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PROCEEDTINGS
(9:59 p.m.)
CHAIRMAN RYAN: The meeting will come to
order. This is the first day of the 182™ Meeting of
the Advisory Committee on Nuclear Waste and Materials.
During today's meeting, the Committee will consider
the following, Corrosion of Waste Package and Drip
Shield Materials 1in a Repository Environment,
Mechanisms for Estimating Juvenile Waste Package
Failures, Dissolution Processes for Commercial Spent
Nuclear Fuels in a Repository Environment, Discussion
of the NRC Role in the International Committee on
Radiological Protection, Nuclear Energy Institute
Briefing on Low-Level Radiocactive Waste Minimization
Strategies, and the NEI Executive Committee Views on
Commercial Low-Level Waste Management, Observations
from ACNW&M Members and Staff on recent activities,
particularly our field visits, a discussion of ACNW&M
Letter Reports.
Chris Brown is the Designated Federal
Official for today's session. We have received a
request by Mr. Joseph DeCamello, General Counsel for
Studvic to include a written statement to today's

presentation on low-level radioactive waste
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minimization strategies. Should anyone else wish to
address the Committee, please make your wishes known
to one of the Committee staff. At the appropriate
presentation, we will provide the letter from Mr.
DeCamello as part of the record. We will also have
copies of it available for other members of the public
who would like to have a copy of that letter.

It is requested that speakers use one of
the microphones, identify themselves, and speak with
sufficient clarity and volume so they can be readily
heard. It's also requested that if you have cell
phones or pagers, that you kindly turn them off at
this time.

Feedback forms are available at the back
of the room for anybody who would like to provide us
with their comments about this meeting. Thank you
very much.

Without further ado, I'll turn our meeting
over to the cognizant member for these next two
briefings, Dr. Weiner.

DR. WEINER: Thank you very much, Mr.
Chairman, and our two speakers, Dr. Tae Ahn from NMSS,
and MR. Darrell Dunn, who is Manager of Materials

Performance and Characterization at the Center at
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Southwest Research Institute. And they will be
introduced by Dr. Britt Hill, who is the Senior
Technical Advisor for Repository Science. And before
I turn this over to Britt, we do have people from the
Center on the bridge. Would you like to introduce
yourselves, say who is there.

CHAIRMAN RYAN: And who is there? I'm
sorry. You all going to have to either get closer to
a microphone, or have one person introduce all the
attendees, because we can't hear you.

(Introductions made.)

PARTICIPANT: That's all I have right now.

CHATIRMAN RYAN: Okay. Thank vyou. If
anybody else joins, please just announce them at an
appropriate time.

PARTICIPANT: Okay. Thank you.

DR. WEINER: Go ahead, Britt.

DR. HILL: Thank you. Good morning. My
name is Brittain Hill. I'm with the NRC's Division of
High-Level Waste Repository Safety.

CHATRMAN RYAN: If you stand up, you've
got to use a lapel.

DR. HILL: I'm Brittain Hill. I'm with

the NRC's Division of High-Level Waste Repository
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Safety, and I just want to provide a couple of wvery
brief opening remarks to sort of set the stage for the
following presentations.

It's been about a year since we've been in
front of the ACNW&M to talk about corrosion and other
engineered barrier system processes, so today we'd
like to provide an update of some of our current
publicly available information to the Committee in the
areas of waste package drip shield corrosion, juvenile
failure of waste packages, and waste form dissolution.

Essentially, most of the engineered barrier system
for post-closure repository performance.

Dr. Tae Ahn will be giving a presentation
on Corrosion and Waste Form Dissolution, and Mr.
Darrell Dunn from Southwest Research Institute will do
the Juvenile Failure of Waste Package. We have a
number of technical staff in the audience today to
help answer any questions that the ACNW&M Committee
may have, including Mr. Keith Axler, the Center for
Nuclear Waste Regulatory Analyses Project Manager. So
without much further ado, I'd like us to focus on the
goals for today.

In addition to talk about our current

understanding of key processes and information that
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we'll be using in our review, I'd also like to talk
about some of the most important uncertainties that
are associated with that information, and how that
combination of ©process level understanding and
uncertainty gives us insight on the risk-significance
of these issues to repository performance.

The overall strategy today is to provide
the Committee with important information that we
believe will be useful for the following discussions
in October about changes to our TPA modeling approach.

Just a quick insight on risk associated
with these key processes. All the things that we'll
be talking about this morning, the one that has the
most significance to post-closure repository
performance is the stability of ©passive film
associated with Alloy C-22. Other important, but
somewhat less significant processes concern localized
and crevice corrosion on waste package, the integrity
of the drip shield, and also the degradation rate that
waste in contact with water may experience.

And, finally, although it's an important
topic, it does have an apparently low significance to
risk for the juvenile failure of waste packages. 1In

other words, the waste packages that may be in state
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of failure at the time of repository closure. So I'd
like everybody to keep these overall risk insights in
mind. We've tried to structure our presentations to
give the most information, and the most discussion to
the highest significance topics, and still give an
appropriate level of discussion to the lower
significance topics.

The next steps for us following these
presentations is we plan to approve and release our
TPA 5.1, the revised TPA code, by the end of next
week. That will include both the updated code, as
well as an expanded and updated user's guide. The
current plan is to discuss a number of these changes,
and more importantly, how we're going to be using the
TPA code in our licensing reviews. We'll be doing
those discussions during the October ACNW&M Committee
meeting.

So without any further ado, I'd like to
turn the presentations over to Dr. Tae Ahn, also from
our Division of High-Level Waste Repository Safety.

DR. HINZE: Madam Chairman, could I ask a
quick question?

DR. WEINER: Please.

DR. HINZE: Could you give us some insight
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into how you determine the risk importance of those
elements?

DR. HILL: Those are discussed in our risk
insights baseline report. We have not updated it.

DR. HINZE: It is not updated?

DR. HILL: No.

DR. HINZE: So there's no new information
on how significant these really are since when? When
was the date --

DR. HILL: These would be from our 2004
analysis.

DR. HINZE: So you have not changed your -
- none of the research that you've conducted has in
any way changed your risk insight into this.

DR. HILL: At the 1level of risk-
significance that I've outlined, no, we have no change
in --

DR. HINZE: Okay. Thank you very much.

DR. HILL: -- high, medium, and low of
those topics.

DR. HINZE: Thank you very much, Dr. Hill.

Thank you, Madam Chairman.
DR. AHN: Good morning. As Dr. Hill

introduced, my name is Tae Ahn of Division of High-
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Level Waste Repository Safety. I would like to talk
about corrosion of waste package and drip shield
materials and danger in repository conditions. As you
know, waste package and drip shield are important
component in the engineered barrier systems in the
high-level waste repository, high-level waste
management .

I would like to acknowledge my co-workers
of the NRC, as well as Center for Nuclear Waste
Regulatory Analysis in San Antonio, Texas for their
contributions to this presentation.

The outline of this presentation is first,
the purpose. Second one, I would like to show the
illustration of engineered barrier system, including
the waste package and drip shield. Then I would like
to describe some more study results, and illustration
of waste package environment, and the corrosion mode.

Waste package environment could include
temperature and the relative humidity with the times,
and the corrosion mode includes general corrosion.
The waste package performance is relying on very low
general corrosion rate. This low general corrosion
rate i1s dependent on the persistence of protective

passive film, about five nanometer thickness.
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Persistence means stability of passive film over a
very long period of time.

Then when the temperature becomes above
about 110 degrees C, after the repository closure,
there will be no seepage of water. However, the waste
package will be deposited with dust in the tunnel.
Under those conditions, the dust deposited will absorb
moisture from the environment, that leads to an
aqueous closing condition, which is called dust
deliquescence corrosion. When temperature is
decreased below 110 degrees C, there will be seepage
water at the failure. Because the temperatures are
still higher, therefore, the seepage of water will be
concentrated, become brine. Under those conditions,
localized corrosion, such as crevice corrosion will be
initiated. There are other corrosion processes, such
as microbial-induced corrosion, or hydrogen-induced
embrittlement of Titanium. Those will be discussed
after that.

The purpose of this presentation is to
summarize key processes affecting corrosion in waste
package, and the drip shield at the potential Yucca
Mountain Repository, and discuss clear understanding

of potentially significant uncertainties in corrosion
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processes for Alloy 22 and Titanium alloys.

This is cut-away views of engineered
barrier system in drip area. As you see, there are
two types of waste package containing either
commercial spent nuclear fuel, or glass log and DOE
and Navy spent nuclear fuel. On top of that, we have
drip shield protection of ground water. A drip shield
is made of Titanium Alloy grade 2 and 29, about .2
percent Palladium or .04 Palladium respectively, and
29 has 6 Aluminum and 4 Vanadium alloy element.
Basically, drip shield prevent contact of seepage
water with waste package, prevent rock fall impact on
waste package.

This discussion will focus on only
corrosion. However, drip shield may be subjected more
readily to mechanical failure, which will not be
discussed this year.

The waste package is made of Alloy 22,
with about 22 Chromium. These two alloy elements are
very important to assess the persistence of passive
film, as well as other localized corrosion modes.
Waste packages basically prevent the water contact and
controls radionuclide release. The primary failure

mode of waste package is corrosion; therefore, we will
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discuss more extensively on waste package in this
presentation.

We have a good understanding of potential

corrosion mechanisms with some residual uncertainties.

This is environmental conditions is very important.

As you see, Y axis is either temperature or relative

humidity. Temperature will be low before the
repository closure, then it will go up after
repository closure, then would go down. This time

scale is in log; therefore, before the closure we will
have dry system. And when temperature is above 110
degrees C, as I mentioned, there will be dust
deliquenscence corrosion. This is Region I.

After about 2000 years, we will have
seepage water coming in. At that point, the seepage
will be -- water will Dbe concentrated at high
temperature. It will go up to 10,000 years. This is
Region II potential brine period. This figure is from
the modeling studies, yet, it is an illustration. For
instance, the outer range is more -- it's a likelihood
it can vary further extended.

