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P-ROCEEDI-NGS
7:59 a.m

CHAI RMVAN RYAN: (kay, | adies and
gentl emen, we have a full day, so we'll cone to order,
please. This is the 4'" day of the 172" nmeeting of
the Advisory Cormittee on Nuclear Waste. During
today's neeting the Conmittee wll consider the
following; US Departrment of Energy Briefing on
Advanced Fuel Cycle Initiative;, Standard Revi ew Pl an
for Activities Related to the US Departnent of Energy
Waste Determ nations; the Research/ N MSS Dry Cask
Storage Probabilistic R sk Assessnment Study and the
Electric Power Research Institute Dry Cask Storage
Probability Risk Assessnent, Probabilistic Risk
Assessnent St udy.

We'll also have a brief discussion of
potential ACNW Letters at the end of the day. This
neeting is being conducted in accordance with the
provi sions of the Federal Advisory Commttee Act. |Is
Antoni o here. Derek Wdnmayer will be the designated
Federal Oficial for today's -- oh, I'm sorry, John
Flack will be the designated Federal Oficial for
today's initial session, sorry, John.

MR. FLACK: No probl em

CHAl RMAN RYAN: We have recei ved no
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witten coments or request for time to make ora
statenents from nenbers of the public regarding
today's sessions. Should anyone wi sh to address the
Comm ttee, pl ease nake your wi shes known to one of the
Commttee staff. It is requested that speakers use
one of the m crophones, identify thensel ves and speak
with sufficient clarity and volune so they can be
readily heard. |It's also requested that if you have
cell phones or pagers, that you kindly turn themoff.

Thank you very nuch and w thout further
ado, I'Il turn over today's opening session to Allen
Croff, Vice-Chair. Allen?

VI CE- CHAl RVAN CROFF: kay, thank you
M ke. Qur first session is on the Departnent of
Energy's Advanced Fuel Cycle Initiative. |'mvery
pl eased, we've got a number of representatives of DCE
and in the National Laboratories here to talk to us
about it and I1'd like to introduce Buzz Savage, who i s
the Program Director of the Advanced Nucl ear Fuel
Cycle Initiative and al so t he Manager of Research and
Devel opnent for the G obal Nucl ear Energy Partnership.
And 1'Il let Buzz introduce his speakers and any
introductory remarks. | think the only caution is
that we are on the record, so in answering questions,

you need to speak into the m crophones and |I' m not
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sure whether the mcrophone in that corner works or
not .
So, Buzz, I'Il turn it over to you

Ckay, thank you very nmuch, Allen for the i ntroduction.
My name i s Buzz Savage and | work at the Departnment of
Energy O fice of Nuclear Energy and nmy job for the
| ast three years has been the Director of the Advanced
Fuel Cycle Initiative which is the programfrom which
the d obal Nucl ear Energy Partnership is now com ng
into the forefront as our prem er vision for advanced
fuel cycles of the future. It is a pleasure for ne to
be here today.

| have two speakers who are subject natter
experts in the main facets of our advanced fuel cycle
research and devel oprment in the area of spent fuel
separations and treatnment systens, Dr. Jim Laidler
fromArgon National Laboratory and in the area of fuel
cycl es and fuel devel opnent work, Kanmal Pasanehnetoglu
fromldaho National Laboratory. Also in the audience
is Janes Bresee of our office in DOE. He is a subject
matt er expert in advanced fuel treatnent technol ogies
as well, so anong us we hope to be able to answer any
guestions that you may have on t he Advanced Fuel Cycle
Initiative in the 3 obal Energy Nucl ear Partnership

| want to point out that the G obal Nucl ear
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Energy Partnership was introduced to the world only a
few nonths ago and in the State of the Union Address
by the President foll owed by the Departnent's budget
roll-out in February of this year. The programis
still under devel opnment. There are many aspects that
are still not in the public domain as we work towards
i ssui ng various expressions of interest and request
for proposals for contractual activities associated
with the US activities in the partnership but we wll
be able to answer, as best we can, all of your

guesti ons.

So wthout further ado, I'd like to
introduce Dr. Janes Laidler from Argon Nati onal
Laboratory who will give you an overview of the G\EP
vision, G obal Nuclear Energy Partnership, and the
speci fic technol ogy presentati on on t he advanced spent
fuel separations activity.

DR. LAIDLER. Thank you, good norning. As
Buzz said, I'lIl give you just a few introductory
slides on the d obal Nuclear Energy Partnership and
then tal k about the devel opnment of advanced
separations technol ogi es that we propose to enploy in
thisinitiative. I'mthe Director for -- the National
Technical Director for the Devel opnment of Advanced

Separ ati ons Technol ogi es and | et ne begin.
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The key el enents of the GNEP program @ obal
Nucl ear Energy Partnership, are to, as shown here,
expand the use of nuclear power in the United States
and in the world and in doing so, to mnimze nucl ear
wast e by denonstrating recycle technology so that it
can be enpl oyed econonically, to denonstrate advanced
burner reactors in the transnutati on of certain radi o-
toxic materials that are present in spent fuel, to
establish reliable fuel services for our partners in
GNEP, to denonstrate small exportable reactors that
can be deployed worl dwi de and to al so denonstrate
enhanced nucl ear saf eguards technol ogies. Key to the
GNEP is a reliable fuel services system The intent,
really the basic intent of G\NEP is to permt the
expansion of nuclear energy worldw de wthout
spreading sensitive technologies, that is uranium
enrichment and spent fuel reprocessing. The system
under GNEP i s organi zed into fuel cycle nations which
woul d operate nuclear power plants and fuel cycle
facilities both uranium enrichnent and spent fuel
reprocessi ng and reactor nations which would operate
reactors under a condition in which they would | ease
t he nucl ear fuel and return the used fuel to the fuel
cycl e nations for processing.

And the systemis schematically shown here
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where the fuel supplier nations or the fuel cycle
nations woul d operate with a cl osed nucl ear fuel

cycle. The user nations would receive fresh fuel from
the supplier nations and then return the used fuel to
those fuel <cycler or fuel supplier nations for

r epr ocessi ng.

There are a nunber of projected benefits
from GNEP. First, of course, these are notherhood
statenents, to reduce our dependence on fossil fuels
for electrical generation, to provide that electric
energy wi thout generating greenhouses gasses. To
recycle used fuel to mnimze nuclear waste and al so
to curtail the proliferation concerns associated with
t he accumul ati on of an i nventory of spent nucl ear fuel
in the so-called reactor nations. To safely and
securely allow those nations to depl oy nucl ear power
to meet their energy needs and rai se their standards
of living. To assure the maxi mum energy recovery from
used nucl ear fuel and, perhaps, nost inportantly to
this Commttee, to reduce the nunber of required
geol ogic repositories to one for the remai nder of this
century.

