that you could nmake it very
specific to reprocessing. The disadvantage, of
course, is it would resource-intensive to develop a
new rule. And, of course, the tinme nmay not fit in
with the schedules that DOE is talking about in
submitting the license application.

There is this other new framework that is
goi ng on under Part 53. The advantage, of course, is
that it is in the devel opnent stage, and one could
essentially go in there and how to accompbdate a
reprocessing facility, they would need to do things
differently, maybe, with the way they're doing that

work. But, again, it talks about working with the top
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level regulatory criteria, and then from that
i npl enenting in the Reg Gui des what it woul d take, as
it would apply to specific designs or technol ogy.
Again, right now, this is only for reactors, so it
woul d be sonething that would have to go into that
process.
Ckay. As | nentioned, there is a

difference, rather significant difference, | think

and the commttee had thought sone years ago, about

| SA and PRA. And, in fact, the ACNWwote a letter on

this in 2002, and chall enged the staff on its decision
to use | SA nethods to risk-informactivities, rather
than to enploy PRA nethods directly. And they
guestioned the effectiveness of | SAleadingto desired
outcones. And, basically, what are those desired
out cones?

Vel |, those desired outcones are really,
agai n, to understand what ki nds of events can occur at
a plant, be able to defend against those kinds of
events in some way, shape, or form using safety-
rel ated equi pnent, or equi pmrent that would be under
sone category of surveillance. And then to understand
what risk nmeant to the public, and nake deci sions on
using that type of information.

There were sone recommendati ons t hat cane

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

173

out of that letter for the staff to nove to a
guantitative risk assessnment. Basically, one of the
t hi ngs they commented on, the conmittee at that tineg,
was that it didn't treat dependent failures, and those
that are famliar with PRA know that that's a ngjor
contributor to risk, and the way things are nodel ed,
and dependenci es are treated. And, of course, getting
back to the point that | was just making about the
aggregated risk, or the full risk perspective, and
being able to make decisions on that. And then, of
course, the treatment of uncertainties. Uncertainties
are a very inportant part of the PRA, and how you
treat them in defense-in-depth and other ways is a
very inportant aspect that is not being considered in
ot her nethods, such as |ISA. Now you coul d, naybe,
account for it in some way, but at this point, the way
the PRA uses them it's a very formal process, and a
very inportant part of the PRA process.

Okay. One other part of the regulations
actual Iy di d change because of West Valley, and that's
Appendix F in Part 50. And that had to do with al
the situation that evolved in Wst Valley intrying to
decommi ssion the plant, the facility. |In fact, what
were the nunbers? Oiginally, it was estimted that

to deconmm ssion West Valley would be $4 mllion, and
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so far it's up to $2 billion, so the agency at one
point felt that sonething needed to be done, and so
they actually put in Appendix F to try to prevent
t hi ngs t hat have happened there, fromoccurring inthe
future. And, of course, one of themis being
sensitive to the high-level waste issue, the liquid
waste, and that limt it to five years, solidification
of the waste, and transfer the waste to a federal
repository within 10 years. And, also, the waste only
bei ng deposited on | and owned and controlled by the
federal government was added. And | thought the
fourth bullet was much in |ine of what we tal ked about
yest erday, which needs to be done now, and that is,
t hat t he desi gn obj ectives al so facilitate
decomi ssioning. And then there's a question of the
financial qualifications of one going into that
business. So this is also an inportant part of the
regul ati ons that has been put in place that
specifically address reprocessing.

Okay. Just to summari ze sone of the high-
| evel areas for the conmittee to focus on as the
agency goes forward in licensing, regul ati ng,
reprocessing facilities, the first, of course, is what
i censi ng approach is the best approach. And if PRA

beconmes part of that process, then should there be
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sonme safety goal s associated with that, goal s that the
agency should try to nmeet, or have the licensee try to
neet. And, although, safety goals aren't necessary -
| mean, there are several international countries now
that are using PRA in their process that do not have
safety goals, and see the benefit of using the PRA

alone in their decision making, is an i nportant piece.

The other is the integration of the
standards into the NRC regul ati ons, and that goes back
to what the EPA standard says today, and how that
woul d be applied in the context of our regulations to
reprocessing facilities. And this has to do with the
i ssues that were discussed earlier about em ssions,
and so on.

And, finally, the design criteria for
decomi ssi oni ng, the guidance that would need to be
devel oped for that, and what t he expectati ons woul d be
as far as the agency is concerned. So am!| on tine?
| guess I'mrunning a little late, but | think that
puts ne back to you, Ray.

DR. WMER: Wl |, thanks, John, that was
very good. And |I'msure that that was what people
came to hear. The ACNW nenber who is responsible for
overseeing the consultants in preparing this

presentation and the paper, Wite Paper, is Alen
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Crof f, and he's been very diligent keepi ng our nose to
the grindstone with respect to what is the specific
- people who know Al en know that that's what he's
good at.

VICE CHAIR CROFF: | had a good teacher.

(Laughter.)

MR WMER He said, "You have severa
objectives, but the real objective, first and
forenost, is that you want to tell ACNW what things
they ought to look at in order to prepare a letter to
the Conmi ssion.” There are other things, of course,
that are provided -- a resource paper for the staff at
| arge, or maybe you're not an expert in reprocessing
one, or sonething about it.

But mainly this is -- you know, Allen has
been hel pful in producing thislist. Fifty percent of

the criticismthat you have with it shoul d be directed

at Allen.

(Laughter.)

Vell, these are sonme of the suggested
i ssues for ACNW consideration. Under the -- |'ve

broken theminto technical and regulatory. The things
that you' ve got to pay attention to in your letter and
provi di ng sone guidance on how to deal with these

t hi ngs are managi ng t he of f - gases, the i odine tripton,
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carbon-14 as it is present in carbon dioxide, and
tritiumas it is present in gas and in tritiated
wat er .

And sone of the issues that you need to
consider are: what are the appropriate neasures of
risk involved with these things? Wat are the
accept abl e technologies? |1've listed a couple things
here. But these are enbryonic. There are ways of
stabilizing -- separating and stabilizing the noble
gases -- krypton, xenon -- but they have not been put
into | arge-scale practice, and the sanme thing is true
of these two. In iodine, | mentioned there's a real
probl em

What are you going to do about cesium and
strontiun? Are you going to just set it aside and
wait for it to decay for 300 years or -- so it's an
easy to manage problen? O just what are you going to
do? And how about the uraniun? |f you recycle it,
what -- if you dispose of it, what do you do? How do
you nmanhage it?

Next .

So additional technical issues that we
think that the ACNWmM ght want to think about is there
will be large volunmes of sone of this waste. There

will be a large disposal cost. It'll be -- in
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general, it's going to be a problem | think one of
t he | at ent 800-pound gorillas waiting to be spawned i s
there's very large volunmes of fairly | owlevel waste.
You know, really not enough attention has been paid to
it, in ny opinion.

Then, there will be sone very different
ki nds of waste. Wien you get into pyroprocessing,
when you operate the fast breeder reactor or burner
reactor, it operates using atotally different kind of
system not an aqueous systemat all but a pure salt
system

And it produces wastef orms whi ch have not
been certified, have not been qualified, and which
Argonne National Laboratory, who is the lead in this
area, are nore or |less saying, "W know that, and we
think we can get people to go along with these
wast ef or ns as bei ng acceptabl e and certifiable."” They
al rost have to. Oherwise, it can't use their
pr ocess.

And what are the issues related to
saf eguards? You need to pay sone attention to that.

Next .

W're not telling you what to do. W're
telling you things that you need to |ook at on the

regul atory side of the house.
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You have just heard a | ot about this, of
course, fromJohn, but which ones could be used? And
if you use it, what changes woul d be needed? O do
you want to di scuss t he advant ages or di sadvant ages of
going to new regul ations, nuch as was done for the
Yucca Mountain repository? You know, you just ginned
up sone whole new regulations to deal specifically
with Yucca Mountain. WeIlIl, that sane thing could be
done with reprocessing.

And then, to what extent should there be
determnistic, and to what extent risk-inforned?
There are two canps here, even within the NRC on, how
far do you go fromdetermnistic to risk-inforned, and
are you |l osing nore than you're gaining in sone cases
by going to risk-informed? So that's an issue that
needs to be addressed, we think.