The persistence of long-term passive film
needs to be considered all in these three regions. On

the other hand, the dust deliquescence corrosion needs
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to be considered in Region I, and the seepage water
brine crevice corrosion needs to be considered in
Region II. MIC, microbial-induced corrosion needs to
be considered only at the lower temperatures in Region
IT, and for the period. Likewise, Hydrogen effect in
Titanium needs to be considered from Region II and
longer period.

Other corrosion modes were also considered
by modeling, and some limited testing, and not seen as
risk-significant. For Alloy 22, for instance, just
for tracking Hydrogen embrittlement of any corrosion
and dry oxidation are not considered as risk-
significant. In Titanium alloys, localized corrosion,
stress corrosion cracking, and MIC of any corrosion,
and dry corrosion are not considered here.

This is general corrosion. It's of high
risk-significance, as Dr. Hill introduced, because
once you lost the passive film, basically, you lose
the container releasing much radionuclide. Therefore,
persistence of passive film is of high risk-
significance.

This picture shows Alloy 22 corrosion
product, a cross-section view, solution annealed Alloy

22 substrate. This green area is Chromium Oxide
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protective against faster corrosion. This one is
metal. Other black and white is mapping of each
element. And it is very important to have persistence
of passive film to have low general corrosion rate is
long period of time. TUncertainties of passive film
stability affect the long term general corrosion rate.
And this passive film stability is primarily affected
by changes in the chemical composition, for instance,
some impurity element that can accumulate at interface
of film. And the microstructure can change from
amorphous to crystalline, and the thickness may be
overgrown posing some stress due to the spallation of
oxide films. And I give you a couple of these
uncertainties in general corrosion persistence of
passive film. The first one is chemical composition,
microstructure, and thickness. It's called the
conformance of Chromium Oxide. Model, analogue
information, and the limited laboratory data suggest
that a Chromium-rich oxide layer is responsible for
persistence of passive film. This 1is called
conformance.
Model include a point detect model.
Finite thickness is also postulated because outer

layer is joined, and the inner layer is formed in a
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steady state. Also, some more formation was
formulated significantly. However, uncertainties
include long-term changes in chemical composition and
microstructure because models are based on ideal
system. Long time natural analogue also gave us
inference that passive film protected the metal a long
period of time, such as Hydrogen silica ionoxide.
Uncertainties, obviously, the analogue
does not have Chromium in their elemental
compositions. Other limited laboratory test shows
general corrosion rate decreases with time. However,
we need more extended testing in various environment.
Another  example of uncertainty is
mechanism for breakdown of passive film induced by
enrichment of the Sulfur at metal film interface.
When the corrosion occurs, impurity level about 10 to
100 ppm sulfur remains here, and accumulate at
interface, causing breakdown of passive film. This
could happen a very long period of time, such as 500
years; therefore, it's not easy to detect in the
laboratory testing. Nevertheless, this alloy has
substantial amount of Molybdenum, which can dissolve
the sulfur, and the Chromium, which can stabilize the

passive film. Therefore, this cyclic behavior doesn't

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




19

seem to give -- shorten the respective lifetime from
our preliminary sensitivity analysis.

Nevertheless, we have uncertainties, the
dissolution rate of segregated Sulfur with Molybdenum,
and the repassivation rate in Chloride solution with
Chromium and oxyanions. In Chloride solution,
generally will form reducing environment to cause the
sulfur-induced class violation; however, we have also
oxyanions, such as Nitrate, Sulfate, and Carbonate,
which can stabilize the passive film.

DR. WEINER: Excuse me. Where does the
Sulfur come from?

DR. AHN: It's impurity from the
manufacturing process.

DR. WEINER: Thank vyou.

DR. AHN: Next one is dust deliquescence
corrosion above 110 degrees C. That deliquescence
corrosion is potentially important for approximately
about 2,000 year after closure. Dust may form brines
for deliquescence at elevated temperature, and some
deliquescence brines can induce general or crevice
corrosion.

Our testing at the Center in Sodium,

Potassium Chloride Nitrate mix salt solutions indicate
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that general corrosion at elevated temperature on the
order of 1 micron only during an approximately 2,000-
year period, and the extent of corrosion depend on
distribution of dust and the duration of corrosion
formation. We did not identify low present corrosion,
for example, crevice corrosion. Current uncertainty
is extrapolating short-term test results to repository
time scales.

Next one is seepage water brines, crevice
corrosion. Brines that form by evaporation of seepage
water are mostly benign to Alloy 22, but some
composition less than approximate 10 percent could
initiate crevice corrosion. This is a window of the
crevice corrosion. X axis is the ratio of inhibited
to Chloride. The higher this number of concentration,
the Nitrate, Sulfate, the Carbonate, it will be --

alloy will be immune to crevice corrosion.

Ags you see, alkaline and neutral brine is
an immune domain, only about less than 10 percent of
Calcium Chloride is in the window of susceptibility of
localized corrosion. Contact of seepage water may be
prevented by drip shield. The susceptibility of
crevice corrosion decreases with time, with decrease

in temperature. Uncertainty associated with seepage
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of composition, currently experiments are going on to
confirm our current database.

Seepage water, crevice corrosion, another
important point is in addition to temperature and
water chemistry, tight contact environment is
necessary to initiate crevice corrosion, so contact
area is very restricted. Also, weld area is needed to
initiate crevice corrosion more readily. And, also,
crevice corrosion propagation is very limited in a
tiny pit inside of the crevice, so the overall open
area from the crevice corrosion will Dbe very
restricted from these three considerations.

Additional corrosive processes include
MIC, models, and the limited laboratory data indicate
low potential for MIC. Some uncertainties include ---
localized corrosion is difficult to be detected from
MIC. And Hydrogen effect, again, preliminary analysis
suggests that some minor effect on long-term
distributions uncertainties. Mostly Hydrogen sorption
kinetics, as well as a fill diffusion process begin
base metal and weld metals.

In summary, long-term chemical or
structural changes in passive film stability strongly

affect uncertainties in Alloy 22 general corrosion
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rate. And the current information indicates that
crevice corrosion by dust deliquescence does not
affect waste package performance significantly.
Crevice corrosion from seepage water, less than about
110 degrees C, require tight crevices and aggressive
brines. Also, susceptibility decreases with
decreasing temperature.

MIC, microbially influenced corrosion appear unlikely
because of short induction time, and no evidence of
long-term pitting in the crevice corrosion. Hydrogen

effects on Titanium alloy integrity appear to be of

low significance. Uncertainties in persistence of
passive film appear more significant than
uncertainties in other corrosion processes.

Information from laboratory investigation, numerical
models, and analogue materials is available to support
staff review of corrosion processes.

DR. WEINER: Thank you. Dr. Clarke.

DR. CLARKE: Thank you. Just one quick
guestion. The stability of the passive film was
believed to be the most important contributor to risk.

I guess in the original risk baseline report?

DR. AHN: Yes.

DR. CLARKE: And that is confirmed by your
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work.

DR. AHN: Yes.

DR. CLARKE: Now did your additional work
modify any other conclusions with respect to corrosion
in the original baseline report?

DR. AHN: Mostly the same, yes.

DR. CLARKE: I'm sorry?

DR. AHN: Mostly the same, yes.

DR. CLARKE: Thank you.

DR. WEINER: Dr. Ryan.

CHAIRMAN RYAN: Not at this time. Thank
you.

DR. WEINER: Allen.

VICE CHAIR CROFF: Yes. What can you say
about the effect of radiation on all of these
corrosion properties on the chemistry of the water in
deliquescence, or seep water, or anything like that?

DR. AHN: We considered that, we assessed
the product, Dbecause we have a thick 1layer of
stainless steel inside the outer Alloy 22, most
downgraded will be reduced at a very 1low level,
reduced significant radiolysis product.

VICE CHAIR CROFF: What are the dose rates

on the outside of the package? I know there's some
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steel there, but a lot of radiation inside.

DR. AHN: Yes. There's expertise at the
Center. Nedda is on the phone.

PARTICIPANT: No, Nedda is not here today.

DR. AHN: Yes, I would defer that answer

to you.
VICE CHAIR CROFF: Okay. Thanks.
DR. WEINER: Dr. Hinze.
DR. HINZE: I just would like to --
PARTICIPANT: This is Orin Poretta from
the Center. The dose rates on the outside vary, of

course, depending on the white form, but on the order
of thousands hour per hour.

VICE CHAIR CROFF: Thank vyou for that
answer. And those radiation levels don't affect the
water chemistry?

DR. AHN: Not significantly. Actually, we
also tested significant changes with adding Hydrogen
Peroxide was incorporated in our assessment.

VICE CHAIR CROFF: Have your experimental
studies been conducted, at least some of them, in
radiation fields on the order of 1,000R?

DR. AHN: I don't think we did that. It's

all simulation.
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VICE CHAIR CROFF: Thank you.

DR. HINZE: I just --

DR. WEINER: We have some responses.

DR. LESLIE: This is Dr. Brett Leslie from
the NRC staff. There are two aspects of it. Oleg
touched upon it, and Tae touched upon it. The gamma
radiation, while high early on, those gamma emitters
are primarily decaying fairly rapidly, and so you
asked the question, the interaction of that gamma ray
with water. And the figure that Tae was showing shows
that in terms of when water might be present, there's
a substantial delay. And so, you're right, there's
going to be very high rads on the surface, but the
question becomes, do they overlap when water is
expected to be present? They don't overlap.

DR. WEINER: If you have a comment, please
come up.

CHAIRMAN RYAN: You need to tell us who
you are, what your name is, at a microphone, if you
want to make a comment.

DR. WEINER: If you have a question, yes.

DR. INTERVANTE: Dr. Intervante from SFST.
I'm just wondering what your answer was?

DR. LESLIE: And the answer is that the
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potential radialis effects aren't necessarily
overlapping with the time in which water is present.