And 1'Il show you how we're going to do
that. |If we were to continue with the once through

di rect disposal fuel cycle, without recycling, you can
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project significant growh in the accumrulated
comercial spent fuel inventory and in this graph,
|"ve plotted the spent fuel inventory in metric tons
as a function of tine and |I've extrapolated to the end
of the century for two cases. The M T study, which
was published in 2003, was based on a growh rate of
about 3.2 percent annually. They carried their
projections only to 2050 at which point they had
projected growh in this country to 300 gigawatts
el ectric, about three times the present generating
capacity.

CHAI RVAN RYAN: Jim | hate to interrupt you
but we need to make a phone connection that we thought
was going to be made already. |If you'd just stand by
for a second, we'd appreciate it. Sorry to interrupt.

DR LAIDLER  Sure.

MR. WLLIAMS: Good norning, this is the
ACNW rneet i ng nmaki ng a phone connection for you.

MR. WLLIAMS: Thank you.

CHAI RVAN RYAN: Wbuld you just tell us who
you are and where you are and that way everybody in
the roomw || know whose on the phone.

MR WLLIAMS: This is Don Wllans, with Oak
Ri dge National Laboratory.

CHAI RVAN RYAN: All right, Don, thanks for
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being with us.

MR. WLLIAMS: Thank you for having ne.

CHAI RVAN RYAN: Ckay. Jim please proceed.
Thanks.

DR. LAIDLER. The other projection is the
El A projection of 1.8 percent annual grow h and t hese
are assuned to take place in 2015 and beyond. And
this is the projected accurmulation at that growh
rate. |1've shown in red here two lines. The first is
the well-known | egislative capacity of the Yucca
Mount ai n Repository, 63,000 tons of spent fuel, 7,000
tons of defense waste, and then the dotted line is
adj ust abl e, dependi ng on who you talk to, but this is
-- one value of the technical capacity of the
repository based on limted exploration, it's about
130, 000 tons.

And you see that we exceed those capacities
early on in the game. By 2030 or so, we exceed the
techni cal capacity of the repository and if you
project at those rates, we would accumul ate several
hundred thousand tons of used nuclear fuel if we
continue on the direct disposal path. To analyze the
benefits of the GNEP systemto the repository, we nmade
certain design assunptions to do this evaluation. W

really focused on two controlling design criteriathat
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deal with the nanagenent of decay heating in the
repository. The first criterion is that the rock
tenperature m dway between drifts which are 81 -- or
81 neters center to center, should not exceed the

| ocal boiling point of water. At that elevation it's
96¢c and that second one is that the tenperature of the
wal | of the drifts should not exceed 200c.

The first criterion has to do with the
prevention of the formation of a vapor barrier over
the repository which prevents the trickling down of
surface water into the water table. The second has to
do with the stability of the rock in the repository.

Using those criteria, we arrive at the
reference loading for the repository drifts in terns
of tonnage of spent fuel per meter of lights of the
drifts and you see that at a loading of 1.17 netric
tons per neter of Ilights, we reach the rock
tenperature, the mdway point limt of 96c in this
case of this |oading system

In GNEP, we're following two main paths for
t he devel oprment of advanced separati ons technol ogi es.
The first is the nanagenent of the spent fuel com ng
fromthe current generation of |light water reactors
and future advanced |light water reactors; and

secondly, to close the fuel cycle for advanced burner
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reactors. In the near term we have the issue of the
very | arge anount of spent fuel that's being generated
by our commercial reactors which is now at a rate of
about 2,000 nmetric tons per year and | showed you t hat
accurmulation wll exceed the repository capacity
greatly and previously | nmentioned al so our objective
is to elimnate the need for a second repository in
this century.

Longer termobjectives deal with the cl osure
of the advanced burner reactor fuel cycle to assure
t he econom c sustainability of nuclear power in this
country by providing assurance of a fuel supply at
reasonabl e cost and to support the transmnutation at
high efficiencies of radio-toxic naterials that are
present in spent fuel. W' re devel opi ng both aqueous
and non-aqueous treatnent processes for the near-term
and treatnment of commercial oxide fuel we're focusing
on aqueous mnet hods because they're highly mature. The
| onger term objective, the advanced burner reactor
fuel treatnment, because that fuel is possibly goingto
be a sodiumbonded netallic fuel, it may be nore
anenabl e to pyro-chem cal and non-aqueous treatnment
nmet hods. I n both these cases, we're focusing an
overriding concern on the economics of the fuel cycle

and the protection of special nuclear nmaterials.
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W' re usi ng a sol vent extraction process for
the treatnent of LWR spent fuel. |It's highly mature.
It's industrial practice in France, UK, Russia and
Japan and it's nost inportantly capabl e of achieving
very high decontanination factors fromthe separated
products, and this is inportant because if we were to
engage i n thermal recycle, of the recovered nateri al s,
we have to elimnate the high cross section fission
products. We we're requiring a decontam nation
factor, a DF, of greater than 10,000. Now, that may
not make nuch sense to you but let nme say that in the
def ense production of plutonium decontam nation
factors for the plutonium product have historically
been on the order of 10’ to 10°% so it's not an
unr easonabl e target.

For the case of fast reactor recycle, we
have to reduce the rare earth fission product content
and achieve a decontam nation factor of the
| ant hani des, the rare earth fission products, in
excess of about 250. The special feature of aqueous
sol vent extraction processing is that it gets you a
great deal of flexibility in the degree of
partitioning of the constituents of spent fuel. And
this is sonmething that we may need to really

capitalize on the future. W have been enphasi zing a
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group extraction of the transuranic elenments to
control a degree of poor fission risk reduction to the
process. What we're developing is a suite of
processes for alternative applications.