And then, what are the inpacts on other
regulations? |'ve listed a couple here. |Is the
cl assification system adequate, or do you need a new
one? These ought to be -- you ought to think about
it.

And is there another one? |s there one
nore there? Yes. This whole issue is related to
decommi ssioning. That's a -- that's kind of a new

one, and you're getting into the province there of
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telling the plant designers howto design their plant.
And you can certainly regulate that, you can do that,
but you've got to be very careful, because they wl|
-- they will resist that, in ny judgnent, and it has
to be done in collaboration with them

So you get sonmething that really is a good
bal ance between what the regulating agencies think
shoul d be done and what the plant designers think can
be done econonmically and reasonably in the way of
designing their plants with respect to ease of
decomi ssi oni ng.

What kind of regulations do you want on
ef fl uent rel eases? And how do you bal ance the risk to
cost or technology linmtations? DOE s position at the
present time is we'll tell you what can be done, and
that's what you will approve, because you can only do
what you can do. And that may be okay, provided what
they can do is good enough. So that's sonething you
need to spend sone time wth.

And | think that's all that | have. W're
running a little bit behind here.

MR. FLACK: You just mentioned the sinple
ones, right?

MR WYMER Yes, | don't -- down in here

to the son of GESMO. That's Allen's phraseol ogy.

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

181

And, of course, you heard about this from John. |
think that's all that we have.

MR FLACK: Yes, | think that kind of
waps it up. So why don't |, at this point, turn it
over to Allen.

VI CE CHAI RMAN CRCOFF: Thanks. G eat | ob,
like drinking froma firehose, but you nade it just
about in the allotted tine. | think we started a few
m nutes | ate here.

"' mnow going to go to the questions, and
|"d Iike to suggest we start by each Conm ttee nenber
taking up to 10 m nutes and aski ng what ever you want
to ask of whonmever you want to ask. |If we have a
l[ittle bit nore tine at the end, then we'll go around
again, or allow sone follow up.

Ji n®?

MEMBER CLARKE: Thanks. Thank you. That
was a very interesting presentation. |'m peddling as
fast as | can as well.

Ray, you nentioned that one of the key
drivers for GNEP, and | certainly agree with that, or
it should be a key driver, is extending the lifetinme
of Yucca Mountain or anything that has the intent of
Yucca Mountain, and that that would be done through

t he separati on processes, and then using fuel againin
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ot her kinds of reactors, fast reactors, and naybe
using it again. | don't know how many times you can
do this.

But given the inportance of that, and the

val ue of that, have there been any cal cul ati ons -- and
| guess you'd have to nmake sone assunptions -- but
what would -- and | guess you'd want to do it on a

mass basis, so would a mass reduction be if what --
what goes to Yucca Mountain now or would go to Yucca
Mountain now versus what would go if this were
i npl enented and successful ?

MR. WMER: The estinmates are at |east a
10-fold increase in the storage capacity. Ri ght now,
it's at a total capacity of 70,000 nmetric tons of
initial heavy netal, and, of course, 10 percent of
that is DOE waste versus conmercial waste. The
horseback estimate is a 10-fold increase in the
storage capacity of Yucca Muntain.

MEMBER CLARKE: And does that take into
account all the waste, the high-level waste streans
that would have to be vitrified as well?

MR WYMER:  Yes.

MEMBER CLARKE: It does, okay.

MR WYMER:. M understanding is it's all

pretty --
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MEMBER CLARKE: The regul ation is based on

mass, but --
MR WYMER. -- pretty enbryonic --
MEMBER CLARKE: -- there are vol une
consi derations, too, | guess.

MR WYMER: Yes. But anyway, it's a
significant increase.

MEMBER CLARKE: And what assunptions, do
you know?

MR WYMER | don't know, and | don't
think that you can know it better than plus or mnus
a factor of two sitting here today, but that's --

MEMBER CLARKE: How many - -

MR WYMER -- that's a nunber that |'ve
seen, is --

MEMBER CLARKE: How many passes do you get
at it, at sonething like this?

MR WYMER: Well, if | can take just a
second, there are several ways that we haven't even
t al ked about here that you can deal with these issues.
For exanple, by putting lightwater reactors in tandem
with heavy water reactors, you can sort of get
everyt hing but the squeal out of the fuel.

And the South Koreans, in collaboration

wi th the Canadi ans, has conme up with what they call a
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dupi ng process whereby you burn up the fuel as far as
you can in a lightwater reactor, then you chop open
the fuel, you heat it up to about 400 degrees
Centigrade. That causes the fuel to fragment.

Vol ati |l e gases cone off, which are high cross section
things for the nost part.

Then, you refabricate that fuel into a
fuel that you put into a heavy water reactor, whichis
a nore efficient burner. And that could be an
i nternedi ate step stuck in, you know, before you goto
this reactor burner. So there are pernutations and
conbi nations that haven't even been discussed here,
and have not been di scussed nuch internationally, but
whi ch peopl e think about.

So it's a hard question to answer, Jim

MEMBER CLARKE: | understand. |
under st and.

MR TAVLARI DES: Can | nake a conment ?

MR WYMER:  Yes.

MR. TAVLARIDES: | was just |ooking at
this table that | gave you about the origin data for
the 60 gigawatt per day per netric ton. And it's
interesting, if youlook at the anmount of urani umt hat
is --

MEMBER CLARKE: |'msorry. Wich slide is
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that, Larry?

MR, TAVLARIDES: It's 25.

MEMBER CLARKE: 257

MR. TAVLARIDES: So if you | ook at the
uranium right in the center, okay, thisis -- if you
have one netric ton of material, the uraniumthat, if
you can recover it all, is 923,000 grans. So you have
recovered about 93 percent. You had the plutonium
you' ve got about 93 percent of the mass of the fuel
that is there that you can recover and put back in.
So that's not going into the repository.

MR WYMER: Right. Yes, nost of it would
be uraniumin the current plan, yes.

MR. TAVLARI DES: Exactly.

MEMBER CLARKE: Ckay. Thank you.

VI CE CHAIRVMAN CROFF:  Jim let ne try and
help that just alittle bit. Right now, what you can
put into the repository physically is limted by heat.
| mean, you've got these tunnels and they' re spaced
wel | apart to get the heat out. After you take out
all of the actinides and the cesiumand the strontium
thereis very little heat left, so you can really pack
it in. And it's just much cl oser together.

MEMBER CLARKE: That's a good point,

Allen. | realize that. 1've just been thinking the
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thermal load is really the --

VI CE CHAI RVMAN CROFF:  Yes, and that's what
really allows it. You know, | mean, at some point,
getting the uraniumout would then becone inportant,
because of volunme considerations. But it's the heat
removal that's inportant.

MEMBER CLARKE: If | could ask one other
gui ck question. The RFPs that are going out for the
denonstrations that will be done, they will be done at
existing facilities. Wat are the --

MR WYMER No, that's a big politica
f oot bal | .

MEMBER CLARKE: Are you talking about --

MR. WMER:. People in Idaho Falls want to
build a newfacility out there for the denonstrati on.
There is already a facility built and has never been
occupied at Oak Ridge National Laboratory which is
called a TURF facility. It was originally designed
for the uranium 233 thorium fuel cycle, which has

large hot cells and waste-handling facilities and

could be used in this -- within six nonths they could
have equipnent in there and -- part of it, and
runni ng.

But there is a strong political push to

put the whole thing -- build a whole new facility out
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in Idaho. So that issue is an issue.

MEMBER CLARKE: Ckay. | understand.

VI CE CHAIRVAN CROFF: Can | clarify that?
" mnot sure -- are you tal ki ng about a denonstration?

MR WYMER  Yes, the denobnstration

VI CE CHAI RMAN CROFF: Ckay. He's talking
about the smaller denonstration facility that may or
may not be hel ped.

MR. WMER: That may or not come to pass,
woul d that --

VI CE CHAI RVAN CROFF: That's right. The
cormercial facility is going to be a big, green
bui | di ng.

MR WMER  That's a | ong way down the
road. Yes, that's a whole new deal

MEMBER CLARKE: And one ot her quick one.
You di dn't say anyt hi ng about hydrogen generati on, but
is that still on the table? There was to be a
denonstration at Ildaho at a high-tenperature gas-
cool ed reactor hydrogen generation. Is that still in
the plan, or --

MR WYMER. Well, it's still -- it's part
of the Bush adm nistrative initiative, you know, to
repl ace fossil fuels with hydrogen sonetine in the far

di stant future. That's based on thernochem cal cycles
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rat her than el ectrolysis.