DR. WEINER: Following up on that briefly,
if I could, what about alpha hydrolysis? Are you
assuming that there is no alpha hydrolysis during the
time, during the whole repository period?

DR. AHN: And I understand that the alpha
penetration depth is so narrow, this -- we are talking
outer layers.

DR. WEINER: But are we expected to have
outer layers beyond, say several thousand years, ten
thousand years? 1Is there going to be -- how long do
you expect the waste package to persist in the -- and,
clearly, you won't get any alpha hydrolysis as long as
you have a waste package. You're quite right. But
how long do you expect it to persist? Will you ever
get any contact between alpha emitters and any kind of
seepage water, or water that comes in through a
crevice?

DR. AHN: I would 1like to defer that
guestion to -- answer to your qguestion later. But,
briefly, we are considering intact waste package, not
insides.

DR. WEINER: Okay. Thank you.
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DR. HILL: Britt Hill, NMSS. We're
looking at a waste package lifetime that wunder a
nominal scenario would be on the order of tens of
thousands to hundreds of thousands of years. By the
time that we have any consideration for alpha
hydrolysis, it means that waste package would
necessarily be breached. And that's where we sort of
stopped the corrosion investigations, once we have a
breach in the waste package and it's open to water or
any diffusive effects, the concern with generalized
corrosion pretty well <ceases. We don't go
mechanistically into exactly how many, and how
extensive those corrosion failures may be on an
individual waste package.

DR. WEINER: Thank vyou. Excuse me, go
ahead. I didn't mean to interrupt.

VICE CHAIR CROFF: I think I'm finished.

DR. HINZE: I would like to make certain I
understand. Are we really talking about Alloy 22 and
Titanium grade 7 and 29? When I read these things we
hear nominees, that these are nominated metals. Is
there any chance, 1is there anything from your
discussion with DOE that would indicate that we will

have some other metals brought to the Commission in
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the license application?

DR. HILL: Britt Hill, NRC staff. We'wve
had no indication from the Department of Energy that
any other materials are being considered for the
corrosion-resistant parts of the waste package or the
drip shield.

DR. HINZE: Thank you. Let me ask you, if
I may, about where we might expect this corrosion to
be on the waste package. I assume that from dust
deliquescence, and from the seepage that this will
occur somewhere in the upper half.

DR. AHN: Yes.

DR. HINZE: So have you thought about that
at any further --

DR. AHN: As I mentioned, deliquescence or
seepage-induced localized corrosion could 1lead to
limited opening of waste package surface. One of them
is from the consideration of seepage on to a certain
portion of the waste package, weld, tight crevice, all
are considered in our assessment.

DR. HINZE: So then if we have seepage of
the water into a breached canister, we can expect this
from the upper portion. And so we could expect to

find, then, water to collect in the base of the waste
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canister.

DR. AHN: Yes.

DR. HINZE: I have heard nothing about
consideration of corrosion from inside the waste
canister, because this has to escape. And, certainly,
the mode of escape would be much accelerated if it had
a through path in the waste package.

DR. AHN: Yes. This presentation focused
on total containment. The failure of the waste
package will be discussed in the coming TPA
presentation next month.

DR. HINZE: What about the processes
involved in a saturated situation? If we have
saturated conditions in the base of the canister, what
are the processes that are going to be most effective
in developing corrosion?

DR. AHN: We'll have a similar type of
corrosion, including the radiological effect.
However, 1in our proponent's assessment, we chose
different schemes. I will not go into details, but it
will be discussed next month.

DR. HILL: Britt Hill, NRC staff. If I
could provide just a little more background for that

guestion, Dr. Hinze. We have two alternative
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approaches to evaluating this condition in our
existing TPA code, which are being carried forward.
We have what's called the bath tub model, which
essentially allows the waste package to fill up to a
range of heights before any release can occur through
a evective process. We also have a flow-through
model that would assume that when you have one breach
in the waste package, vyou could have multiple
breaches, and one of those breaches would occur lower
down in the waste package.

For example, when we talk about crevice
corrosion, the waste package is sitting on a series of
supports, and we think about there would be an impact
from say rock fall that causes the drip shield to
impact the upper part of the waste package. Well,
you'd still be inducing stress in the lower part of
the waste package, as well. We don't go into a real
mechanistic detail to try to analyze the state of
stress in every realization of our TPA code, but we do
have these alternative conceptual models for either,
you have to have sufficient fill-up of the bath tub-
type waste package, or you have breaching that allows
flow-through in the waste package, to address this

very point of uncertainty in exactly how many and
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where the breaches will occur through the corrosion
processes.

DR. HINZE: That's very helpful, Dr. Hill.

I'm wondering from either of you, are you considering
the corrosion from both sides then during this period
that you have, if you will, the bath tub, or even the
flow-through effect? Because what vyou have is
corrosion from both sides, and that'll accelerate the
real breaching of the waste canisters.

DR. AHN: In my next presentation, I will
show vyou drip condition versus the immersion
condition, as well as the affect of iron corrosion on
spent fuel dissolution. That all covers the container
corrosion.

DR. HILL: Britt Hill, NRC staff. Let me
clarify one point. I think when we're looking at
corrosion of the waste package, and the presence of
water within the waste package, we would anticipate
those corrosion rates inside to be much lower, because
you're dealing with a very dilute solution. You're
not having the surface evaporation contact, you're not
having the dust available.

Our TPA code is looking at essentially a

state of failure of the waste package, without trying
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to forecast exactly where that failure is occurring.
We think given the wvariabilities that you have, that
would be very difficult to use in a review capability.

DR. HINZE: But, also, it would be subject
to a higher degree of radiation if, as Dr. Croff's
question related to radiation-induced damage.

DR. AHN: Yes, that's right.

DR. HINZE: And that may accelerate the
whole process, especially on the inside.

DR. AHN: Right. That's why we've
considered flow-through mode, as well as immersion
conditions, depending on how fast corrosion would
occur to the container.

DR. HINZE: Are we going -- is there a --

are you preparing a NUREG on this, or a Center
report? How is this -- how can we get into a little
more detail on this?

DR. LESLIE: Brett Leslie, NRC staff. Tae
is right, and Britt is right in terms of describing
that there are two modes of water treatment, or water
egress, ingress and egress. That's described in our
user's guide, which we'll be making public very
shortly.

When he says "flow-through", when 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




33

waste package is failed, that is -- there's no hold-up
time, so it assumes that the water can escape in the
bottom. So once there's -- if you're modeling a
closed system, and you have to start to fail it from
the outside, once it's failed on the outside, it's
assumed that that entire waste package is allowed to
have releases. So we don't go that step and say well,
we have to figure out how fast it corrodes from the
inside out. We make a simplified assumption for the
flow-through model, in essence.

DR. HINZE: That seems to be a pretty
conservative assumption.

CHAIRMAN RYAN: Bill --

DR. WEINER: Excuse me. We really are
running -- we're already over time.

DR. HINZE: Oh, my, that's too bad. We're
just getting started.

DR. WEINER: I understand, and I'm going

to limit myself to one question, and that is - and I
have many more, let me tell you - that is, this is
going to be -- the results of this work are going to

be an input to the TPA. Correct? I mean, I'm assuming
this is an input, one of many. How does your work on

corrosion compare with DOE's work on corrosion, which
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is going to be an input to the TSPA? And let me tell
you the thrust of the question.

You're going to be reviewing the
Department of Energy's license application. As part
of that review, I assume you're going to be reviewing
their estimates of corrosion rate, passive film
stability, and so on. What if there's a difference?
What criteria are you going to use to make judgments
about their inputs?

DR. AHN: I would 1like to defer that
guestion to Dr. Hill.

DR. HILL: Britt Hill, NRC staff. We're
going to be -- in part, the reason that we're doing a
TPA code is to provide us with a perspective of how
much these differences may or may not matter. But
let's make no mistake, we're not establishing a
position or basis that somehow this work defines what
corrosion is. That's never been the intent of our
independent investigations. It's to provide an
independent view of how these processes and associated
uncertainties may or may not affect repository
performance.

What we have is helpful for our review.

It's not a baseline for the Department to measure
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itself against. They will present their information
that they've marshaled over the past decades of work,
and we will review that information in light of our
independent investigations, as well as in light of the
state of the 1literature that's relevant to this
investigation.

DR. WEINER: Well, let me give you an
example. I have some questions about this humidity
deliquescence, and my guestion i1is, have you ever
actually done an experiment in the tunnel to see if
dust - to what extent the dust in the tunnel absorbs
water?

Now let us suppose that your estimate of
the effect of humidity deliquescence differs from the
Department of Energy's, and that in your case it has -
- the TPA is sensitive to this, and 1in the
Department's it is not. How are you going to -- what
is your reconciliation path?

DR. HILL: Britt Hill, NRC staff. That
would completely depend on the basis that DOE presents
for why they developed these numbers for dust
deliquescence, and their understanding of the process.

There's no way I can speculate about how we would

resolve thisg, without knowing the technical details
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that the Department has brought forward in their
license application, and how they may or may not be
different from the information that we have available
for our review, including our own information. So
it's unfortunately a rather open-ended question that I
can't answer, except to inform the Committee and
members of the public that our information is one
piece of the information that we'll be using during
our review. It does not establish the baseline for
reality or truth, but it is an informed, independent
look at potentially risk-significant processes that
we're going to have to review and make these sort of
decisions.

DR. WEINER: Thank you very much. I'm
going to, at the risk of cutting staff off, I'm going
to move to our next speaker, because we're already
behind schedule. And that is Darrell Dunn from the
Center. Please go ahead, Darrell. And please let's
hold all qguestions wuntil the end of Darrell's
presentation. And I'll do the same.

MR. DUNN: Thank vyou very much. My
presentation today is Evaluation of Waste Package and
Drip Shield Juvenile Failure Rates. Again, my name is

Darrell Dunn with Southwest Research Institute.

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




37

Before I start, I'd like to acknowledge my many
contributors from both the NRC and the CNWRA.