Just qui ckly show ng you sonet hi ng about t he
fuel that we're dealing with fromthe comerci al
reactors. This is probably old hat to all of you but
typi cal PWR fuel assenblies are shown here. You see
t he nmakeup of those assenblies. They're significant.
It's sonething that requires great attention when you
come to processing these materials. Their length is
shown here. It's about 13 or 14 feet long. It weighs
about 1400 pounds and it's got a great deal of
har dware associated with it; 154 kilograms, which is
i nportant because it beconmes part of a significant
waste stream In fact it's probably the | argest waste
stream that we have.

| wanted to show you this. This is in
response to one of the events, questions that we
received. This is the inportant radi o-nuclide content
of spent fuel. Most of it is uranium There is a
significant quantity of uranium 236 in this spent fuel
which is what inpacts the potential for re-enrichnent
of the uranium So if we were to re-enrich the

recovered uranium we'd have to conpensate for that
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val ue 236 which has a rather high neutron absorption
Cross-section.

Krypt on, one of the noble fission gasses, is
present in a quantity of, as shown here, about 6.6
liters per ton of spent fuel if you bottle it at 10
at nospheres pressure. Xenon is nuch nore significant.
It's an incredibly large anount of material. At 10
at nrospheres, it's 172 liters per ton and that's very
i mportant in howwe deal with the noble fission gasses
com ng out of the spent fuel.

Radon, not nuch of an issue. Carbon-14, you
see about .3 of a gramper ton; tritiumnaybe about .6
of a liter per ton at standard tenperature and
pressure. And then you see the transuranics.
Plutonium is the dom nant transuranics, about 85
percent or so at a burn-up of around 50 negawatt --
50, 000 negawatt days per ton. | wanted to enphasize
t hese too, the technetiumand iodine, the long-1lived
fission products. Technetiumis a significant
constituent of spent fuel, about one and a quarter
kil ograns per ton and iodine is maybe 424 granms per
ton of spent fuel.

Al of these are inportant because they
dictate the choice and the details of the process that

we intend to deploy. Technetium and iodine are
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important. This is an extract fromthe Yucca Muntain
project EIS which shows, and it's probably outdated,
but it shows the mean annual dose as a function of
time. The purple line here, this curve is the
technetium 99 contribution. The red is neptunium 237
whi ch means that not only do we have to deal with the
long-lift fission product, iodine technetium but we
also have to deal wth the transuranics that
contribute to the offsite dose as well as being a
significant part of the radio-toxicity of the spent
fuel .

So we have to not only deal with the
neptuni um but with its precursor americium241. |
nmenti oned that we're devel oping a suite of processes
that we call UREX+. The variants UREX+1l and +1A are
intended for fast reactor recycle of transuranics.
Plus 1 | eaves the | ant hani de fission products with the
transurani cs for extended st orage and UREX+1A produces
a pure stream of transuranics. It separates the
| ant hani de fission products. UREX +2 and +3 are
intended for thernmal reactor recycle and we have
chosen to separate in that case, plutoniumtogether
with neptunium It provides some advantages in
tracking the material if we include the neptuniumw th

the plutonium Plus 2 delays the renoval of the
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| ant hani des, +3 does the | ant hani de separati on as part
of the process.

And this would be the standard thernal
recycle process. UREX+4 is also a process intended
for thermal reactor recycle, plutoniumand neptuni um
that goes one step further and separates americium
from curium whi ch enables us to do transmutation of
anericiumin a thermal reactor. It does avoid fue
fabrication problens that are associated with the
presence of curiumbut it also introduces the i ssue of
having to store the curium which is no small problem

So here's the suite of UREX+ processes. |
won't dwell on this except to say that each one of
them follows the sane path initially. W separate
uranium as a pure uranium stream W co-extract
technetium with the uranium and then separate the
technetiumfromthe uranium That's intended for
i mmobilization in a highly durable waste form W
t hen separate cesium and strontiumto elimnate the
short-termdecay heat | oad on the repository and then
we go into the various separations of the transuranic
el ement s.

When GNEP was first conceptualized, a very
hi gh | evel deci sion was nmade t hat we woul d process LWR

spent fuel using a technol ogy that did not involve the
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separation of plutonium consistent with past US
policy, that we woul d not engage in civil nucl ear fuel
cycl e involving separated plutonium And that led to
a process that | showed you, the UREX+1A as our
reference process in GNEP

It separates pure uranium highly purified,
for future use, separates cesium strontium to take
care of the short-term decay heat | oad and separates
the transuranic elenments as a group and this group of
transuranics is intended for recycle in fast reactors.
W have a nunber of performance targets that have been
established for UREX+1lA. W intend to recover at
| east 99.5 percent of the uraniumat very high purity,
at least 4/9. W' ve denonstrated 6/9 in |aboratory
tests and then that urani umwould be converted to an
oxide for storage or ultinmate recycle. W want to
recover 99 percent of the soluble technetium and
convert it to a nmetallic formthat woul d be
incorporated in a netallic waste form W want to
clean the cladding hulls if possible to a non-TRU
condition, less than 100 nanocuries of transuranics
per gram of cladding for conpaction and for disposal
as a lowlevel waste. W'II|l take a portion of those
cl adding hulls and conbine themw th the sludge, the

undi ssol ved solids fromthe nitric acid dissolution
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step in the UREX process, and conbine those with the
netallic technetiumto nake that nmetallic waste. W
want to recover 99 percent of the gaseous fission
products, iodine and krypton.

W will recover the krypton and xenon
together, isolate them recover them by cryogenic
nmeans and t hen use cryogenic distillation to separate
the krypton from the xenon and then vent the xenon,
because xenon are all stable isotopes. W want to
recover 95 percent of the tritiumand carbon-14. W
intend to recover 99.9 percent of the cesium and
strontium They'll come together with barium and
rubi di um and pl ace those in a mneral waste formfor
sub-surface decay storage.

W want to recover 99.5 percent of
pl utonium 99 percent of neptunium 99.9 percent of
the anericium and 99.5 percent of the curium And
then overriding it all is we will produce no high
level liquid waste that requires underground tank
storage. Just to rem nd you of the reference case for
the Yucca nountain |oading with direct disposal of
spent fuel. |If we apply those sanme cal culations to
the sane fuel with 99.9 percent of the transuranics
removed, in this case 97 percent of the cesium and

strontium renoved, then we find that the limting
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criterion is the drift wall tenperature and that is
reached at a loading of 202 netric tons per neter
Now t hat conpares to the 1.17 tons per neter in the
di rect di sposal case.

So it's a very significant increase in the
effective capacity of the repository. And it's shown
in another way here which may be a little nore
illustrative and in this case the z-axis is the
relative increase in capacity of the repository as a
function of the fraction of cesiumand strontium
remai ning in the waste and the transuranics remaini ng
in the waste. So if we had 3/9 recovery of the
transuranics, and 3/9 recovery of the cesium and
strontium then we'd have a 225 factor increase in
repository capacity.