MEMBER CLARKE: Right.

MR WYMER And there are several

processes that have been considered that require
tenperatures that you can only reach in high-
t enper at ure gas-cool ed reactors of the graphite type,
because you've got to get up to 800 or 900 degrees
Centigrade in order to break water into hydrogen and
oxygen wusing chemical internmediaries as sort of
catal ysts.

MEMBER CLARKE: | guess | just wondered if
t hat denmonstration is still on the table.

MR WYMER That -- it has not reached the
denonstration stage yet. It is -- they are still
| ooki ng at a variety of processes, and Argonne has put
together a sort of protocol that -- a yardstick that
they use to neasure these two or three conpeting

t hernochem cal cycles with respect to feasibility

first, and then econom cs, and then -- well, there can
be industrialized -- this sort of thing.
So any process that will eventually be

denonstrated has to pass through this screen that
Argonne has fabricated. It's a very reginented and
stylized procedure that you put these processes

t hrough t hat nmeasure t her modynam c ef fi ci ency and heat
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loss and the whole -- everything you do in an
engi neering study of such a thing. So it's far, far
froma denonstration at the present tinme, Jim

MEMBER CLARKE: Okay. Thank you, Ray.

MEMBER WEINER: |'d like to start with a
couple of observations. The first, | was very
interested in your description of the graphite
spheres, the pebble bed spheres. The full graphite
sphere that has the little ones enbedded i s about the
size of a tennis ball, and the PBMR in South Africa,
which |I'm surprised you didn't nention, circulates
t hem and then drops them out when they're done.

The other observation 1is that the
transuranic waste is, of course, currently stored in
the waste isolation pilot plant, and the limt on that
is a policy. |It's constrained only by policy. The
Act says it has to be defense-generated, but there is
no technical limt. They could always excavate nore.

MR WYMER. | think that's right, yes.

MEMBER VEI NER: Now, the questions | have
is -- oh, finally, another one, it's nmy understandi ng
that to get the conplete factor of 10 reduction you
really need the generation four reactors that burn up
t he acti ni des.

MR. WYMER: That's exactly right.
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MEMBER VEI NER: Yes, | just wanted to

clarify that. |Is the programusing the informtion

t hat has been gained? |In some of these areas you have
-- we have Fort St. Vrain, we have the PBMR, we have
EBR 1 and EBR 2, and the FFTF. And all of these
address one or another facet of this. [Is that

i nformati on bei ng used?

MR WYMER  Yes, it is. It is being
i ncorporated very well | think, and | just heard the
ot her day that the FFTF, which has been sentenced to
death three or four tines, is -- has been reincarnated
and - -

MEMBER VEI NER: | thought they had started
to drain the sodi um

MR WMER  Well, there is sone left in
t he bott omthey haven't sucked out yet. So it nay yet
be reborn.

MEMBER VEINER: Wth EBR 2, there is --
was a process to recover all of the uranium 1Is that
being | ooked at at all, that you can recover the
uranium put the rest of the actinides in a pellet,
al though you can segregate those, and the fission
products go into salt, is that being utilized at all?

MR WYMER: Well, as you have indicated,

it was -- there was a reprocessi ng denonstrati on done
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on the EBR 2 fuel out at lIdaho Falls, which was a very
successful operation. That is the only |arge-scale
denonstration of this nolten salt reprocessing that
has really ever been done, and it was successful, in
fact.

MEMBER WEINER So that is being
incorporated into the --

MR WYMER  Yes, indeed.

MR. WYMER: -- because that was managed,
as you probably know, by what we call Argonne East at
the time. And the people at Argonne East, nanely Jim
Layl er and conpany, are sort of |eading the charge on
this whole GNEP initiative and recycle initiative. So
you would expect that their technol ogy woul d be
incorporated into the thinking, and it has been.

MEMBER VEINER: |'ve forgotten now who
di scussed the doses, the reduction in dose. Ws
t hat --

MR FLACK: That's ne.

MEMBER VEI NER:  When you | ook at doses
fromm ning, do you count the fact that now uraniumis
being mned by in situ leach mning, and there's
virtually no dose at all to the workers?

MR FLACK: Well, | assumed it woul dn't

have been that way back when this study was done --
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MEMBER VEI NER:  No, but --

MR FLACK: -- back in the '70s. So that
may change t he nunbers.

MEMBER VWEINER: But if the study is
updat ed - -

MR. FLACK: Right, | would think that that
woul d have to reflect that fact.

MR WMER: Well, the problem-- if | may,
the problemwi th that, Helen, is that there -- the way
to do in situ leaching is very limted. You have to
have very specific conditions. For exanple, you have
to have a hard rock pan under the deposit, so that the
acid or base you put in it doesn't go to China. You
know, it's -- wind up in the groundwater that people
have to drink

So the fraction of the uranium which is
recoverable by in situ |eaching, while it's
significant, is a mnor part of the uranium ore
recovery issue.

MEMBER VEINER It's our understandi ng
that having this -- gone to the National M ning
Associ ation neeting -- is Latif here? | guess -- yes.
That nost of the uraniummning in the United States
at the present timneisinsituleachmning, isn't it?

MR WYMER: | woul d not have thought so.
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|s that the case, Latif?

VEVMBER VEI NER: But it's -- | nmean, it's

CHAI RVAN RYAN: It would nore inportant --
the plans forward are for in situ leach, which is a
surprise but true. Even though the recoveries are
perhaps |ower than hard rock mning, it's so much
easi er and so wast e-desirabl e that they are goi ng t hat
rout e.

MR WYMER:  Yes.

CHAI RVAN RYAN: And all those that have
expressed interest have tal ked about in situ.

MR. WNMER: | knew that that was the plan,
but | did not know that was the chief way these days.

MEMBER VI NER: In fact, they tal k about
going back to hard rock mning as a sort of |ast
resort for urani um

Finally, | don't quite understand what you
nmeant, Ray, by truly -- thereis notruly stable inert
formof iodine. Are you thinking that the iodides
di ssol ve, which they --

MR WYMER: | odi des di ssol ve.

MEMBER WEINER. Okay. So you don't
consider that stability.

MR WYMER: No, it's certainly --
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VMEMBER WEI NER: | nmean, it's a stable

cheni cal conpound.

MR WYMER: Yes, | would |like something
i ke borosilicate glass, you know, that doesn't --

MEMBER VEI NER:  Ch, okay.

MR, WYMER: -- that doesn't go anywhere
when you hit it with water.

MEMBER VEI NER: (Okay. How do you trap
krypt on?

MR. WYMER: The krypton can be done a
couple of ways. One is you just trap it as a gas, and
you conpress it.

MEMBER VEI NER:  Ckay.

MR WYMER  And another is that -- that
has been proposed and has been denonstrated on a snal
scale is you can ionize it and shoot it as a plasm
into a surface of a netal where it's incorporated
actually beneath the surface of the netal, and it's
firmy fixed. So that's another approach.

MEMBER VEI NER: That's very interesting.
Finally, | have one nore, how are we going to conpete
with the Russians if they are ahead of us?

MR WYMER: We've got nore noney.

(Laughter.)

MEMBER VEI NER:  Ckay.
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VI CE CHAI RMAN CROFF: Ruth, | wasn't sure

whet her Ray's response on the krypton got to your full
guestion. Wre you asking how it was recovered or the
wasteformfor it?

MEMBER VEI NER:  No. | was asking, if it's
a wasteform how do you actually trap it? And he
responded to that.

VI CE CHAl RMAN CROFF:  Ckay. M ke?

CHAI RVAN RYAN: |'m a believer on iodine.
There's no such thing as solid iodine. It goes
wherever it wants to go.

W had a briefing some nonths ago on the
overal | process, particularly from the waste
generation point of view Let's see, it was done by
Andy Giffith fromDOE. And | struggle with one of
his charts where he showed uranium oxide waste as
Class C waste, and iodine --

MR WYMER |'ve also seen that --

CHAI RMAN RYAN: -- iodine waste is high-
| evel waste, tritiumwaste is high-level waste.

MR WYMER  Yes, it's --

CHAI RVAN RYAN: -- and | -- it led nme to
this question. The devil is in the details on what is
separated from what at each one of the maybe 2, 000

boxes that we're going to end up wth.
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(Laughter.)