The outline of my presentation is shown
here. I'll go over our definition of what 1is
considered a juvenile failure, and then go over some
factors that influence juvenile failure rates. This
is mainly information that's collected from the
literature, from industrial examples. Then talk a
little bit more about industrial failure rate data,
and what parts of that are applicable, and what parts
of that are not applicable for this particular
application. And then talk about some uncertainties
for the waste package and drip shields mainly
associated with the manufacturing of those components
that may affect juvenile failure rates. And then,
finally, a summary.

Juvenile failure in this context is
defined as penetration through the waste package, or
the drip shield during the pre-closure period, so it's
some type of perforation that completely compromises
the integrity of the waste package or the drip shield.

There may, of course, be defects that do not
penetrate the waste package or the drip shield, and

they may exist at the conclusion of the pre-closure
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period.

In the TPA code, juvenile failures are
conservatively estimate to occur at the start of the
post-closure period, so at time equals zero. And the
TPA code contains models to evaluate other degradation
modes, such as stress corrosion cracking, or localized
corrosion, that may depend on, or be associated with
those defects that do not penetrate through the waste
package, or the drip shield, so those things may act
as initiators for subsequent failure processes.

From our review of the literature, there
are a number of factors that influence juvenile
failure rates. Certainly, design codes and
requirements. The more stringent design codes and
requirements tend to, of course, decrease juvenile
failure rates. Much of that 1is associated with
experience during these manufacturing processes.
Material selection, of course, has an impact on
juvenile failure rates. The appropriate selection of
the material, the incorrect use of materials in given
applications, incorrect weld wires, for example, can
alter juvenile failure rates.

Fabrication processes, most of the initial

defects that are found that are associated with
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juvenile failure rates are associated with some
fabrication processes. That's not to say that all of
the Jjuvenile failures are associated with the
fabrication processes. For boiler and pressure
vessels, for example, only about 30 percent of those
failures are really associated with a defect that's
induced in the fabrication processes. Other parts of
those failure rates, those failure data really point
to operating parameters and conditions, so things like
pressure, temperature, thermal cycling, and fatigue
contribute to failure rates of those components.
Non-destructive examination and
inspection, there is good data in the literature that
shows that the increased use of non-destructive
examination and inspection reduces juvenile failure
rates. There are data sets where the high integrity
vessels that have been subjected to more extensive
non-destructive examination during the initial
fabrication, or during inspection, have
demonstratively lower failure rates. And, of course,
human reliability considerations. That really spans a
range of processes, everything from incorrect use of
material, incorrect weld wires, for example, incorrect

operations for boilers and pressure vessels, for
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example, running a boiler or pressure vessel dry,
obviously, contributes to failures.

The information that we learned from
reviewing industrial failure rate data is that the
failure rates from industrial experience are not
really directly applicable to waste packages or drip
shields, and there are a number of reasons why this is
the case. There is some similarity in the materials
of construction, the fabrication processes that are
used, and the design code requirements. There are,
however, large dissimilarities in the operating
conditions, and inspection criteria.

If we look at boiler and pressure vessels,
for example, the failure rates of those particular
components go up significantly if we're looking at
higher pressures, or higher temperature operations.
And, also, the fatigue, and fatigue cracking is also a
big component of failure of those particular
components, which wouldn't necessarily be associated
with the waste package, or drip shield.

Some of the industrial data experience
over time demonstrates that the failure rates actually
decrease with time, as a result of increased operating

experience, improvements in non-destructive
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evaluation, improvements in design codes. Two of the
industrial data set examples that are probably most
applicable, as I've mentioned, are boiler and pressure
vessels that use similar fabrication processes and
design codes. And there are actually quite a few
literature out there on the failure rates of those
components. And, also, fuel rods, and storage casks,
which are examples from the nuclear industry.

One interesting set of data that's
probably most applicable is dry storage casks for
spent nuclear fuel. At the present time, or at least
the information that we currently have, is there has
been no reported failures of dry storage casks in-
service, and they've been licensed since 1986. There
have been some cases of weld defects found during
post-weld inspection of some casks. And, in
particular, there was some VSC-24 casks, four of which
had weld defects, and there were 19 of those casks in
service in 1998 when this particular data was
reported. I want to point out, though, that these
defects were found during the post-weld inspection,
and those casks were not placed into service.

With that said, there are some

uncertainties for the waste package and drip shield.
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There's some information that really needs to be --
additional information that needs to be obtained in
order to make an assessment of the probability for
initial failures, or initial defects. One of those is
the weld defect density, and the non-destructive
examination methods that are going to be used for the
fabrication of the waste package, and the drip shield.
There is some information out there, but it's not
fully developed.

One of the processes that has been
proposed for both the waste package and the drip
shield has been residual stress mitigation, and this
is to reduce the probability for stress corrosion
cracking. For the waste package, after the disposal
container is produced; that 1is, the shell of the
container, and the bottom 1lid, the disposal container
is proposed to be heated to a temperature of about
1,150 C for solution annealing, and then quenched in
order to impart compressive residual stresses on the
outer surface of the disposal container. That process
would serve to prevent stress corrosion cracking by
imparting compressive residual stresses, but there are
some uncertainties associated with that process,

particularly in terms of the non-uniform heating and
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cooling during that process, process variability. And
another process that's proposed is laser peening or
low plasticity burnishing for the outer closure weld,
because solution annealing cannot be used after the
waste package 1is loaded, and so, again, the
uncertainties associated with the process wvariability
and how you inspect that process to determine its
correct application is still somewhat uncertain.

Handling procedures and placement
processes are another uncertainty for both the waste
package and the drip shield. This may impart damage
to either the waste package or drip shield during the
emplacement or installation process in the emplacement
drift. And, finally, the process of both producing,
loading, and emplacing waste packages and drip shield
is a complicated process, and really a thorough task
analysis is necessary to evaluate the human error
rates associated with this process.

So my summary here, industrial failure
rates are really not directly applicable to waste
package and drip shields. However, we can get some
information about the industrial failure rates, what
types of process contribute to industrial failures or

initial defects. For the industrial components
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considered in our study, failures early in service due
to fabrication defects, deficient non-destruction
evaluation and inspection, and human error are common
sources of failures.

The decrease in industrial failure rates
has been noticed in several industries, particularly
nuclear fuel rod production, and also boiler and
pressure vessels. These decreases in failure rates
are attributed to increased experience, increased use
of non-destruction examination, and improvements in
design codes. And, finally, the uncertainties that
I've identified for the waste package and drip shield
manufacturing and emplacement processes, we expect to
be addressed.

DR. WEINER: Thank you. I'm going to ask
one question, ask the members to limit themselves to
one each so that we stay somewhat in time schedule. I
take it from your summary, and from the Center report
that you did not look at transportation packages at
all to see what kind of failure rates they have. And
these are packages that are used under all kinds of
conditions to carry very radiocactive materials. And
they have been in use for 33 or more years. Why

didn't you look at those?

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




45

MR. DUNN: I didn't have data on the
transportation cask. And if you're looking at the
Center report, I believe you're correct, that the
transportation casks were not looked at.

DR. WEINER: My question 1s why vyou
didn't. Were you unable to get any data?

MR. DUNN: That's a good guestion. I
would have to get an answer for you. I really don't
know the answer to your question.

DR. WEINER: I would suggest that they do
make a reasonable analogue to look at for this type of
package.

MR. DUNN: Sure.

DR. WEINER: Dr. Hinze.

DR. HINZE: Are there any welds on the
drip shield? And if so, is there any welding being
done at the site?

MR. DUNN: There will be plenty of welds
in the drip shield. I do not know if there will be
welding done at the site. I don't -- my current
understanding of how the drip shield will be
constructed in segments suggests to me that there will
not be welding at the site, but there will certainly

be plenty of welding in the drip shield.
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DR. HINZE: There will be an interlock
connecting them?

MR. DUNN: My understanding was that was
going to be mechanical, not welded.

DR. HINZE: Thank you.

DR. CLARKE: I'm going to pass, Ruth, too.

DR. WEINER: Good heavens.

DR. HINZE: Can I ask one question?

DR. WEINER: Yes, please.

DR. HINZE: The third slide, the third
bullet. You're conservatively estimating these to
occur at the start of the post-closure, yet we're
talking about pre-closure period. I assume that
that's some mechanics of the TPA code that's making
that conservative assumption necessary?

MR. DUNN: Right. So there 1s a
distribution of failures that is assumed in the TPA
code. That distribution is assumed to be carried
through to the post-closure calculation, so you have a
distribution of Jjuvenile failures that's used
basically as an input to the post-closure performance.

DR. HINZE: Okay. Thank you.

DR. WEINER: I'm going to allow staff one

question each. All right. Having done that, I'll
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turn this over to Dr. Clarke. Dr. Ahn, we're going to
turn to you again to tell us about Dissolution
Processes for Commercial Spent Nuclear Fuel in
Repository Conditions. Thank you.

DR. AHN: Thank you very much. I would
like to talk about dissolution process for commercial
spent nuclear fuels in repository conditions. The
focus is on the commercial spent nuclear fuel because
over 90 percent of radionuclide inventory is extracted
from commercial spent nuclear fuel. Also, I would
like to acknowledge my co-workers of the NRC, as well
as the Center for their contribution to this
presentation.

The outline is  purpose, and then
commercial spent nuclear dissolution process. I will
talk about why dissolution process is important in
terms of release mode. And then I will discuss the
principal factors for matrix dissolution. Matrix here
means irradiated Uranium dioxide. Those factors
include the in-package water chemistry where the
failed waste package inside the water chemistry is
important in assessing the impurity of the solution.
And then conditions of spent nuclear fuel before water

contact. For instance, prior oxidization or prior
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hydration will play a role in assessing the
dissolution process.

Groundwater contact mode is another
important factor, as you mentioned. It could be drip,
it could be immersion. I will discuss that affect on
dissolution of waste form.