This is a sinplified schematic of the
UREX+1A process where we separate pure uranium for
storage, we separate the long-life fission products,
technetium and i odi ne, separate cesium and strontium
for decay storage, the transuranics for recycle and
then the residual fission products, nmainly the
| ant hani des and the transition nmetals for geol ogic
di sposal along with the fuel cladding that the other
sub-assenbly hardware. And this inits -- all its

glory is the UREX+1A process. 1'll just spend a
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little time going through this because you' ve
basically seen the elenents of it.

The light water reactor spent fuel is
chopped and then dissolved in nitric acid. The
solution fromthe dissolver is clarified to renove any
particulate material and then it goes into the first
sol vent extraction process which is called UREX. And
this is very much like the PUREX process but it
doesn't renove plutoniumso we took off the P. And it
does that by addition of a conplexant called
acetohydroxamic acid and this suppresses the
extraction of plutonium The process sinply uses
tributyl phosphate, the sane reagent or sane sol vent
used in PUREX but with AHA present, it does not
extract plutonium

It also does a very efficient job of
extracting the technetiumalong with the uranium So
then we strip out the technetiumand send that to an
alloying step where we wll conbine the cladding
hulls, the sludge fromthe dissolver and produce a
netallic waste form Now the reason for doing that is
if we can convert all the technetiumto netallic state
and put it in alarge mass of zirconium then it wll
remain in the netallic state rather than the oxide

state. If it's present as an oxide, as you probably
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know, it's very soluble in groundwater and highly
nobile in the Yucca Mountain geology. But if we can
retain it as a netal, it will not dissolve. It wll
not becone nobile and that |arge nmass of zirconium
that's present with it will prevent -- its basically
a highly reduci ng at nosphere, so it will prevent the
oxi dation of the technetium

The uranium extracted in UREX goes to a
product conversion step, basically a calcining step
where we convert it to oxide and store it. And this
is very highly purified. It can be stored w thout any
requi renent for shielding. W expect to be able to
store it in standard 55-gallon druns. The raffinate
, the waste streamfromthe UREX process, and | shoul d
say the reason we call it UREX+ is that it's this
process, UREX, plus all these other things.

So the next oneinthe stepis to renove the
cesiumand strontium W place that extraction step
here. It could be at any point in the process but we
do it here because having renoved the uranium the
hi ghly absorbi ng mass of urani um and renoving the
hi ghly radi oactive cesiumand strontium then it
becones easier to track the presence of the fissile
materials. So we take out the cesium strontium W

convert it by a steamreform ng process into an
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al um nosilicate and put that into decay storage. Then
the raffinate from that process goes into a process
called TRUEX. TRUEX is a process that is well-
devel oped. |It's been around for a long tinme. |It's
actually in commercial application at Savannah R ver
for tank waste treatnent.

The TRUEX process is very highly specificto
the transuranic elenments. It also extracts
| ant hani des, the rare earth fission products. So the
waste streamfromthe TRUEX process is the remaining
fission products except for the |anthani des and that
would go into high live waste from production. The
raffinate fromthe TRUEX process then goes to the
TALSPEAK process which is one that we can use to
separate | ant hanides fromthe fission products. And
t he | ant hani des then go back into the high | evel waste
form production. The transuranics go to a step in
which we will blend a part of the uranyl nitrate
solution from the UREX process with this aqueous
streamfromthe TALSPEAK process and then send that to
the fuel conversion process where we convert the
liquid streamto oxides.

If the fuel that we're going to recycle is
oxide, then that's it. |If the fuel is going to be

metallic, then we have to reduce the oxides to netals.
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Then that goes into fuel fabrication. That fuel is
sent to an advanced burner reactor, a fast spectrum
reactor, and it operates its own closed fuel cycle so
that the spent fuel fromthe advanced burner reactor
then is processed. The recycled |anthani des go back
to fuel fabrication, that closes the fuel cycle. The
cladding hulls fromthe AVR spent fuel processing go
into high I evel waste as well as the residual fission
products and the cesium and strontium

Now, we've very carefully |ooked at the
anount of waste that we'd be generating in this
process. It's a very inportant consideration. And
|"ve normalized this to a scale of 100 netric tons per
year. You can project to whatever size comercial or
i ndustrial plant you'd like. W kind of think about
2500 tons is about right for an industrial process.
But for 100 tons of spent fuel per year, we generate
about 13.3 cubic neters of uranium oxide which is
classifiable as a | owlevel waste, a C ass C waste.

The hulls, plus the technetium and the
sl udge would be in aniron zirconiumallow. That's a
hi gh | evel waste stream about a cubic neter per year
for 100 tons. lodine, we're presently |ooking at
pot assi um i odi de but that's rather soluble in water,

so we're looking at other waste fornms but this, if
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it's KI it would be a high |level waste, very small
vol une. Xenon and krypton, we would bottle up the
krypton and have a very small volune of that. Tritium
woul d be a high level waste. W are still |ooking at
what that volume would be. Cesium strontium as
alum nosilicate, again, a Cass C waste after decay.
It's a significant volume, about 35 cubic neters per
year. The residual fission products could be in a
borosilicate glass or a different type of crystalline
waste formsuch as a crystalline silicotitanate.
That's a high level waste. |If it's glass, it's around
si x cubic neters per year.

Car bon- 14 we' d capture as a sodi umcar bonat e
al so as a high level waste. Now if you add the high
| evel waste volunes in this table, it comes out to
around 10 or 12 cubic nmeters per year. For the sane
anount of light water reaction spent fuel in the
di rect disposal case, the unpackaged vol une of that
100 tons is about 120 cubic neters. So we have about
a factor of 10 reduction in waste vol une. So we have
both the benefits of reduced heat |oad repository and
reduced waste volune. Now that's maybe a secondary
effect, but it's going to result in fewer high
expensive -- highly expensive waste containers.

Anot her way of |ooking at the UREX+1A
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process is to consider the attractiveness |evels of
the various streams conmi ng out of the process. And
the main thing | wanted to show you here is that we're
operating with very dilute streanms, very dilute
concentrations of transuranic elenments in these
process streans. |If you're famliar with the DOCE
order on graded saf eguards, these have attractiveness
| evel s of either D or E and you see that it's D at
this point, it's level D at this point, Dat this
point. It beconmes a level C only when you' ve done the
final product conversion of the oxide.