MR WYMER: It nay have | ooked that way,
M ke.

CHAI RMAN RYAN: I n all seriousness, that's
where the waste generation is going to be deternined.
None of these processes are perfect. And urani umthat
contains sonething that could nake it Class C could
also make it true or could also nmake it high-I|evel
waste based on how nmuch of the devil is in that
particul ar detail.

So | struggle with the fact that this is
not going to be as clean froma waste nanagenent
standpoint as we mght like to think. It could be
better in sone regards; it could be nore troubl esone
in sone regards.

MR. WMER: Yes, | think you're absolutely

right.

CHAI RMAN RYAN: That's a caution | throw
out here.

The second caution | throw out is -- and
| don't know the answer to this question -- but |

woul d be curious to know how rmuch plutoniumin the
formof MOX fuel elements we're going to produce, and
whet her or not we have enough reactors inthe world to

burn this MOX fuel, because if we don't have a ready
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way to burn it, there's going to be an inventory of
pl ut oni um

It's just going to be in a slightly
different form and that -- you know, |I' mwondering if
we're really solving a strategic or a safeguards
issue. Unless you really understand the flow rate of
-- and | don't know how nmuch pl ut oni umgoes i nto a MOX
fuel elenent and how nany MOX fuel el enments can you
burn in a conventional reactor per year, and so forth.
That flow rate has not been clarified to anybody.

MR WMER Well, the rule of thunb I'm
famliar with -- this may be out of date -- is that up
to one-third of a lightwater reactor can be fueled
with MOX fuel. And Allen probably knows nore about
this than anybody el se in the room

VICE CHAIRMAN CROFF: | think it's
reactor-specific. Some reactors can't handl e nmuch at
all because of control rod issues and this kind of
thing. But let me back up to a higher |evel question
t hat bears on this.

CHAI RVAN RYAN: Well, | won't ask that
one, then. 1'll |eave that one.

(Laughter.)

VI CE CHAI RVAN CRCFF:  When | renenbered

| ast, DCE was not planning to recycle plutoniumor the
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actinide product in LWRs.

MR WYMER: That's right.

VI CE CHAI RVAN CROFF: They were going to
hold it 1in anticipation of the advanced burner
react or.

CHAI RVAN RYAN: Now, that's ny next
guesti on.

VI CE CHAI RVAN CROFF: So what you can do
in a LWR doesn't make any difference.

CHAI RVAN RYAN: The LMFPR in the United
St ates perhaps failed for nore political reasons than
techni cal ones. But Phoeni x and Super-Phoeni x are not
operated. And as far as | know, fast reactors and
burner reactors, which is a fast reactor by a
different nane, don't exist.

MR. WYMER: Russia has a coupl e.

CHAI RVAN RYAN: And they're working well,
or not so well?

MR WMER Last | knew, the BN 600 was
wor ki ng, but | don't try to keep up with it.

CHAI RVAN RYAN: So | wonder why the burner
reactor concept isn't nore prevalent at this point.
Again, |1'm asking questions that | don't know the
answers to, but --

MR WMER: Wiy isn't it discussed nore in
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-- because it's -- nmainly because it's farther down
the road, and | think the NRC |icensing problemthat
will hit themfirst by a substantial tine margin will
be lightwater reactor fuel reprocessing using one of
t hese advanced processi ng net hods.

CHAI RMAN RYAN. But the burner reactor
al so had sone i nherent material science questions and,
you know, we end up with netallic sodiumis the best
ki nd of cool ant and heat transfer nmedium and that has
its own headaches. And the neutronics are not exactly
the same. | mean, the delay fractions are shorter,
and control circuitry has to be tighter, and, you
know, there's lots of interesting and challenging
probl enms, but | wonder, you know, if all of that is
wor ked out or if there has been advancenment in those
ar eas.

MR WMER: It is not worked out, and part
of what DOE is trying to come up with nowis in the
short terma reactor that they can use to take smal
anounts, however nmuch they can get out of these nm xed
actinides, and determ ne their burnup characteristics
in a fast flux spectrum They're casting about, and
several people have sort of offered up reactors to do
this.

The Canadi ans have offered up a reactor
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they think can be used for this. The French are

saying, "We'll stoke up one of our fast reactors and
doit." O course, the FFTF is now, as | nentioned
earlier, rearing its head. So there is -- there are

neutronics --

CHAI RVAN RYAN. We're on the | eadi ng edge
of a research effort rather than a -- we're ready to
build on that.

MR WMER. That's right. The neutronics
are still to be determ ned, yes.

CHAI RMAN RYAN: Yes. | guess the |ast

ki nd of global point I'd offer is any country that is

reprocessed in this magnitude -- and | take the nunber
of -- you know, we're building one bigger than any --
than the --

MR. WYMER: Li ke al ways.

CHAI RMAN RYAN: Every one of those
countries has a nmuch nore conplex waste nanagemnent
regul atory structure. That is, they have internediate
| evel waste, high | evel waste, and | ow | evel waste.

MR. WYMER: They do have internediate
| evel waste categories that they --

CHAI RMAN RYAN: Wth different disposa
schemes, and so forth, than we're tal king about. And

| wonder -- you know, | -- as | sit and think about

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

it, I can envision ways where our current scheme could
work, but it's going to take a nuch nore fl exible and
interpretive approach to how you deal with high and
| ow | evel waste and the waste classification system
or you could say, "Wll, we really do need to becone

nore formal and create sonmething in the mddle." |

don't know that -- again, | don't know the right
answer. |I'mjust offering this up to --

MR WYMER: | suspect --

CHAI RVAN RYAN: -- see if these are issues

we should explore in the white paper.

MR WYMER: | think maybe you shoul d.
think -- well, | don't know about the white paper, but
| think that it's going to be an iterative process.
As DCE gets farther along in their devel opnent of work
and their studies, both in the burnup reactors and in
devel opi ng processes, determ ni ng what t he separati ons
-- how good the separations are of these various
t hings, whichis what we're waiting for the answers on
on these runs.

This will -- as these answers cone out,
this will provide input, | think, for the NRCto sort
of continually reassess and refine what they are
proposi ng, what their regul ations are. There probably

shoul d be sone latitude built into their regul ations
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that allows them to accommbdate as yet undeterni ned
i nformation.

CHAI RMAN RYAN: A couple of final points.
One is there's a nunber of these kind of economc
studies from the Boston group and others that have
| ooked at this system and have kind of given it a
t hunbs up as maki ng sone econoni ¢ sense. And, again,
with all of these other questions, not only the
techni cal issue swings, but there are swings in the
finances of all this.

MR WYMER  You bet.

CHAI RVAN RYAN: So | woul d just naybe cast
one little at least curious eye on sone of those
projections. And the final is is that, you know, a
lot of the witeups on GNEP and on these kinds of
approaches have GANTT charts where starting and end
dates are shown as exact dates and nonths over a 40-
year peri od.

MR WYMER: W always do that. W al ways
do that.

(Laugher.)

CHAl RVAN RYAN: But --

MR. WNMER: W were supposed to be done at
4: 00, you know.

(Laughter.)
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CHAI RVAN RYAN: Okay. Well, and again, so

all of these points I'mraising you woul d consider to
be at |east food for thought for exploration in the
whi t e paper.

MR WYMER:  Yes.

CHAI RVAN RYAN: Again, I'"'mnot trying to
answer them today, but | think they are -- they are
valid points to maybe pursue.

MR WYMER: Yes, | think the issue of how
far i nto deconmm ssi oni ng does the NRC get, and how f ar
into plant design for proliferation resistance and
this sort of thing do they get? This is a touchy
issue that you'll get some -- sonme kickback from
i ndustry on.

CHAI RVAN RYAN: And that's fine. But, |
nmean, the time to maybe westle with some of these
i ssues and explore thema little nore fully is now
rat her than | ater when we get sonet hi ng up and runni ng
and we're not sure howto fix it.

MR. WYMER: You're right.

CHAI RVAN RYAN: And I'msorry to tell you
how -- that nobst of the Barnwell facility has been
pretty nuch chopped up and sold as scrap, except for
the one large concrete structure, which is also

internally pretty beat up. But it stands as the | ast
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testanent to the effort in Barnwell.

(Laughter.)

MR. LARSON: M office is gone.

CHAI RMAN RYAN: No, actually, it's --
well, there's one of themin there, the one in the
pl ai d.