The purpose is present an overview of key
processes for the dissolution of commercial spent
nuclear fuel at conditions representative of potential
Yucca Mountain Repository, and discuss the
significance of uncertainties in important processes
that affect spent fuel distribution models in package
water chemistry, spent fuel characteristics, and the
groundwater contact mode. The basis established here
will be used in model, component assessed models. The
basis of the component model will be presented here.

This is a cartoon of commercial spent fuel
in the dissolution process. This is drift area, and
waste package drip shield is failed, and the seepage
water will get into the commercial spent nuclear fuel.
And the fuel will dissolve, and the radionuclide will
migrate in the geosphere. Why UO2 dissolution is
important, because UO2 dissolution is congruent with

the release of Technetium 99 and Iodine 129. Those
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two elements are important to those in the early stage
of repository performance. There are other two types
of radionuclide release considerations. Second one is
a proton released from Plutonium, as well as limited
release Neptunium. Those two release modes will be
discuss in the coming TPA presentation to you.

Principal factors for matrix Uuo2
dissolution are reaction products of U0O2 with H20
depend on electro chemical conditions of UO2 for
dissolution, and the hydrolysis of dissolved species.

Usually, start with UO2 plus X, UO2 plus three three,
and then hydrolyzed to become share products. And the
controlling principal factors include impact with
water chemistry, including the concentrations of
carbonate/bicarbonate ions, oxygen, iron, iron
corrosion is one example affecting the dissolution Dr.
Hinze mentioned. And other cations, such as silica
and calcium ions. PH is also an important factor, as
well as temperature.

The conditions of the spent nuclear fuel
before water contact; for instance, the extent of pre-
oxidation. That means pre-oxidation and pre-hydration
could increase the surface area of fuels that could

increase the dissolution rate 1leading to higher
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radionuclide release. And the grain-boundary
characteristics are also important because grain-
boundary contains more radionuclide than the matrix.
That's one reason. Also, radionuclide release is very
fast. Also, in many testings, people observed grain-
boundary could open up, increasing the total surface
area waste form to be dissolved, increasing the
dissolution rate. And the third one is groundwater
contact mode, where the seepage rate is very low under
potential repository conditions. Therefore, the
variation of seepage rate versus the total surface
area waste form is very important in determining the
dissolution rate.

Depending on internal corrosion of waste
package, you could get the scenarios for immersion or
the drip conditions on waste form. And extent of
cladding protection is also discussed in this
presentation.

This is a cation impact in water chemistry
case. The Y axis is the solution concentration with
time in X axis. It started with adjacent to well
water. The Y axis is in log scale, and when the
solution changes the pure carbonate solution, the

dissolution increased by a factor of 10. Then adding
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the culture and silica, the dissolution rate dropped
in a couple of other major ways. Later on,
temperature increased, that decreased the dissolution
rate further. Therefore, in this figure after Wilson
and Gray, cation in the silica tend to decrease the
matrix dissolution rate by two order of magnitude or
more at room temperature, compared with those in pure
carbonate solutions.

Primary uncertainties, this effect may
disappear at the lower pH. We don't know the contact
information here. Rate of cation depletion, because
seepage water is very small amount, therefore, cation
may be depleted shortly. Nevertheless, the formation
of Schoepite without cations still can inhibit the
dissolutions.

A second one is pH effect in package water
chemistry. As you see here, dissolution rate, Y axis
in linear scale, and a typical pH. In the lower pH
range, you could see the dissolution rate increase
substantially. Data under oxidizing conditions matrix
dissolution rate increased by a factor four to ten,
greater than ten at pH3 compared with pH below 5.
Metallic cations, such as Chromium, from internal

corrosion could decrease the pH to affect the
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dissolution of spent fuel. And the primary
uncertainty here is the magnitude of pH variation from
the internal corrosion of the waste package.

Next one is Oxygen and Iron Concentration.

The corroding steel from the inner container
corrosion may decrease the local oxygen concentration,
which in turn decrease the matrix dissolution rate at
least by a factor of ten. Also, when secondary phase
forms UO2, the gap between secondary phase and UO2
still may form a depleted oxygen, that will decrease
the dissolution rate, too. And radiolysis here you
can see there, oxygen is in air-buffered repository is
sufficiently abundant to offset the production of
accident by radiolysis.

Temperature effect, we have very big
uncertainties here. Activation energy ranges from
zero to 47 kj/mol. 1It's mainly from the formation of
secondary phases. Under immersion conditions, in the
literature, 24-33 kj/mol assessment model.

And pre-oxidation and hydration, two
things are important here. When you pre-oxide, say
U308 from volume expansion you would have either inter
or intra granular spallation, increasing the total

surface area of fuel, increasing the dissolution rate,
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increasing the radionuclide release. Hydration, too,
UO3xH20X.203 could cause brine powder, too. This
dissolution would occur under seepage water
conditions. However, if prior condition give this
kind of oxidation and hydration, it will increase the
dissolution rate. There is some database presented
here.

In addition, when fuel is subjected to
dissolution, a continuous hydration and oxidation
could penetrate through the grain boundaries, and
continuously increasing the fuel surface area. Grain
boundary inventory is very important. In the TPA
exercise, grain boundary inventory is considered to be
released instantly. On the other hand, matrix
dissolution is considered as a long-term release of
Technetium or Iodine 129. Nevertheless, 1in actual
testing, it is very difficult to distinguish whether
radionuclide isgs from grain boundary, or a matrix
dissolution. For instance, here total release is this
time scale is almost a thousand years, and from grain
matrix, and grain boundary. You see even in thousand
year, the release is dominated by grain boundary.
Therefore, for instance, tests with fragment from

dripping flow-through, immersion tests show
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substantial amount of grain boundary radionuclide.
Actually, that was used 1in determining matrix
dissolution rate. Actual true matrix dissolution is
very much lower when it's used in TPA, any performance
assessment.

And when waste packages fail, you form
perforations, cracks from corrosion, stress corrosion
cracking, et cetera. And, therefore, the dripping
rate is very small amount. Seepage water is 1.550
liter per year, and i1f you normalize with respect to
total surface area of fuel, it's very small amount
water will come in. Therefore, wvarying the seepage
water drip rate changed the dissolution rate. For
instance, increasing drip rate by 10 times, increase
the dissolution rate 10 times. And actual drip rate
testing in the literature are mostly much higher than
the repository drip rate normalized with respect to
fuel surface area. Therefore, dissolution rate could
go down further. Uncertainties here are in
extrapolating test to repository condition. Most data
were obtained from small amount of fuel testing in the
lab.

Failed cladding protection from stress

corrosion, cracking, pinning, et cetera, you could
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have holes, pinholes, or micro cracks. Tests
conducted to simulate the affect of those holes and
cracks, they made a slit or hole defect to the
cladding and observed 10 to 100 factor changes of
release. This Iodine and litmus are indicator of the
matrix dissolution; therefore, it could inhibit the
release substantially.

Nevertheless, if you have complete
failure, like 50 percent fuel exposure, the affect
diminishes. However, here significant uncertainties
is in times, and extent of the cladding defect, how
far it could propagate, how much the surface could be
exposed from the cladding failure are not very well
known.

In summary, spent fuel dissolution rates
are more sensitive to variation in temperatures, and
Calcium and Silica ions could decrease spent nuclear
fuel dissolution rate more than an order of magnitude.

And release from grain-boundary/gap inventory 1is
substantial component of effective release rate by a
factor two to ten of the long-term true matrix
dissolution rate.

Other factors that potentially decrease

dissolution or release rate are low drip rate of
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seepage water, and the small opening of cladding, and
the presence of ion compound forming reducing
environment. And other factors that potentially
increase the dissolution rate are low pH increase the
release rate, and the pre-oxidation and hydration
increasing the surface area of the fuels to increase
the area for dissolution. And a range of information
and analogue primarily from a laboratory experiment to
support staff review of commercial spent nuclear fuel
dissolution models. Thank you.

DR. CLARKE: Dr. Ahn, thank vyou. We
appear to be somewhat back on schedule, but I'll ask
the Committee to be sensitive to the time so that we
can stay on schedule. I just have one question, and
please correct me if I'm wrong in my assumption.

The work that you have presented to us
today, along with a lot of work that's in the
literature, I believe, is using unirradiated fuel.
The materials that might go to a geologic repository,
could go to a geologic repository. On the other hand,
they're clearly irradiated, and much of it could be
high burn-up. 2And I guess my question isg, do you feel
that vyou have a technical basis to manage the

uncertainty associated with that difference?
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DR. AHN: Yes, we have some uncertainties.
For instance, coming from high burn-up fuel. It's

rather increasing the surface area than the radiolysis
in this cell. As I indicated, we have oxidative
repository compared with the rest of the world;
therefore, we have abundant oxygen available to offset
the radiolysis effect, if you draw the dissolution
rate versus radiation effect. The oxygen buffer is in
the end, actually, so it will offset. On the other
hand, as I indicated, other effects, such as area
increase need to be considered further.

DR. CLARKE: So within the context of a
probabilistic approach?

DR. AHN: Yes. A range of --

DR. CLARKE: Okay. Thank you. Ruth?

DR. WEINER: First of all, I'd like to
make a comment. I hear you just mentioned, and I hear
it frequently, that because there is iron in the
repository, you will have a reducing environment. I
suggest you look at the work that was done on the
waste isolation pilot plant, because we could not
predict with any kind of certainty whether the iron
would dissolve, whether it did, indeed, create a

reducing environment. And that's a very questionable
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conclusion to draw.

When you have fuel rods, you have fuel
rods sitting in fuel pools under all kinds of chemical
conditions, and you're talking about the dissolution
rates of spent fuel rods. What kind of comparison can
you draw with what sits in the fuel pool?

DR. AHN: Actually, some of this testing
and literature used fuel from fuel pools.

DR. WEINER: And what did they find?

DR. AHN: Actually, they didn't notice any
specific effect of the pool water there. I don't
think they reported that, as far as I know.