Now, that has to do -- and here's the table
from that DOE order. At attractiveness |evel D
basically this says that we woul d not have to operate
in a Category 1 security facility. Now, we wll
probably do that anyway, nake it a Category 1, but the
point I wanted to nake is that the streans that are
present inthis process arereally not a proliferation
issue until you get to the final step where you
convert it to the fuel form Now, the status of the
devel opnment of this process, we've denonstrated
UREX+1A process at | aboratory scale in 2005 and this
year. W' |l continue optim zing the process probably
through 2009. W're planning a pilot scale

denonstration of the process in the 2011, 2013 period
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at a scale of around 30 to 100 netric tons of LWR
spent fuel per year at a location still to be
det er m ned.

W expect an industrial scale spent fuel
recycling plant using that process to cone on |ine and
maybe 2025 to 2030 tinme period at a very | arge scal e,
2500 nmetric tons per year, to match the expected
out put fromour comercial fleet. It also helps to go
to that very large size as far as the econom es of
operation because if you can capitalize on econony of
scale wth an aqueous process, you've gained
significant reduction of cost.

Now on the fast reactor closed fuel cycle,
we can either use the UREX+1A process if it's oxide
fuel. If it's nmetal fuel, in the fast reactor system
then we wuse a pyrochemcal process and that's
illustrated schematically here. |It's a process that
i nvolves nolten salt electro-refining. |In this case,
we replace the chopped fuel pin segnents into an
el ectrolyte salt, apply a potential and deposit pure
uranium on a cathode. Wthin -- of course, deposit
salt along with that uranium deposit. W renove the
salt by a process of distillation and cast urani um
into an ink, that becones our urani um product.

The cl adding hulls, the noble netal fission
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products are left behind in the anode basket in that
el ectro-refining process and that goes to netal waste
formreduction. The remaining salt fromthe el ectro-
refiner contains sonme of the uranium all of the
transuranics, and all the fission products except the
noble netals. And that goes into an electrolysis step
where we then recover the uraniumtransuranics

t oget her and t hat becones a m xed urani umtransuranic
product with about 25 percent urani um and maybe five
to seven percent | anthani des.

The salt that is remaining inthis systemis
then sent to a polishing step where we renove the
residual transuranic, send the salt to a cesium
strontiumextraction step and then that | eads themto
the formation of a ceram c waste formwhere we
incorporate the other fission products. W've
denonstrated a portion of the pyro processing flow
sheet in the course of EBR- Il spent fuel processing.
W' re not conditioning around 150 kil ograms of spent
EBR-11 fuel per year. |It's highly enriched uranium
The driver fuel is discharged at about 57 percent U
235. It's recovered and then down-bl ended to LEU

The trues in this process are not recovered
but are sent to waste. The GNEP program woul d

conpl ete the process by recovering the transuranics
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and recycling themand we envi sion that plants used in
the ABR fuel cycle closure will be rather snmall, |ow
t hroughput plants, co-located with a cluster of

reactors, perhaps on the order of a gigawatt in the
reactor part which neans that the plant throughput can
be sonething on the order of |ess than five tons per
year at which point this process is very econonical.

The final slide; we're |ooking at a nunber
of advanced technol ogi es for | onger termapplications
i ncludi ng uraniumcrystallization, the user of super=-
critical CO2, carbonate dissolution for the uranium
st ep, decl addi ng by nmeans of vol oxidation. W're even
considering the recycle of zirconium W believe that
we can recover zirconiumat sufficiently high purity
that it can be sent to zirconiumcl addi ng fabrications
for recycle. They've |ooked into it and at | east one
of them Wachang (phonetic) has said that they'd be
delighted to accept it if it's free.

W'd also like to have a single step
extraction process for the transuranics to repl ace the
conbi nati on of TRUEX and TALSPEAK. And these are, as
| said, longer termapplication, probably for
application in a second generation recycling plant.
That conpl etes nmy presentation. Thank you very mnuch

VI CE- CHAl RVAN CROFF: Thank you, Jim |
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think we'd like to take a few questions right now
W'realittle bit tight ontinme at this point, sol'm
goi ng to ask each person asking questions to limt

t hensel ves to one question at this point. |f we have
time at the end, we'll throw it open, but we'll see
how t he second tal k goes, but, Professor Hinze.

MEMBER HI NZE: A qui ck question, if | mght;
the hardware, is anything being done to | ook at the
hardware to nmininm ze the hardware as part of the waste
streanf?

DR, LAIDLER: It's sonmething we're going to
have to live with. |[If we can achieve the kind of
decont am nation that we hope, then it need not becone
a high level waste stream The nice thing about the
hardware is that it's not heat generated. So it
really doesn't inpact on the repository. It takes up
some vol unme, of course, but you can conpact it pretty
well, even if it has to go into the repository.

MEMBER HI NZE: Thank you.

CHAI RVAN RYAN: |If we could just pull out
that slide that was a table for a UREX+1A process
proj ected waste generation.

DR LAIDLER  Sure.

CHAI RVAN RYAN: There it is. Uranium of

course, on its owmn is Cass A waste according to 61,
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so | guess what's nmaking it Cass C?

DR. LAIDLER | guess |I'"'mbeing alittle
conservative. |It's pure enough that it would neet
Class A. If we can achieve that |evel of purification

in alarge plant then it would be. Right now, we've
only done it at |ab scale. W down to -- we're up to
6/ 9t h percent purity, which neans just a few atons of
other materials in there.

CHAI RVAN RYAN: Well, | nmean, to nme that's
an inportant difference and | guess the nessage | take
away is all the decontam nation factors really are
going to drive what's in what category for waste.

DR LAIDLER  Sure.

CHAI RVAN RYAN: That's interesting.

DR. LAIDLER: Now, you know, we're dealing,
of course with a departure from current |law. The
Nucl ear WAste Policy Act categorizes all this as high
| evel waste.

CHAI RMAN RYAN: Right, and | think you just
used in a radio-nuclide content which you know t hat
has some nerit as a risk-informed approach

DR LAIDLER  Sure.

CHAI RVAN RYAN: The ot her second part to the
guestion is, you know, the European system |AA and

others there's an i nternmedi at e waste category. Do you
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see the current waste -- set of waste categories in
the US as being -- as needing significant revision to
address this new systenf

DR LAIDLER |I'd love to see that. That
woul d give us an easy way to get rid of the hardware.