(Laughter.)

MR. LARSON: Just a question. | thought
we weren't really supposed to address safeguards in
any detail as -- not only in this Commttee, but in
this paper. | think we talk about it, you know, in
few pages of the --

CHAl RVAN RYAN: And that's fine. | was
just trying to get an understanding of the flow rate,
because when you start -- you know, | nean, MOX fuel
-- as you well know, in South Carolina, came in and
went to Duke Power, and that was kind of an issue in
the fuel elenment just traveling along up to one of the
Duke powerplants where they're in the core now, |
under st and, sone test elenents | think.

So | just wonder, as we consider all of

that, how that would --

MR WMER | think it's --
CHAl RMVAN RYAN: -- as storage or --
MR. WYMER: | should have said "safety"
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rat her than "safeguards,” in the design of the plant
Howard. How nuch of that do you build in.

CHAI RMVAN RYAN: Right. And ny questi on,
really, is one of just material flow. How nuch
pl ut oni um are you going to burn per year in reactors
that use MOX fuel, versus how much do you have in
inventory or material that you're going to make into
MOX fuel, and, you know, where are those materials
stored, and, you know, how does that flow-- the flow
t hrough t hat system work?

So thanks for the discussion. |
appreciate it.

MEMBER HI NZE: Well, I'lIl try to ask a
coupl e of pertinent questions here, and that's not
easy. |'Il focus on the suggested issues for ACNW
consideration. 1'd like to ask a very generic
guestion. Wiat are we going to receive in the white
paper ?

Are we goi ng to have options presented to
the Conmttee related to these various issues, and
then, we will work from those to lead to what is
finally in the white paper? How is that going -- what
are we going -- what nore kind of detail are we going
to see about each of these issues com ng out of the

whit e paper specialist?
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MR WYMER: There will be sone di scussion

of them Bill, and depending on the particul ar issue
you will get nore or |ess useful information.
MR. FLACK: | think what the real purpose

of the white paper is is to kind of flesh out what the

issues are. | don't think the paper should explore
too nuch as to what -- you know, |eading to one nore
or the other. | think it's nore or less to try to

identify what's there and the basis of why it's there.

But | guess, is that --

MEMBER HI NZE: Yes. So the Committee wil |
not be suggesting courses of action regarding any of
these. But it will just |ook at the range of --

MR. WMER: Unl ess there's sonething that
really just junps out at us, Bill, that says --

MEMBER HI NZE:  Okay.

MR WMER -- you really ought to
consi der, you know - -

MEMBER HINZE: |'mjust trying to get a
feel for how much nore information we're going to be
getting on this. Let ne nove on, because you' ve
al ready taken up too nuch of ny tine.

(Laughter.)

One of the itens that | don't see here is

the process of selecting a site. And it seenms to ne
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that is --

MR. WYMER  The process of what again?
"' m sorry.

MEMBER HI NZE: The process of selecting a
site. And | didn't say "site characterization" yet,
because t here m ght be such an action as, for exanple,
vol unteer sites that will cone along the pike. And
that would be the nobst opportune of the various
options you can think about. And one m ght think
about the incentives for that.

And then, there's site characterization.
| mean, if | think of -- if | think of Wst Vall ey,
and -- oh ny gosh, if |I think of West Valley and site
characterization, or Morris, you know, | think that we
have Jlearned an outstanding anount about the
regul ations regarding site characterization as a
result of our efforts with Yucca Muntain. And
woul d li ke to see site characterization as well as the
process of a site specification as fairly heavy itens
her e.

| also wonder as | look at this is, what
kind of handling facilities -- those of us that think
Yucca Mountain are currently in the process of
t hi nking a great deal about handling facilities and

t he whol e pre-closure situation. That, | think, is a
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-- sonething -- we're going to see different forns
here. You know, do we want to put the borosilicate in
a TAD? Do we have to put it in the sane TAD, or can
we just put it out there in a virgin way?

There are certain problens there that |
t hi nk woul d be extrenely inportant for this Conmttee
to identify and try to | ook at.

One of the things that bothers ne very
much about West Valley is this co-location of storage
sites with the reprocessing. This, of course, has |ed
to all kinds of problens, as we all know, at West
Valley. And | think that there should be some thought
given to this -- how nuch co-Ilocation

When | see a storage of a 10-year peri od,
a 10-year supply on a site, | guess if | were on the
City Council of Wst Lafayette, Indiana, | wouldn't
really encourage us to volunteer a site. Wat |I'm
saying is that there should be sone thoughts as to
really how nuch storage of waste that there is going
to be on the site.

And | was thinking about this |owlevel
waste, as all of you were tal king, and then you
brought it up, Ray. And | think that that -- you
know, that may be the 800-pound gorilla in this whole

situation. And it's not only the fact that we have to
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have a place to put it, but, you know, do we really
want to ship this, as we heard yesterday, 2,000 or
3,000 miles? This is going to have an inpact -- the
| ocation of |owlevel waste sites.

So this whole business of co-location
storage on site, proximty to |lowlevel waste
facilities, the site characterization, you know, these
are some of the thoughts that pop in ny mnd. And |
have now used ny 10 mnutes. |Is that right?

VI CE CHAl RVAN CROFF: No, you've got a few
m nutes left.

MEMBER HI NZE: Well, | think that's
enough. Thank you.

CHAI RVAN RYAN: Can | ask one dunb
guestion, Allen?

VI CE CHAI RMAN CRCFF:  Sure.

CHAI RMAN RYAN: And it's -- again, | ask
it out of ignorance. You know, |'mrenm nded when AEC
was broken into then ERDA and NRC, and let's call it
DCE and NRC to make it sinple, and the NRC real ly had
the commercial world and DOE had the non-conmercia
world, the mlitary side of things.

| guess I'mtrying to understand alittle
bit about how new efforts in reprocessing are not in

the comrercial sector, that they are viewed to --
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nean, that DOE has a major role. And that's not to
say they' re not capabl e and conpet ent and have | ots of
research facilities. But how -- has that been worked
out? |Is that an issue we need to think about?

nean, are all the laws in place that govern rol es and
responsibilities for the maj or agencies? And that was
one of the regulatory slots.

What are the -- you know, t he
Environnmental Protection Agency certainly has a
generally applicable radiation protection standard
obligation. DOE certainly has skills capabilities and
research facilities that are significant and
substantive. And the NRC has a clearly-defined role
in the commercial side of nuclear energy. |It's not

just producing electricity and power reactors. But

how is --

MR WYMER: That's an interesting issue,
al | right, because DOCE, when they're doing
denonstrations, is self-regulating, as you know,
and - -

CHAI RMAN RYAN:  Ri ght .

MR  WMER  And, still, if they do
eventual |y build a denonstration plant, whi ch woul d be
the wise way to go, that's for cormmercial fuel. And

it is not just strictly for DOE interest and
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application, so they're in a gray area there. And
just to what extent is that an NRC i ssue, because it
is adenonstration plant for a conmercial reprocessing
pl ant, although it's a devel opnent plant. |t depends
somewhat on the scale of it, as nmuch as anyt hing el se,
how big is it.

CHAI RMAN RYAN:  And how the information
would flow from one to the other, if it is
comercialized, and, you know, it would get, then
regul ated under the list that John had, that one page.
| mean, the flowof all that is certainly not clear to
me, and | just think that's an area to think about.

MR. WMER: Yes, it's kind of a gray area,

real ly.

MEMBER HI NZE:  You know, there's a rel ated
area, too, in terns of Il|ike repository -- or a
reprocessi ng plant versus a nuclear reactor -- is
Appendi x A on the seismic hazards. |Is that still

applicable in terns of the piping problens, the
frequencies, and all of these kinds of things?
Sonmebody has to take a | ook at that before there's a
general application. And who -- and as M ke says, who
is the | eader of the pack in devel oping the standard
regul ations for --

MEMBER WEI NER: There's an associ at ed
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probl em too, whichis the pollution control froma --
fromsuch a facility. | mean, is this, then, an EPA-
regul ated function, or a DOE-regul ated function?

MR WMER  So far a denonstration
facility woul d be DOE

MEMBER VEI NER: But, again, it falls into
t he sane category.

MR WMER It's still the sane issue,
yes.

VICE CHAIRVAN CROFF: | want to try to
answer two different things here. Wth regard to EPA,
| mean, DCE has to use EPA standards.