DR. WEINER: So if you don't get
dissolution -- the dissolution rates in fuel pools
ought to be at least comparable to what you're looking
at, wouldn't you say?

DR. AHN: Yes. Actually, we analyzed the
chemistry of pool water. Most of fuel rod there is in
tact; therefore, very -- release fraction is very
small compared with dissolution rate here. Here we
consider very long period of time after the cladding
failure; therefore, dissolution rate is higher than
what we observe in the pool.

DR. WEINER: One of your Center reports
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mentions using temperature as a time surrogate to try
to reproduce what would happen at lower temperatures
over 1longer periods of time by accelerating the

process by heating. What kind of results do you get?
Can you do this?

DR. AHN: Yes. It's activation, and in
performance assessment. We'll talk more in detail
next month, so actually it's time-dependent, also
temperature-dependent dissolution is used, rate is
used.

DR. WEINER: And I have one final
guestion. Could we go back to Slide 5 of your first
presentation? Would that be possible?

DR. AHN: First presentation.

DR. WEINER: Yes, your earlier
presentation on corrosion of waste package and drip
shield, if you could do that.

DR. AHN: Yes.

DR. WEINER: Okay. Aren't you making some
assumptions in your dust deligquescence region there
that the water will actually be more in contact with
the waste package than with the dust? In other words,
you're going to get -- water has surface tension.

DR. AHN: Yes, that's --
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DR. WEINER: And vyou're going -- the
surface tension is going to keep it bound to the dust,
rather than water. So it seems to me that your dust
deliquescence, that will affect the dust
deliquescence, and when you go to the brine period, by
this point, your solution is very dilute, and so it
wouldn't be so much brine corrosion. How do vyou
reconcile those?

DR. AHN: Actually, that's a wvery good
point. Yes. Actually, the deliquescence period will
continue to this area, too. However, the dominant
corrosion failure is from seepage water. That's why
we made distinction. You are absolutely right, this
will go on continuously here, but it will be dominated
by seepage water. Again, here, yes, the deliquescence
-- you could assume several different assumption of
capillary holding of water, either dust or on to the
metals. Brett Leslie may --

DR. LESLIE: This is Brett Leslie. In
fact, the Center has conducted two new studies being
presented at the Materials Research Society, and I
think Materials and Metals Society meetings. One was
a modeling study, because one of the questions, and

one of the things that DOE has suggested for screening
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out dust deliquescence is the capillarity of the dust
particles. So modeling studies suggest mo may or may
not be possible, given the actual forces involved, so
they've done some modeling to that effect.

The second aspect 1s the Center has
conducted some studies using salts mixed with silica,
I mean, basically ground up teff as a surrogate to
dust, and assessing whether that -- whether you get
localized corrosion on carbon steel, because you can
easily see the corrosion there. And so those
presentations are out in the public right now, just as
a way of background.

DR. WEINER: Thank you.

DR. AHN: One more addition, this is from
modeling studies; however, still schematic. As T
mentioned before, this line could go further, so it's
illustrations.

DR. WEINER: Are you planning NUREG from
these studies?

DR. AHN: Yes, this one. I'm not sure. I
should ask Britt whether it will be or not. It's not
certain at this point.

DR. HILL: Britt Hill, NRC staff. In

addition to the information that we presented today,
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of course we have a number of ongoing studies in this
area, and we anticipate one or two additional reports
sometime during the coming fiscal year.

DR. WEINER: Thanks, Ruth. Dr. Ryan.

CHAIRMAN RYAN: Looking ahead to October,
I guess you're going to give us some insights as to
how this all factors into estimates of release of
radioactive material. Are you going to kind of carry
this story forward to the next step then?

DR. HILL: This is part of the story that
we'll be discussing. It wasn't one of the particular
focus areas that the Committee was interested in. I
think the goal for October was to look at the most
significant changes between 4 (1) (j) and the current
release.

CHAIRMAN RYAN: So as these things filter
into that story, we'll hear a little bit more about
it.

DR. HILL: Yes.

CHAIRMAN RYAN: Okay.

DR. HILL: They are filtered into the
story, but I'm not giving anything away by saying we
haven't completely zredone our approach, or our

mechanistic basis for evaluating corrosion. This is
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an approach that we've used for many years.

CHAIRMAN RYAN: Certainly. That's
helpful. Thank you.

DR. CLARKE: Allen.

VICE CHAIR CROFF: 1I'd like to come back
to a theme that Drs. Clarke and Weiner picked up on,
and put a maybe even sharper point on it. This
concerns the radiolysis effects and oxygen. And I'm

puzzled by, I guess, a couple of things. One, the

statement, oxygen in an air-buffered repository
environment, this is Slide 8 in your other
presentation. Oxygen in an air-buffered repository

environment is sufficiently abundant to offset the
production of oxidants by radiolysis. I'm not
entirely understanding how oxygen offsets oxidants.
DR. AHN: The dissolution rate of the UO02
is very =sensitive to oxygen concentration in
dissolution. In other words, eh conditions. It can
change the dissolution rate many order of magnitude,
as tested in overseas reducing conditions. However,
there's a common factor both in reducing and oxidizing
condition is that reducing conditions, radiolysis will
produce oxidant. However, they change radiation

strengths, and they tested without radiation in pure
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oxygen environment, and the dissolution rate increased
things, and finally saturated at the level of free
oxygen available, which is our repository case.

VICE CHAIR CROFF: Okay. That sort of
brings me into my second. Well, I think I understand
that. But on the presence of the steel components and
reducing versus oxidizing, I'm -- as I understand what
literature I've read, even though there's a lot of
oxygen in the repository, the issue is what's present
at that last fraction of a millimeter --

DR. AHN: Exactly.

VICE CHAIR CROFF': -- with a
representative amount of alpha radiation, in
particular. And the experiments I thought I read

about sort of said basically right near the surface
the oxygen isn't there, but there are acid species
produced.

DR. AHN: Yes. Actually, that's why T
presented one slide, the effect of oxygen and iron.
And two aspect, steel corrosion could consume the
oxygen locally. Also, the secondary phase formed on
top of UO2, that will block the oxygen in-flow. On
the other hand, as you indicated, there will be alpha

and gamma radiolysis, too. Therefore, in our
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performance assessment model, we considered all those
factors as treating the uncertainties.

VICE CHAIR CROFF: And have vyou got
experiment to back that up?

DR. AHN: We are more based on the
literature at the present time.

VICE CHAIR CROFF: Okay. I wanted to come
to one other thing. This is -- well, we don't have
that one up. One of your last slides where you're
looking at failed cladding protection.

DR. AHN: Yes.

VICE CHAIR CROFF: It says relative to
unclad spent fuel, release decreased by a factor of
140 for Technetium, 700,000 for Iodine, and 65 for
Strontium. I thought the initial assumption was
congruent dissolution, so how come Technetium and
Iodine are so different?

MR. AHN: Oh, it's dependent on the
absorption properties. Clad is something that is very
long. You have a hole there, or slit there.
Depending on the water intrusion mode, as well as
absorption inside a gap, there are a lot of
complications that, therefore, nobody uses such high

numbers. Just showing you, it could affect the
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release rate substantially.

VICE CHAIR CROFF: And have your
experiments shown that if you just use fuel matrix,
that the release of Technetium and Iodine 1is
congruent?

MR. AHN: Generally. There 1is some
uncertainties there. Some people argue Technetium
could form a phase that may not represent fully, but
generally, Technetium and Iodine are considered as
marker for the UO2 matrix dissolution.

VICE CHAIR CROFF: Okay. Thanks.

DR. CLARKE: Dr. Hinze.

DR. HINZE: Well, half a question. In
your purpose, you talked about investigations under
the conditions representative of the potential Yucca
Mountain Repository. I'm wondering if you've looked
at any of the possible extreme conditions, and I'm
referring particularly to ore deposits that may occur
within the Yucca Mountain region. I recall that this
Committee back in the early 90s held a working group
meeting on the impact of mineral resources on Yucca
Mountain as a repository. And one of the comments
that came out of that kind of stuck with me, and that

is that a Vice President of Expiration for one of 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




67

major companies in the U.S. stated that if Yucca
Mountain was open to them, that they would be out
there doing mineral expiration. It seemed like a very
fertile area. And I know that Dr. Hill has an
experience in ore deposits, and is very knowledgeable
of the extreme chemistries in terms of fluorine, in
terms of chlorine, and a number of other elements that
might occur.

What happens if this deposit, 1if this
repository encounters an ore deposit? And have you
looked at kind of the extremes of the chemistry that
you might have?

DR. HILL: Britt Hill, NRC staff. Could
we try to understand more what sort of a deposit we're
talking about?

DR. HINZE: Well, we're talking about
deposits of hydrothermal deposits. We might be
talking about silver, we might be talking about gold,
like we have right across the plat, and some of those
deposits, going back to my ore deposit days, they're
certainly high in fluorine, they're high in chlorine,
they're high in sulfur, they're high arsenic, et
cetera, these hydrothermal deposits. Have you looked

at this at all?
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DR. HILL: Again, Britt Hill, NRC staff.
There's been gquite an extensive site characterization
program, as you're aware of, carried out over this
block for many years. I'm not aware of any evidence
of any sort of epithermal or hydrothermal
mineralization that's resulted in large changes in
mass balance with the rock, such as you'd normally see
in a gold-type deposit.

DR. HINZE: Well, they're very limited
penetration of the mountain, as you well know. Very
limited penetration of the mountain, and ESF and a few
vertical holes. There has been very limited induced
polarization studies to look at any possibility of
mineralization. I'm coming off the wall, and
purposefully. Is there a chance that we're not
looking at the complete range of chemistries?

DR. HILL: Again, I could tell you from an
exploration geologist perspective that there's no
pathfinders, there's no indication that such a
condition of mineralization is occurring in the upper
300 meters of the repository. There has been a number
of investigations focused on looking for such
pathfinders, mainly back during the early 90s in the

site characterization program. I can't eliminate such
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a possibility completely from consideration, but it
appears to be a very unlikely condition given our
current state of knowledge.