CHAI RMVAN RYAN: One of the things that the
Comm ttee has commented on and t hought about in other
context is nost of our definitions are origin based,
where the waste canme fromor who generated it rather
t han what the radi o-nuclide content is. And we've
commented that, you know, to be risk infornmed, you'd
take the approach of |ooking at the radi o-nuclide
content and perhaps not so much on what process
generated it or where it came from \Wat do you think

of that idea?

DR LAIDLER: |I'd love to see us evolve into
t hat .

CHAI RMAN RYAN:. Ckay, thanks. |'msure
there will be other questions and again, let ne
apol ogi ze to our speakers. | do have a neeting at

10: 00 o' clock with the Conmmi ssion, so if you see ne
| eave, it's not due to lack of interest, but | just
have to make anot her neeting. Thanks.

MEMBER VEI NER:  Thanks very much for your

presentation. It's fascinating. Has the reduction --
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| can't read ny question. Has the reduction and
precipitation of technetiumthat you showed been
tested in sonething other than | aboratory scal e? Can
you do this on a |large scale? Does it work?

DR LAIDLER W've not been able to do it
on large scale. |It's strictly at the |aboratory
scale. Now, our definition of |aboratory scale is a
kil ogram of spent fuel.

MEMBER VEEI NER:  Uh- huh.

DR LAIDLER And we're limted in that
respect by two things, our budget and or facilities.

MEMBER WEINER Do you anticipate any
probl enms in scaling up that process?

DR LAIDLER: W don't think so. W' ve done
enough tests with recover of these materials. The
only wuncertainty is in the case of the dissolver
sl udge. W know that about 40 percent of the
technetiumw Il be in the sludge and we fully expect
it to be netallic in that material. The key is to
prevent it from oxidizing during the course of
processi ng.

MEMBER VEI NER:  Thank you.

MEMBER CLARKE: Thanks, Jim Just a quick
guestion; you' ve given us a real nice analysis of the

-- how the radi o-nuclides follow through the process
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in waste streans that are generated, |inking waste
streans to different processes. | wonder, is there an
ongoing effort to determine what the facility woul d
look like at the end of its lifetime to identify
decomni ssi oni ng i ssues and seei ng how they m ght be
mnimzed as wel | ?

DR. LAIDLER: W're presently in the m dst
of the conceptual design of the pilot scale facility
that | mentioned which woul d operate at 100 tons per
year. W are paying a lot of attention the how to
decomi ssion the facility. The present study that
we're doing is looking at existing facilities because
we'retryingtodoit onafairly short tinme schedul e.
It's nice to be able to utilize existing concrete. So
we have one facility existing that's contamn nated
al ready, one that is not, actually two that are not,
and we're also looking at a Geenfield site for that
pilot plant.

If we'reinthe contaninated facility, we're
stuck with what's in there, but we're trying to
conceptualize the facility equipnent, the process
equi pnent, so that it does nmake it easy to renove and
decont am nat e.

MEMBER CLARKE: It seenms |ike a good tine to

be thi nki ng about those things.
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DR. LAIDLER.  Absol utely.

MEMBER CLARKE: Thank you.

VI CE- CHAI RVAN CROFF:  I'Il go next. A
couple of slides before this one, you had -- you
tal ked about process perfornmance targets for your
various recoveries. Were did you -- how did you cone
up with these, | guess, is the nost straightforward
way to ask it and is there a need for nore regul atory
gui dance concerning the needed requirenments or the
process performance targets?

DR. LAIDLER: Absolutely. These are nunbers
that we've been westling with for about five years
now. W even formed an OECD NEA wor ki ng group to
address performance criteria for advanced separati ons
technol ogies. And every tinme | introduce a set of
nunbers to that group or even within our own program
| get the reaction, "WIlIl, vyou're just being
subj ective". And I'mnot entirely subjective. |'m
| ooki ng at reductions in heat load and in
radiotoxicity and in waste volune. And so that's
wher e t hese nunbers -- how these nunbers are based but
it would be nice to have sone regul ati on which woul d
give it sone sort of an inprinatur

VI CE- CHAI RVAN CROFF:  Ckay, and now by way

of alittle explanation, the ACNWhas initiated the
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devel opnent of a White Paper on fuel recycle to help
us get smart is what this is for, and provide a basis
for future reconmendations to the Conmi ssion and it
wi |l address sonmewhat the history of recycle and to
sonme extent the advance processes. And this is a good
start, the talks today in providing information for

t hat .

To prepare that paper, we've got three
consul tants on board and I' mgoing to give that a shot
at the questioning here. The first is Ray Wner.

MR WMER  Hi, Jim

DR LAIDLER Hi.

MR WYMER: | just have a small question.
Tell me how you'll handle the tritium
DR LAIDLER | wish I knew.

MR. WMER: (Ckay, that's a good answer.

DR. LAIDLER W are planning in the
choppi ng step and in the dissolution step to carry out
t hose operations in an enclosed cell where we woul d
use an inert cover gas and then sweep that cover gas
t hrough scrubbers. And the intention is to pass that
t hrough a caustic scrubber and in that case get the
CQ2 in the form of a carbonate and hopefully the
tritiumin a titrated water, basically. The issue

then is how we concentrate that streamand we're
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presently trying to design that.

Nobody, to my know edge in the conmercia
world is worrying about it, but we're going to try.
It's probably -- we're probably three years away on
comng up with a process.

MR WYMER: so that's a devel opnent
activity.

DR. LAIDLER.  Absol utely, yeah.

MR. WYMER: Thank you.

VI CE- CHAI RVAN CROFF: Larry Tavl aredes?

MR. TAVLAREDES: Hi, |'m Larry Tavl aredes,
Syracuse University. Thanks for you presentation,
it'"sveryillumnating. And |I have one question, [|'l]
ask this one first. You touched upon it and that is
the DF' s that you need to get the separations you are
| ooking for to get in for high cross section fission
products. You nentioned the DF of around 10, 000
requi red. Wat do we know today about this and are
there extractants that can achieve this that we know
of ? Are these devel opnental things?

DR LAIDLER. Well, the DF of 10,000 for
therno-recycle is really a piece of cake. That's not
a problem |In fact, we probably another couple orders
of magnitude higher than that. That particul ar

criterion is a nunber that was devel oped in concert
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with CEA and EDF, Electricity de France because they
are doing therno-recycle of MOX and that is their
specification for thermal recycle pollute.

W think it's a pretty easy criteria to
neet. The 250 for the fast reactor fuel is really a
specul ative nunber because we have very limted
evidence that there is a fuel cladding interaction,
pi nnacl e interacti on between the |anthanides and the
st ai nl ess steel cladding whichcould-- it's basically
aliquidnetal enbrittlement process which could limt
fuel lifetine. It's very |imted basis for that
criterion and there are those who think that we coul d
get by with a lower DF but I'mtrying to be very
conservative at 250.