MR. WYMER: Absol utely.

VI CE CHAI RMAN CROFF: | nean --

MR WYMER To their sorrow

VI CE CHAI RVAN CROFF: -- EPA standards
trunp DCE orders | guess is the way to say it. But at
what scale that conmes in, | mean, you know, DOE' s
research and devel opnent activities don't -- you know,
don't get subject to that. At sone point, there's an
out, and | don't know where it is.

Wth respect to what you were asking,
M ke, ny inpression, based on what |[|'ve seen
historically, is, you know, when you get into this

gray area Ray nentioned -- and there is a gray area
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and this deno plant epitomzes it -- | think the first
option is for DOE and NRC to work it out between
themselves as to whether NRC will license it or
whether DOE will do its own thing. |f DOCE does the
regulation, then how will NRC be involved? Like
| ooki ng over their shoulder to |earn kind of stuff.

You know, if that can't be worked out, or
i f sonebody else gets interested, then Congress can
weighinonit. And ny exanple is there that Congress
did weigh ininthe -- | think it was the Energy
Policy Act where they said that the NRC would |icense
t hat denonstration reactor. | think it was the
denonstration --

MR. FLACK: Well, they asked for its
licensing strategy to be developed for t he
denonstration -- you' re tal ki ng about the one in I daho
for the next generation --

VI CE CHAI RVAN CROFF:  Yes, right.

MR FLACK: -- the work --

VI CE CHAIRMAN CROFF: Were Congress
i ncl uded sone | anguage there.

MR. FLACK: That's right.

VI CE CHAI RVAN CROFF:  The | ast di scussion
| heard on the fuel cycle denonstration plant is that

DOE would do it under its orders, but NRC would be
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very involved with them And DOE -- | think we heard
that from Laidler and Buzz Savage, as a matter of

fact, this last sumrer. But that's the way it -- but
there is gray -- anbiguity there, | guess, that has to
be worked out case by case.

CHAI RMAN RYAN: Fair enough. And, again,
| " mnot saying that we should conme up with some answer
or sone grand plan, but it certainly is sonething to
highlight if there are substantive issues that we can
put our finger on to say, you know, howis this going
t o happen?

VI CE CHAI RVAN CROFF: Ckay. |1'Il take a
couple of things. First, I'lIl extend what M ke said
just a little bit. And this is on the waste
classification issue. | think even given using a
UREX-type process with these various different waste
streans, the sort of fractionation of what we used to
know as high-level waste into four or five different
things, | think our existing waste classification
systemwoul d really be severely strained.

In particular, and first, as you pointed
out in deciding which of these things is high-Ievel
wast e, you know, right nowwe're sort of handling this
under this exenption, the real waste determ nation

process, but -- and nmaybe that could be used as a
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rubric to do it. But --

CHAI RVAN RYAN: If | may just on that
point, Allen, it's a very good point, and if you
recall, we've had many discussions on the fact that
the current definitions are origin-based and they're
not risk-based.

VI CE CHAl RMAN CROFF: Ri ght.

CHAIRVAN RYAN: And if there is an
opportunity to start focusing on individual
radi onuclides, their formand their content and their
i ndi vi dual radiol ogi cal characteristics, whether it's
per human exposure or environnental pathways, and so
forth, this m ght be the opportunity to get away from
origin-based definitions and go to risk-based
thinking. So | just offer that as a thought.

VI CE CHAI RMAN CROFF: It might be able to
use the existing system but it would take sone real
artwork, | think, to do it.

CHAI RVAN RYAN: Like | said, | think, you
know, you could creatively do it with some of the
caveats that exist now But it would beconme rmuch nore
of a patchwork than it already is.

VI CE CHAI RMVAN CROFF: And as Ray has
poi nted out, when you start going to pyroprocessing

where there is just absolutely no equivalent to this
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first cycle raffinate, | mean, the whole thing just
falls part.

CHAI RMVAN RYAN: And the idea of going to
risk as the neasure of -- you know, risk-inforned
nmeasure as the way to guide regul atory devel oprment is
certainly current with the way people think about
t hi ngs t oday.

VI CE CHAI RVAN CROFF: Yes. John, could
you take me to 48, please? | first want to nake sure
| understand this. Wlat | think you said is that if
we had to use the existing regul atory framework today
to |license the scope that Larry and Ray have tal ked
about, the UREX+la, that this is the regul ati ons that
woul d apply to the various parts of that operation.
I's that --

MR. FLACK: Pretty nuch. | nean, it's
something that right nowis in place, that you would
have to try to nmake accommodat e.

VI CE CHAI RVAN CROFF: Right. | nean, ny
first reaction is that -- | nean, that's at |east
ugly, if not inpossible, to try to use all of those
regul ati ons on basically one integrated operation.
nmean, and sone of it's, you know, risk-informed, some
of it's not risk-informed, some PRA, sone |SA  That

doesn't seemto be possible. |I'mnore or |ess talking
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to the Committee here, but --

CHAI RVAN RYAN: Well, the other point that
-- when this slide canme up that | thought about is,
okay, this is what regul ates the facility perhaps, and
let's assunme that's right and true. What regul ates
the waste that goes out the door? Wat if you create
a waste you can't get rid of? So 61 and 63 are on the
t abl e agai n.

And, you know, we heard earlier, you know,
in tal king about things this week that, you know, if
you create a waste that you don't have an outlet for
you're in trouble. And that could happen. And by the
way, this doesn't even rai se the di nensi on of chem cal
waste or m xed waste. That's a whol e new add-on to,
you know, your list. So | would just maybe nake a
note to add those three.

MR. LARSON: Well, and Ray nentioned
training. You know, Part 55 applies. If it's a
Part 50 |icense, then the operator has got to be
i censed under Part 55. And in the paper we discuss,
you know, the failure rates, which were pretty high
You know, |ike 60 percent over a five-year period of
those that were licensed or attenpted to |license by
t he NRC fail ed.

CHAI RVAN RYAN: The operators.
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MR. LARSON: Right. The operators.

VI CE CHAI RVAN CROFF: And one i nportant
point. | mean, we know that DCE is proceeding at some
pace with an EI S on greater than Cass C.  And they've
got some current vision of what falls in the greater
than Cass C category, and it's sort of some oddbal
and relatively small volume stuff. |If this GNEP thing
proceeds, that's going to change that equation
radi cal ly.

What we call "greater than Class C' or
call it "true waste," it's, you know, the sane thing,
but there's going to be a lot nore of it and it's
going to be a very different waste. And it seens to
me that that issue, and what these transurani c wastes
m ght 1 ook Iike, need to be on their screen, so they
can consider it in the EIS

CHAI RVAN RYAN: Let's add an additiona
view there, Allen. |If you |look at the origin-based
definitions, that's based on processing technol ogy
that came out or experiences of the processing
t echnol ogy t hat canme out of Hanford and Savannah Ri ver
mai nly | guess.

So the origin-based definitions arereally
cheni cal engi neering process ef ficiency-based

definitions. How nmuch can we really get at? Wen
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does the first pass solve an extraction -- you know,
that has nost of the stuff that you're interested in
init become second pass, and not so inportant inits
wast e?

So greater than Class Cin the context of
what we're tal king about now doesn't nean nuch in
terms of risk yet. So what's actually init? Is it
highrisk, isit lowrisk? It's not -- | nean, to ne,
greater than Class C is just a convenient netric.
It's got -- it's not necessarily directly related to
risk.

VI CE CHAI RVMAN CROFF:  Ch, no, | didn't
nmean to inply that. | --

CHAI RMAN RYAN: And | think that's an
additional dinmension we have to kind of rem nd
oursel ves of to think nore about.

MR WYMER: | think you don't want to
understate the i nportance of the tension that's going
to exist between the regulators and the buil ders and
operators of these plants. You know, originally,
there was not a strong incentive to have a very high
-- areally high recovery of plutonium It was purely
an econom cal decision. Wat's the val ue of
plutoniun? And is it okay if you | eave one percent of

it behind where it shouldn't be, you know, in a waste
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where -- where you really would rather not have it?

And as far as i ndustry i s concerned, those
are financial decisions. They're not regulatory
decisions. And there's going to be a |lot of give and
take here, it seens to nme. You' ve got to protect the
public, but you've got to allow industry to proceed.