My colleague, Gene Peters, also from NRC
would like to add a comment.

MR. PETERS: I'd like to build on what
Britt said, and that although the exploration in the
area has been limited, perhaps as you say in a spatial
extent by the sheer wvolume of rock versus that
explored by the ESF and ECRB, but the down-gradient
water chemistries that should serve as an integrator
of any large-scale area-wide phenomena do not show any
extreme chemistries. The J-13 well water cited by Dr.
Ahn and the results, for example, the Nye County early
warning drilling program wells do not indicate any
large-scale extreme chemical excursions from what we
would expect.

DR. CLARKE: Okay. Dr. Ahn, thank you
very much. At this point, let me turn the meeting
back to our Chairman.

CHAIRMAN RYAN: Thank vyou wvery much.
We'll look forward to October for Part 2 of this, and
other interesting areas you'll be working. I really

appreciate the detail of your briefings, and thanks a
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lot.

DR. HILL: Thank you.

CHATIRMAN RYAN: Okay. Without further
ado, we'll turn our attention to our next briefing,
which we'll take a minute to set up. Dr. Don Cool is
with us. Dr. Cool will talk to wus about the
discussion and role -- the NRC role in the
International Commission on Radiological Protection.

(Off the record comments.)

CHATIRMAN RYAN: Okay. Could I ask
everybody to come to order, please. We're going to go
ahead and get our 1last briefing of the morning
started.

MR. COOL: We'll see if we can get the
electronics to catch up with ourselves in a moment.
Then I will use those. In the meantime, I know that
there are handouts in the back of the room. I think
you have copies of the slides, so with your agreement,
we'll go ahead and get started.

CHAIRMAN RYAN: Please.

MR. COOL: I'm Donald Cool, Senior Advisor
for Radiation Safety and International Liaison, FSME.

I don't even try to say it all out. What our hopes

to do today with you is to very, very quickly walk you
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through some of the interactions that we are currently
engaged in in international radiation protection.

Going ahead to Slide 2, simply note that
this is a multi-faceted area. There are lots of
players, there are lots of different activities that
are going on, so there are lots of opportunities, as
well as challenges in the process of trying to stay
aware of the activities that are going on, and trying
to influence those.

Understanding that part of why we're
having this discussion is because you have a little
SRM item that you need to write a letter on. Most of
this presentation will be focused on things related to
ICRP, but in order to give you some context, we'll
talk briefly about some of the other things.

Okay. So who's got control of the slides?

MR. HAMDAN: You do.

MR. COOL: No, I don't. 1I'd like to go to
Slide 3. Okay. To briefly introduce the whole area
of international radiation protection, there are three
fundamental areas of play, the first Dbeing the
technical basis area, particularly health effects
studies and otherwise, the United Nations Scientific

Committee on Effects of Atomic Radiation, the United
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States Biological Effects of Ionizing Radiation set of
reports which provide the underpinnings for radiation
effects on the body. That gets translated into
recommendations. Internationally, the International
Commission on Radiological Protection, ICRP's last set
of recommendations in 1990, Publication 60. The NCRP
also has some recommendations that parallel those.
And then those get translated into actual standards
and guidance. The International Atomic Energy Agency,
the European Commission, various member states, lots
and lots of people get involved in that.

An organization that you don't see here
because they publish a different sort of style of
document, and have a somewhat different focus is the
Nuclear Energy Agency of OECD. They are an
organization of more developed nuclear programs, and
they have a more forward-looking focus exploring
what's coming along the lines, rather than a specific
focus of actually drafting guides and standards for
use by various member states. They are a very
important organization, and one of the vehicles that
we use to try and continue our participation. Go to
the next slide.

So with a technical basis, just simply to
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note so that you've got it on your record, UNSCEAR and
BEIR. There are, of course, the DOE low-dose programs
that the Committee has been looking at very closely, a
variety of other activities which all feed into this
type of work. Go ahead to the next slide.

The International standards, the
International Atomic Energy Agency, and they're
basically safety standards, Publication 115. Also,
the European Commission has a set of basic safety
standards which are, in fact, mandatory for member
states of the European Union. There is a very active
process that's involved in trying to develop an
international standard, if you can go ahead to the
next slide. I, by no means, intend to actually try to
walk you through all the details that are actually on
this slide. Hopefully, they'll actually show up.
There we go, just sort of keep looking at it for a
moment there. It actually comes up 1in several
segments.

Suffice it to state for your purposes,
that there are multiple places in which there can be
interactions. There are the efforts to actually draft
the documents, there are the efforts to review the

documents through the safety committees, that's the
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material that vyou actually have here. There 1is
actually a U.S. individual, which is the U.S.
government representative, or co-representative on
each of the review committees, there are the actual
member state comment opportunities which will
eventually come up on this, where we formally get
those documents, and we, as the U.S. government,
actually provide formal comments to IAEA, et cetera.
So there are many opportunities in this process to try
and express our views, and to try and assure that the
IAEA standards have some measure of consistency, or at
least do not have significant differences that could
cause problems with the U.S. regulatory program.
Let's see if we can just go ahead to the next slide.
I had no idea that was going to take that long to
draft through.

The next slide, Slide 7, simply to note
for you that there is currently a revision underway
for the International Basic Safety Standards at IAEA.

The process has already been ongoing for about a
year. I expect a draft of that Basic Safety Standards
to actually be available on IAEA's website soon. You
ask me what soon is, and I will tell you that it was

originally supposed to be posted on Friday, and it
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wasn't there when I last looked a few minutes ago, but
they've promised that it will be there so that we can
look at it before the Radiation Standards Committee
meeting the third week of October. That sort of
provides a boundary on what soon will be.

We have Dbeen participating in the
development of the document preparation profile and
the background, in the drafting with the technical
meeting that occurred in July, as well as supporting
efforts in the Joint Secretariat of the International
Atomic Energy Agency, and other international
organizations that will eventually sponsor these
recommendations. Go ahead to the next slide. We'll
get ourselves to ICRP.

The International Commission on
Radiological Protection provides recommendations for
radiation protection community. It is one of the
bases that we use in looking at 10 CFR Part 20, and
others, as DOE, and EPA, and other federal agencies
look at it. NCRP provides a similar activity here in
the United States, and we try to use both of those
sets of documents and reports. Next slide.

Just by little bit of background, because

this 41is, 1n fact, one of the differences that
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influences the extent to which we can influence and
participate. ICRP 1is actually an international
charity. They are not an international organization
of the United ©Nations or something 1like that.
Membership 1is independent of any organizational
representations or otherwise. Individuals are invited
to participate on the main commission or the
committees on the basis of their expertise and
background. So unlike when you go to IAEA and you
have official USG representatives that have been
nominated by the State Department, there's no such
chance to influence this. There's no such chance that
the United States can say we want thus-and-so or an
individual to be participating at this particular
point. Now the United States has been fairly
successful over the years, because of the number of
individuals that we have here, so we have members from
the United States on the different committees and the
main commission. Go ahead and go to the next slide.

As a reminder of background, the main
commission of ICRP has now five committees, Radiation
Effects, which examines the work of UNSCEAR, BEIR, and
others developing the underlying relationships of

radiation and biology. The doses from radiation
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exposure, these are the folks that develop the various
models for the biology and translate it into
conversion of doses from internal and external
sources. Protection in medicine, which is actually
where ICRP got its start back in the 1920s. It's
focused on medicine, because the radiologists were
busy frying themselves back in those days. The
application of the ICRP recommendations translate the
philosophy into some practical documents and support,
and the newest of the committees started just two
years ago, which is protection of the environment.
Next slide.

ICRP has become increasingly engaged with
a variety of stakeholders and organizations as they
develop their document. Over the last several years,
they have moved to a fairly consistent policy of
putting drafts on the website, the ICRP website, for
public consultation. Comments can be submitted
directly to ICRP, and those are considered as the
various task groups continue their work. So there is
one direct opportunity for providing comments. This
is only over the last couple of years.

So what's currently ongoing and on the

horizon? This is, by no means, a complete set. First
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of all, the long anticipated new recommendations. We
do expect to be published this year. I think the
Elsivier site, Elsivier is the publishing company that
actually publishes the annals of the ICRP, is saying
October. We shall see. I actually thought it was
going to be a little sooner than that, but I think
they're still trying to sort out some of the details
in editing. Of course, as with any international
organization, when you get 12, 13 different people
from countries all over the globe with all of their
native languages, and then you try to get everybody to
agree, and you get down to the nitty-gritty of
particular words and terms, it can go back and forth
for a while.

We expect reports to be coming that we
would have an opportunity to comment on related to
emergencies in existing exposure situations out of
Committee 4. I expect that there will be another
draft of the Reference Plants and Animals document out
of Committee 5. We have seen one earlier version of
that document now almost two years ago. I understand
that the Committee will be considering in Berlin a
version which they would then hope to make available

again for public consultation. I have not seen the
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detailed agendas for the other committees in the
meeting coming up in late October, so there may well
be some other documents that will be available for
comment over the next few months. The ICRP main
commission and committees meets the fourth week of
October in Berlin, Germany. Go ahead to the next
slide.

Do we have a strategy for influencing
them? Yes. Active engagement at each of the
opportunities that we can engage in might be a bit
satiric, but at some times it's sort of like the old
Chicago politics; vote early, vote often, get your
fingers in whenever you can in the various process of
the drafting to provide comments. We try to provide
both direct and indirect opportunities to get our
views, and the staff supplies comments directly to the
ICRP.

We have taken sort of two-pronged approach
to that. For the general recommendations, we actually
develop those comments, and got specific commission
agreement, so they became commission comments to the
ICRP. On the various draft documents of supporting
materials and others, they have been submitted by the

NRC staff as staff comments, and informed the
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Commission, but not actually trying to get the
Commission looking at some of the technical details.
Go ahead and have the next slide.