It's easy enough for us to do, certainly
with the aqueous process. |It's nore of a chall enge
with pyro. The thing is that we need data, we need
fuel performance data fromfast reactor radiati ons of
this fuel and we don't have any. W don't have a fast
reactor.

MR. TAVLAREDES: Do we think we can get this
data down the road in tinme for what we need? Are we
pl anning to do this?

DR. LAIDLER. That's the next speaker's

probl em
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VI CE- CHAI RMAN CROFF: Howar d Larson?

MR. LARSON. Howard Larson, a consultant to
the ACNW In ny private life, a long tinme ago in
another world | was involved in comercia
reprocessing and | wunderstand why the pilot plant
woul d be essentially a DOE activity because of the
timng and other things but you're talking 10 or 15
years later for a 2500 netric ton a year plant. 1Is
there any plans for industry participation in this
program or devel opnent or building it or what? O is
it entirely a DCE effort all the way through as part
of this progranf

DR. LAIDLER Well, | can give you ny own
opi nion but maybe | should ask Buzz to give the
of ficial position.

DR. SAVAGE: The official DCE position is
that we desire and intend to engage industry very
actively fromthe beginning of the program which is
right now and we are working on our plans for doing
so.

MR. LARSON: They do have then?

DR SAVAGE: Yes.

VI CE- CHAI RMAN CROFF: | think with that,
we'd better get onto our second speaker. Buzz?

DR. SAVAGE: |'d like to i ntroduce Kema
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Pasanehnet ogl u from | daho National Laboratory. He's
our National Technical Director for Fuels Devel oprment
for Advanced Fuel Cycles and his presentation will
give you the perspective on the fuel devel opnent
program which is a part of our advanced fuel cycle
devel opnent .

DR. PASAMEHVETOG.U: Thank you both and
thank you for the invitation. | am Kema
Pasanehnet oglu from lIdaho National Laboratory. As
Buzz indicated, I'mthe National Technical D rector
for Fuel Devel opnent Activities for the Advanced Fuel
Cycle Programoriginally, now nmerging into GNEP. So
inm talk -- is this clear for you? Gkay. | wll
tal k about the fuel devel opnment activities basically
t aki ng over fromwhere Ji ml eaves the transurani cs and
converging them into fuels and sending themto the
reactors and t hen recei ving t hose back, after Jimgets
done with them again, taking the transuranics and
recycling back to the reactors. That's the part of
the job that |'m doing.

As part of that devel opnent, there is al so
which was -- there is also a facility that we are
planning on looking at a simlar concept as Jim
indicated, a pilot-scale fabrication facility for

fuel s supported by separations and ot her technol ogy
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activities, so l'mgoing to give you a brief sunmary
of where we are with respect to that and at the end of
my talk, | have a nunber of view graphs | ooking at
advanced saf eguards concepts but that is really --
put those at the end of my presentation. It's up to
t he Advisory Conmittee whether you are really
interested in going through that or -- it is part of
t he package.

Let's start with the fuel devel opnment. Now,
what is so different about the fuels that we are
tal ki ng about under the fuel cycles progranms as
opposed to commercial fuels. As you know, all the
comercial fuel today in the United States is really
urani um oxi de fuel and of course, in other parts of
the world, it is also plutonium urani um oxi de nost
fuel that's being commercially used. And it took
awhi | e to devel op that technol ogy. Now we are talking
about basically additional elenments in our fuel. So
it's no longer just uranium and plutoniumbut we are
tal ki ng about addi ng neptunium anericiumand curium
to our fuel

So we are dealing with multiple elenents
whi ch conplicates the problemfromthe get-go. And
t hese transurani cs, they do have varyi ng t her nodynamni c

properties. One of the inportant properties that is
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really challenging us is the vapor pressure of
anericium Because it has a high vapor pressure at
tenperatures around 1400, 1500 degrees C, it is
chal l enging sone of the standard fabrication
processes. Therefore, we need to devel op processes
that are |lower tenperature processes. W are no

| onger dealing with a very pure streamconming in, a
pure stream of uranium Now we have to deal with the
inmpurities that get carried over fromthe separations
process and as Ji mnentioned, in nmany cases, | believe
the purity that comes into the fuel is going to be
nore than adequat e but dependi ng upon the separation
process that we use, we still have to obtain sone data
on the | anthani de carryover and how t hat effects the
fuel's performance.

For thernpo-recycle, the | anthani de carryover
is really a big detrinent, but if we're go to fast
recycle, it is the criteria it is relaxed alittle
bit. On the other hand, we still need additional data
to ook at fuel clad interactions issue. Typically,
when we are tal king about closed fuel cycles, the
econom cs and the fact that we don't want to | ose too
much material to the second -- to the waste streans,
we want to achi eve as hi gh burn-outs as possible at 50

gi gawatt days, the type of burnouts that are standard
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today are -- we don't believe are going to be
econonmically feasible to go to a closed fuel cycle.
We are tal king about hundred gi gawatt day per ton or
hi gher type of burnouts.

The fuels that we are dealing with
especially those that contain the americium they have
a rmuch hi gher helium generation conpared to standard
fuels, so we have to design our fuel to acconmopdate
t he high helium generation part of it, designing the
fuel pellets to make sure that the heliumgets out of
the pellet, doesn't get retained in the pellet and
part of it is designing the fuel pin so that the
planning is adequate to acconmpdate that released
hel i um

And it's not really -- it's not nerely the
fission process. It is the capture and the decay
process on anerici umthat causes the additional helium
generation. And finally, but probably one of the nost
i nportant issues of that, when we introduce these
el enents, especially americiumand curiumand perhaps
after one recycle, just americiumalong, the
fabrication -- all the activities associated with the
fuel fabrication and assenbly needs to be done
remotely. We can no |onger relay on hands-on

activities and fabrication itself -- by itself is not
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the i ssue, as you all know. All the fuel fabrication
plants are autonmated, so everything gets done
automatic, in an automated fashi on anyway. |[It's just
t he nmaintenance and the quality control associated
with that, that causes the problem

And al so just the nature of the problem we
are not dealing wth a really specific fue
conposition. W are dealing with a range of
conpositions that we need to be able to accommopdat e
the fuel to. Gbviously, our source material fromthe
LWRs is variable. That depends on the burnoff that
the initial fuel receives in the LMRin terns of the
i sot opi ¢ conpositions, but it al so depends on how | ong
it's been cool ed before it was separated and sent to
the fuel refabrication plant. And as we transmt
materials is fast reactors, in each step, there wll
be slight changes in the isotopic conpositions and
t hen again, every tinme they separate, there is -- and
especially if we go fromone separation process to
anot her separation process during the recycling, say
fromaqueous for the first part and then the pyro for
t he second part, you have to deal with the inpurities
that are associated with those. So those are the
things that really make the fuel issue a critical

issue for this to be successful. |I'mnot going to



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

47

dwell on this too nmuch, but basically, this is where
the current technology is in the US, that this
technol ogy we can say it is nature. |It's been used in
ot her parts of the world but as we start addi ng ot her
materials to it, in terns of fabrication, we stil
have quite a bit of denonstration to do.