VI CE CHAI RMAN CROFF: | think the way this
is going to have to play out is, | nmean, if you | ook
at that flow sheet, in a regular world a |ot of that
is not economic. | nean, |like separating cesium and
strontium - -

MR WYMER:  Yes.

VI CE CHAI RMAN CROFF:  -- and this kind of
thing. And the owner of the spent fuel is going to be
DCE, and DOE is going to have to wite an RFP t hat has
t he specifications on what is recovered. And that's
what the industry will bid on, or not as they choose.

MR WYMER. O not, yes.

VI CE CHAI RVAN CROFF: Let nme go on into
anot her thing. On the EPA standards, | think there --
you know, EPA started a job in 40 CFR 191. They
didn't really finish that job, and that raises an
issue: is the EPA going to continue to |look at, in
particul ar, carbon-14 and tritiumlimts or not? They

said they were going to, and they did not. Are they
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going to revisit krypton and iodine? That was done
many years ago and done using the mcrodose to nega
peopl e approach is exactly what they did. And no
bones about it. That's what was in the anal ysis.

So there is a need to understand what the
EPA is going to do or not, and then the -- for the NRC
to figure out what it's going to do. One thing I
stunbl ed across just yesterday is conpliance wth
40 CFR 190 is explicitly mentioned in 10 CFR 20. So
it's on the books. | nean, it's integrated already.
It just says, you know, you will do it. | nean,
there's no further el aboration.

Can -- | don't know -- Ray or Larry tel
me, what's the difference between UREX+la and GANEX?
| nmean, when you stand back and | ook at them they
seem to end up producing about the same product
st reans.

MR WMER |'Il take a shot at it.

VI CE CHAI RMAN CROFF: Except for the
cesi um and strontium

MR WYMER: Yes, well, the technetium al so
is not taken out as a separate stream Aside from
that, it's pretty nmuch the sane thing. The French
have just sinplified the process. They have not put

as many process stepsinit. They're not as anbitious
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as -- with respect to putting a whole |ot of
separation steps one after the other as we are.
They're nmuch nmore -- | think much nore practical and
pragmatic in how they're proceeding.

VI CE CHAl RVAN CRCFF: Yes. Gkay. Any
foll omup questions fromthe Conmttee?

MEMBER VEEI NER: | have one. It's kind of
com ng back to sonmething that Allen has said. There
are processes of chem cal safety with all of these
processes, particularly with the waste processes. And
| think this, again, poses a regulatory concern. |Is
this going to be under OSHA? Because presently
believe nost DCE facilities are not, they are self-
regul at ed.

MR. WMER: Most of these reagents are not
highly toxic reagents. They are toxic, sure, but
they're not -- they're not in the extrenely toxic
category. You'll have to be careful, and they' |l have
to be -- if you do incinerate them which woul d be one
way to di spose of them then you'll have to go through
-- all the whole ritual that the toxic incinerator
went through down at Gak Ri dge where they were very
carefully regul ated, they sanpled the of f-gas to make
sure they weren't producing carci nogens, and so there

will be a whole series of things to be done in
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handl i ng t hese organic materi al s.

MEMBER VEINER It's not so much the
toxicity of the reagents, but the hazards associ ated
with the chem cal reaction and on that kind of a
production scal e.

MR. WYMER: You're tal king about safety.

MEMBER VEINER: Yes, it's a chenica

safety.

MR. WMER: Yes, nost of these things are
not -- do not have a lot of latent energy in them
They are not highly explosive things. | can think of

one exception, and it's not in any of these flow
sheets, and that's an i on exchange separation t hat was
practiced at Savannah River using separation of
plutoniumas a plutoniumnitrate conplex. Perfectly
safe. As long as you kept it wet, they left it on an
ion exchange colum wuntil it dried out and it
expl oded.

So there are things you have to be careful
about when you have, as | would call it, |atent energy
i nvol ved. There are not nmany of these processes that
posses that kind of potential chenical reactivity.

MEMBER WEI NER: | guess the reason |
raised the question is not so nmuch for the

denonstration project. |'msure that would be very
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well controlled. It's if you start to do this on the
production scale, then you -- then you start to get

| ax and start to have -- just the risk associated with
doi ng anything on a production scale.

MR. WMER: To use the sort of expression,
that's when you start plow ng up the snakes.

MEMBER VEI NER:  Yes.

MR. WMER: When you actually get in there
and run the process. And you've got to be willing to
have a devel opnent staff to deal with those poi sonous
snakes that you're plow ng up.

MEMBER VEI NER: The ot her comment, very
briefly, that 1'd like to make is the -- what is
required in an environnental inpact statenent has
certainly devel oped since 1976. And there is a |ot
nore -- a lot nore detail and a rmuch nore prescribed
format required now.

MR. FLACK: That's true, and | think part
of that whole effort is to | ook at alternatives as
well. | nean, that's part of -- you know, which one
is going to give you the best. Is it worth pursuing?
But | think, in general, NRC adopts the environnental
i npact statenment when it's satisfied with it.

| know we brought up the i ssue about doi ng

GESMO, NRC getting back involved in that, and the
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attorneys comented on it, saying that, "Well, it's
really a DCE thing. W nmay get engaged in it, as it's
devel oped, but it's not ours. It should be a DOE
initiative."

VICE CHAIRVAN CROFF: In the summer
neeti ng, Buzz Savage acknow edged that DOE had the
ball on a generic environnental inpact statenent.
Now, | have no i dea whet her anything is going on, but
t hey agreed they had the ball, so --

CHAI RMAN RYAN: | just took a quick | ook,
and t he process hazards anal ysi s standard woul d apply,
because it applies to any place that has 500 pounds of
nitric acid. So we're in the gane.

(Laughter.)

MR. TAVLARI DES: Excuse ne, if | may, but
that to me was sonething that | was thinking about is
the nitric acid solutions that you have. And if you
do any concentrating of that, then you may end up
getting dinitrates and possibilities for explosion.

VICE CHAIRVAN CROFF: And you do
concentrate nitric acid recovery.

MR. TAVLARI DES:. Yes, exactly.

VICE CHAIRVAN CROFF: Bill, you had a
guestion?

MEMBER HI NZE: Very quickly. In terns of
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t he reprocessi ng process, does it require a great deal
of water? |Is this something that one shoul d be
concer ned about ?

MR. FLACK: | don't know. Ray, is that --

MR WYMER  Yes, there's a lot of water.

MR. TAVLARI DES: Yes, there is water in --
t here are washi ng streans and

VI CE CHAl RVAN CROFF: Wl |, let's be clear
on the question. | think you were aski ng whet her
there's a continuous water consunption, and | think
it'"srelatively small. Once they get it in the plant,
nost of it is recycled.

MEMBER HI NZE: Okay. So it's not very --

VI CE CHAI RVAN CROFF: W th that, are there
any questions fromstaff?

DR. HAMDAN:. A quick one, if | can.

VI CE CHAl RMAN CROFF: Ckay. 1'Il give you
a qui ck one.

DR. HAMDAN. \When you nentioned the
significance increase in the waste volunme, and | ' mnot
clear, are we talking about -- you nmentioned ten --
perhaps ten-fold i ncrease, and how we tal k about
Barnwel I s, Yucca Mountains, and what tinmefrane are we
tal ki ng about ?

MR. WYMER:  Your question relates to
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ti mefranme?

DR HAMDAN: Yes. | nean, nunber one, is
it alowlevel waste site, or -- Latif Handan, NRC
staff. So, really, this increase in volune that is
expected, a) what tineframe are we tal ki ng about, and
b) how many waste sites do we need? And are they
Yucca Mountains, or are they Barnwell?

MR WYMER. W I | sonebody rephrase that
guestion for me?

VI CE CHAI RVAN CROFF: Let nme try and
actually answer it. The anount of waste going to a
Yucca Mountainwill, if all this happens as projected,
woul d decline. That's why they're doing all the
fractionation.

MR. WYMER: Yes, by about a ten-fold.

VI CE CHAI RVAN CRCOFF: By about, you know,
10x. Now, what would increase is you' ve got to nanage
some cesium and strontium You're going to have
transuranic waste that will require disposal, and a
nunber of other things.

MR. WYMER:  Yes, you'll have kind of a
pl ethora or a wealth of snmaller waste streans than we
have at the present tine.