Currently, our participation 1looks a
little bit 1like this. I am, in fact, a member of
Committee 4, at least for the next year or so until
they re-up the committees. That occurs every four
years, so we shall see. As I said, we try to provide
direct review and comment on the ICRP documents. We
have an excellent opportunity in the international
forums through the Nuclear Energy Agency's Committee
on Radiation Protection and Public Health, and their
various expert groups, where we have been able to
participate, and have our comments represented within
international comments that have been provided to
ICRP.

We work with our other federal agencies,
EPA, DOE, OSHA, et cetera, through the Inter-Agency
Steering Committee on Radiation Standards to try and
coordinate and develop views, and ISCORS itself has
submitted comments on a number of the documents. And
we try to give them some money here or there, various
grants. The NRC, in fact, does provide a grant each

year to the ICRP, and supports a fair bit of their
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work. We can go to the last slide of this.

In addition to trying to actually
influence the development of the documents
internationally, we are about to start the process of
figuring out what we want to do in the United States.

Back several years ago, back around 2000, in fact,
the NRC staff provided a paper to the Commission that
suggested various approaches for possible revisions,
options for 10 CFR Part 20. At that time, a conscious
decision was made not to start a revision, and to wait
for the new recommendations of the ICRP to come out,
so that we wouldn't end up in the same place that we
did in 1990, where we had finally gotten through a
rather long public process, and gotten something out,
and then a new set of recommendations hit the street
within a few months. So we are now about to go back
and start to revisit that process. The staff has an
obligation to the Commission to examine the options
based on the new recommendations and other
information, go to the Commission roughly this time
next year. Have sort of a bit of a sliding scale, of
course, because until we get the ICRP recommendations,
and we actually know the bits and pieces that are in

there, it's a little bit difficult to engage in some
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of those discussions.

I will note to you that simply changing
Part 20, the Basic Standards for Radiation Protection,
is only one small piece of the puzzle, because, in
fact, there are radiation standard in other portions
of the regulations, in Part 50, Appendix I, Part 61
and other places. Some of those were not modified
during the last round of revision, which culminated in
Part 20's revision in 1991. So some of those actually
go back to ICRP Publication 2. And results, in fact,
if you look at the entirety of the various radiation
protection programs overseen by the Commission that
we're implementing at least three different sets of
recommendations at various points and pieces, so it is
just a bit convoluted and complicated. A desirable
goal would be to move everything to have a consistent
basis. That will be a lot of effort, because the
rulemaking itself for the regulation is only the
smaller piece of that puzzle.

In addition to that, we don't have just
NRC that we need to try and watch care, but the other
direction that we try to pursue is to work with our
other federal partners, EPA, DOE, and others, so that

the entire federal family could move forward towards a
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new consistent basis. Just as you have within NRC,
within the federal family, you have everything from
implementations of the ICRP Publication 60, to things
like the current OSHA standards, which are ICRP
Publication 2. So we have a great set of challenges
set out for us over the next couple of years.

And with that, Mr. Chairman, I'll stop
talking, and let you ask questions. Thank you very
much.

CHAIRMAN RYAN: Thanks, Don. Other than
this list of things you've got, there's not much to
do, I guess.

MR. COOL: Yes.

CHAIRMAN RYAN: The challenge to us is to
advise the Commission on -- advice to the Commission
on how the Commission can become more engaged in the
ICRP recommendations internationally. What are your
thoughts on that, specifically? You've listed a
number of the activities where you and other NRC staff
are engaged not only with the ICRP, but with other
international recommending and guidance organizations,
and nationally with ICRP, NCRP and so forth, and all
the inter-agency work that goes on. What do you think

that request for guidance is really focused on?
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MR. COOL: I think this is primarily
focused on continuing to look for and find each of the
available opportunities. I would note, for example, I
didn't include here, that we actually hosted an
international workshop on the recommendations about
two years ago. I would note that when the ICRP
Chairman is in town, he has met with the Chairman and
Commissioners of the Commission. Things 1like that
continue to be important.

Because the ICRP is an international
charity, there are, in fact, some limitations to the
kinds of places where we can engage for further
influence. The staff is trying to pursue each of the
available opportunities, and continue to look for
those. We welcome your support in continuing to do
that aggressively, because this is an agency with
constrained resources. And while there are clearly
relationships to new reactors and otherwise, we
oftentimes run into a bit of a crunch on the
resources, and the priorities of what can and can't be
done at any particular time.

What we have discovered is that the most
effective way to try and influence not only ICRP, but

the various IAEA standards, is to be in from the very

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




85

beginning, to be involved in the early drafting before
the words get settled down, because they are much more
difficult to change and influence once you get to the
review stage, which is why we have tried, particularly
for things like the basic safety standards, to be
involved in the early drafting processes.

CHATIRMAN RYAN: One of the things that
struck me in thinking about all this, and reviewing
the situation that you presented to us today, is that
we're not necessarily behind the curve, we're probably
right on the curve in terms of being contemporaneous
with what's going on. I mean, the Committee and the
staff have looked at documents literally as they've
come off the website into our hands, and had wvery
short turnaround times to effectively advise the
Commission, and subsequently get their views in a
letter, and get something back that met the deadline
from ICRP.

It strikes me that that's an ineffective
process, because you're, like I say, not necessarily
behind the curve, but you don't really have a whole
lot of time for detailed analysis, and thoughtful
development of ideas; although, I think you guys do

very well at that, and we're happy to help as we can.
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Is there any merit to thinking about how
do we become more strategic and forward-thinking?

MR. COOL: Well, the obvious answer is, of
course.

CHAIRMAN RYAN: And I guess my --

MR. COOL: The issue becomes the
mechanisms by which we might have an earlier view of
some of the documents, so that we, in fact, have more
time to look at the agendas, and other things.

CHAIRMAN RYAN: And I guess that's kind of
what I'm thinking about, is how can the NRC, or
perhaps even other agencies in the U.S. as a whole,
get an earlier and more meaningful involvement in the
drafting process?

MR. COOL: I will offer you one specific
suggestion. I know that a number of countries in
Europe have periodic interactions with the ICRP
Secretariat. Now ICRP, simply by nature of the
individuals and where the Secretariat is, i1s sort of a
Euro-centric-type organization, so the travel has
something to do with that. But one of the ways in
which we could potentially try to get a bit more
strategic 1is to try and find a mechanism on some

periodic Dbasis to invite ICRP Secretary, Jack
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Valentin, based in Sweden, to actually come and talk
about the programs of the Commission so that we can
understand the things that are coming before they hit
the plate on the website.

CHAIRMAN RYAN: Yes. And I think if the
NRC was the lead, and some of the other agencies are
invited to hear that, that might not be a bad thing,
because then maybe ISCORS could take up the issues of
those kind of things. I'm Jjust thinking about
suggesting that something that is more strategic and
more forward-looking in terms of activities like that,
and perhaps others, is a way to get ahead of the curve
a bit. I'm sure the criticism will be levied that we
are also, as you pointed out, using a range from ICRP-
2 to ICRP-60, and why did you let it get like that,
would be the question levied at us.

MR. COOL: Yes. We get that gquestion
rather constantly, and reminded that the U.S. is
rather well behind other countries who have adopted
the ICRP-60 recommendations.

CHATRMAN RYAN: Well behind is a two-edged
sword. We're well behind in terms of being in
conformance with that guideline, but I guess we could

also raise the question, does changing a lot of what
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ICRP comes out with improve radiation protection
practice in the U.S.?

MR. COOL: That is the key question.

CHAIRMAN RYAN: And if it doesn't, then
maybe we shouldn't be. But whether we make a decision
to adopt or not adopt is kind of a different question
from being engaged or not engaged ahead of the bow
wave, so I would want the critics who would offer that
criticism to us to separate that question from being
engaged. I don't think it's fair to say because we
didn't adopt it, we don't get to play any more.

MR. COOL: And, in fact, I don't believe
the latter scenario is the case.

CHATRMAN RYAN: Yes.

MR. COOL: We have Dbeen able to
effectively participate, and our comments have been
very well received, and have been influential in
trying to move things forward, and structure things.
In part, the fact that the new recommendations, as we
understand they will come out, won't have a lot of
significant changes. And, in fact, clearly, align
with how the U.S. system actually functions, if you
can't always necessarily trace line-to-line for a

particular piece of regulation. It shows that, in
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fact, the system that we have here in the United
States for radiation protection is providing adequate
health and safety, is providing the job of radiation
protection. And the questions then really do become
the question of what are appropriate adjustments to
achieve a Dbetter alignment with international
organizations to be able to show that.

This is becoming increasingly important in
the reactor community, and otherwise. We know we have
vendors for some of the new reactor designs who have,
in fact, gone to IAEA asking for the comparison,
because they wish that as part of their marketing
strategies. Those factors, which are not part of a
typical backfit analysis that we would use in a
regulatory forum, will become increasingly important
in the global community.

CHATIRMAN RYAN: So how do we capture all
these strategic, and that's a much more forward-
looking strategic issue. How do we capture them? Is
this something that there ought to be a task force to
do, or a staff group that takes a look at emerging
guidance and regulation development in the world, and
says this is what might be for an impact on the U.S.?

And keep that an active group?
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MR. COOL: I think a staff group at two
levels. We, Vince and I, are currently in the process
of preparing to reinvigorate what was called the
Steering Committee on Radiation Protection, which
functioned as a series of managers from the major
program offices to oversee various radiation
protection activities. With a number of departures
over the last year or two, that as a formal group had
decayed just a bit. We are planning to put that back
in process, both to do the sorts of things that you're
talking about, and in preparation for the staff's
examination of Part 20, and other activities.

In addition to that, there has been, and
continues to be while not a formally documented staff
group, a well-functioning, more informal group of the
senior staff in the various offices who use each other
in the various reviews and the development of issues
and interactions. That will, I think, translate, at
least in part, more formally into a