DR. HAMDAN: So you are tal king about TRU

waste that is going to increase? Transuranic?
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MR WYMER: No, there will not -- there

will not be a net increase in waste. It will be about
the sane. You know --

VICE CHAIRMAN CROFF: | nean, you're
conmparing spent fuel assenblies to sonething that's
fractionated in a lot of little streams. So |'m not
sure we can conpare it right now

MR. WMER: Yes, we're not destroying nass

anywhere here, except inalittle fissioning that is

going on. So there will be about the sane mass of
waste there ever was, but it will be parceled out
differently.

VI CE CHAI RVAN CROFF:  Mass of
radi onucl i des.

MR WYMER:  Yes.

VICE CHAIRMAN CROFF: The transuranic
waste and a |lot of --

MR WYMER:  Yes, radionuclides.

VI CE CHAI RMAN CROFF:  -- and that kind of
stuff.

DR. HAMDAN: Thank you.

DR. ABU-EID:. Good afternoon. M/ nane is
Bobby Eid. Just a comment on the question. Just to
rem nd the Conmittee that the international community,

| AEA, they are devel opi ng new gui dance on waste
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classification, and currently it is being revi ewed by
the staff, just for your information. And there is --

VI CE CHAI RMAN CROFF: Excuse nme. W
becanme aware of that | think yesterday or the day
before. And we're going to ask for a briefing on
whormever of your staff goes over. W're very
interested in it.

DR. ABU-EID: kay. That's one thing,
just to remnd you in this regard. What issue is
dealing with is actually a norm classification,
whet her to include the normor not. That's one issue
that we are dealing with now, but there are other
i ssues, too. But the good news is that risk is being
used, just to let you know.

The other thing is, just to rem nd you,
that certain countries, like Japan for exanple, they
do consider the spent fuel as a resource rather than
a waste. That's the reason there is what's called the
Joi nt Convention, and the Joint Convention is on the
safety of spent fuel managenent and the safety of
wast e di sposal

That's the reason, because there are
di fferences about the classification of the spent
fuel, if it is waste or a resource, and that's one of

t he reasons actually they have the Joint Convention.
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Just for your information, to take it into
consi derati on.

My question and reconmendati on regarding
about regulatory framework, and the framework is
regarding 10 CFR Part 50, Appendix I, and if you want
release limts, that nost likely it was nmentioned t hat
we coul d apply the current regul ati ons and gui del i nes
for NRC for the processing of spent fuel.

So in this regard, if this is the case,
just to rem nd you that the current guidance using
| CRP-2 for dose conversion factors, or for the dose
factors for that, and there is inconsistency with
10 CFR Part 20. And | would add this as a
recommendati on or an i ssue to be consi dered, such that
if we had the consistency or if there would be nore
update of the regulations, to consider this kind of
i nconsi stency with 10 CFR Part 20.

CHAI RVAN RYAN: Bobby, 1'd second t hat
t hought and rem nd everybody that for 1long-Ilived
persi stent radi onuclides, |ike plutoniumand the ot her
actinides and sonme fission products, that the
difference in doses cal culated fromI| CRP-2 versus the
current committed dose approaches are exacerbated
They can be up to a factor of 50 tinmes different, and

the longer lived material is, in fact, forgiven nore
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than the short-lived material .

You know, we cal cul ated annual doses from
plutonium in the old scheme, so 5 rem per year
translates to a conmmitted dose in the new schene of
250 rem So it's a very significant nunerical
guestion which has inplications. But under our
current schene of using comrmtted doses for internal
exposures, everything is the same every year.

You start out each year with a cl ean
slate, in other words, and that frankly is, in nm own
personal view, the appropriate way todoit. So there
are sone significant changes when you begin to see
actini des and ot her long-1ived species that persist in
the body for decades or nore, in terns of this
guestion that Bobby is pointing out again. So --

DR. ABU-EID: Thank you.

CHAIRMAN RYAN: -- it's not a trivial
matter at all.

DR. ABU-EID: Thank you.

VICE CHAIRMAN CROFF: | think at this
point I'd like to just take a couple mnutes and
describe how | see this going forward, so that it
answers a question Ruth asked the other day. And it
was a good question, but | wanted to defer it until

now.
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What we're pronmised at this point is in
early Decenmber NRC will -- staff will come in, wll
send us a -- their paper on how t hey woul d propose to
regul ate fuel recycle, which of these things they
think is the best way to go out of some of these
options we outlined.

| hope we get that before our next
neeting. And assuming it's out, we're pronised a
briefing on that in the next neeting. And | would

like to see if | can get Ray up here for that, if

possi bl e, and, of course, John will -- he will be here
anyway, | hope. And so that will take us into
Decenber .

At that point, we're going to try to --
and we're going to be working on the white paper in
the interim and | eaving a coupl e of blanks. At that
point, 1'd like to get a good, clean draft of it, and
in early January send the white paper out for -- 1'1]
call it stakehol der review

I n other words, to the Committee, but al so
to people |ike NMSS and other interested parties, to
get their reviewof it, get the coorments back in, and
make sonme revisions in it before our February neeting,
make the final revisions init so the Conmttee has

got a clean white paper. And | will be, at that tine,
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trying to draft some kind of a letter for
consideration in our February neeting.

Beyond that, | think our letter, |ooking
at what we di scussed today, even -- is going to be far
fromdefinitive with answers on all of this. Some
things will have sonme reconmendations, others we're
going to have to bore into. And I'mlooking at this
issues list as sort of a framework for additiona
briefings or working group neetings into the future.
W'l figure out what the highest priority topics are
and get people in to hel p educate us on whatever.

So that -- yes, but at that point, to
finalize the white paper and get that done and not | et
that continue to drag on, because, you know, every
neeting you get nore information that can go on
forever. So that's ny present plan.

CHAI RMAN RYAN:. Just a coupl e of
clarifying points there, if I may, Alen. 1 think,
you know, |I'm rem nded that one fool can ask nore
guestions than a thousand wi se nen can answer. So our
white paper -- | think, you know, we need to identify
i ssues where we think things are clear, and | think
the second part is we need to focus on issues and at
| east identifying issues where we think things are not

so cl ear.

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

234

You know, for exanple, the question that
Bobby and | just discussed is very straightforward on
how you fix it. The question of, do you fix it or
not, is the only uncertain part. But what needs to be
done is crystal clear.

There are other areas |ike, you know, the
ones we tal ked about in ternms of, you know, how the
vari ous agenci es are going to share the obligations at
the top level. That's clearly not clear, and perhaps
above our paygrade. That's sonething outside of our,
you know, area of charter and responsibility. But
identifying it | think is appropriate.

So we're really in the business of
identifying areas where we think things are clear,
and, you know -- and, again, all in the framework of
t he basic context that our team has laid out today.
And | et ne add ny thanks to all three of you for doing
a great job of giving us a four-inch firehose to | earn
as nuch as we can about reprocessing in a couple
hour s.

But is that, you know, making sense?

VI CE CHAI RMAN CRCOFF:  Yes.

CHAI RVAN RYAN: Okay. Great. And | think
when we tal k about, you know, NMSS and others it woul d

be hel pful, as we ask themfor input, to be alittle
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bit nore explicit about what we're | ooking for and t he
context in which we're | ooking. You know, we're not
asking themto give us answers. W're asking themto
say, "Do we have all the questions they think are
important in our white paper? And have we at | east
put the framework for the question out onthe table in
a smart and accurate way?"

VI CE CHAI RMAN CRCOFF:  Yes. (Ckay, thanks.

Wth that, |I'm done.

CHAI RVAN RYAN:  Ckay.

VI CE CHAI RVAN CROFF:  1'II turn it back to
you.

CHAI RMAN RYAN: Once again, thanks to Ray
and John. W really appreciate -- and Howard, of

course, yes. W really appreciate your efforts in
putting together the history. WlIl, he has been so

gquiet. He has just kind of been taking notes. W

wel come you back, sir, but | appreciate all your
efforts, and we'll | ook forward to noving this to the
next step.

Thank you all very nuch

Wth that, why don't we take a 10-minute
break, and then the Commttee will reconvene.

| think our renmmining activities are

letter-witing, so | believe we can concl ude the
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record here today. |Is that correct? So we'll

conclude the formal record here today, and we'll take

up a couple of letter itens when we reconvene at 4: 20.
(Wher eupon, at 4:11 p.m, the proceedi ngs
in the foregoing matter went off the

record.)
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