Now this is in a long view graph, it is an
eye chart, | apol ogize for that but in one view graph
| tried to show you the different steps of the fuel
fabrication as well as the -- it's not the steps that
are really inportant. | think, everybody does the
fuel devel opment and the fuel qualifications the sane
way. It is the facilities that we need and how nany
of them do we really currently have and how many of
them we are going to have to rely on either foreign
sources or start building themourselves. Now, early
on the concept devel opnent -- that is where we are
with this transuranic fields, really. That's the step
we are doing right now W are doing a |ot of snal
scale fabrication, doing a lot of out-of-pile
characteri zation of t hose sanpl es and some
irradiations in facilities where we can get sone
irradiation time. Most of the tinme, even though these
are fast reactors fields we are doing these in thernal

reactors because that's what we have in our country.
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W have advanced test reactors that's easily
accessible to us and we are trying to do sone fast
reactor irradiation on collaboration with the French.
But as we go -- and these are facilities
that we have and we are using. However, as we go to
pin scale fabrication, with these kind of nmaterials
now we are really quickly talking about renote
fabrication. Wen we are tal ki ng about those
guantities of materials, we can no |onger do those
hands-on; therefore, we need to establish our hot cel
capacities as quickly as possible to be able to
fabricate those fuels and then we also need to go to
nore and nore prototypic irradiation conditions. That
neans fast reactors, and eventually we will have to,
as part of this phase, before we can define the
process design, we really need to do a transient test
as well to establish the power limts of our fuels.
So we have a facility inthis country that's
bei ng shut down for awhile now and we are pl anni ng on
restarting that or at | east we are nmaki ng proposals to
DCE t hat we should restart that so that we can do the
transient testing on those fuels. And now one step
beyond that, now we are tal ki ng about assenbly | evel s
basically. W are tal king about the engineering

i ssues, the real engineering issues, associated with
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those fuels to lead onto the |lead test, assenbly
testing. At that time, we need an engi neering scal e
facility and that is the advanced fuel cycle facility
that 1'll talk about. And then we have assenblies of
these fuels that we can test which is basically one
step before we can say we have a qualified process for
the fuel. At that tine, we'll probably need a test
reactor of our own as well.

Now, when we are talking about the test
reactors anywhere in the world and obviously, the
United States as well, we are -- and if we are tal king
about a test reactor that's ained at qualifying the
fuel, recycle fuel or the transuranic fuel, we are
tal king about two different types of fuels. First we
need to be able to restock the reactor with a known
fuel type which we refer to as the driver fuel and in
our case that will probably be either a netal or an
oxi de driver, uraniumplutoniumdriver, oxide driver.
And then we should be able to introduce our
transuranic fuels into that reactor in varying
guantities with time, probably starting with pin | evel
irradiations early on and working our way up to
assenbly irradiations, doing the | ead test assenblies
and qualifying the process and eventual ly being able

to convert a fraction of the core to transuranic fuel
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and denonstrate that the reactor can run with
transuranic fuels alone. So the fuel at that -- at
this point, the fuel developnent programreally
di vides into two.

There is an effort and granted that is not
a devel opnment, that's just a fabrication and finding
the fuel type of nore of an engineering effort, to
find the driver fuel and then to develop the
transuranic fuel in parallel to that. Now, for our
initial assessnment, we've been doing the fuel
devel opnent before GNEP, and it actually started under
AFClI, all the way back to ATWP Program Accel erated
Transmut ati on of Waste Programand we' ve been | ooki ng
at a nunber of different fuel forns and trying to find
what is the best fuel formfor transnutation and with
GNEP comi ng along, we sat down and eval uated what
we' ve | earned, what we know so far. W' ve reviewed
the data that's out there, not only in the United
States as well as in other countries, who are | ooking
at the transmutation technol ogi es and basically our
conclusion was that in an accel erated programthe
metal fuel and oxide fuel are the ones that are
cl osest to inplenentation.

So we are going to proceed with devel oprment

of the metal fuel. There are still sonme things that



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

51

we need to solve even though we are fairly confident
t hat the base data that we have so far shows these
both fuel fornms are feasible. W need to be able to
denonstrate -- we have done fabrication at | aboratory
scales with very small | oads of americium however,
those kind of techniques that we've been using in
| aboratory scale are not quite anmenable for |arge
scal e production, so we have to be able to extrapol ate
that and we have a conceptual design for a production
scale fabrication nethod and be able to denonstrate
that and also the fuel clad interactions, especially
for fuels that are containing large quantities of
| ant hani des fromthe get-go and we are tal king on the
order of four or five percent type of |anthanides in
there and see what the fuel clad interactions was in
t here.

Now, there are sone backup options, of
course. If the anmericium if we cannot do a
fabrication directly with no | oss of anericium then
there are -- we al so have backup designs where we try
to recover the anericiumthat are lost during the
fabrication and introduce that as a target into the
reactor to recover the anericium And then we are
| ooki ng at the devel opment of advanced clad nmaterial s

especially if the | anthani des becone an issue and we
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are | ooki ng at cl addi ng of possibly liners, to he able
to deal with larger anounts of | anthani des.

On the oxide side, when -- early on about
five, six years ago when the partitioning and
transportation programstarted in the United States,
we have net with our international colleagues and at
that time we had nmade a decision that USw || focus on
nmetal and nitrite fuels and Europeans and the
Japanese, they were already doing a lot of work on the
oxi de fuels. So we were basically mnimzing our
i nvestment on the oxide fuels with the full know edge
that we will be sharing our data as we go al ong and
that's indeed, what we did and it turned out that the
oxide fuels, the work that was done in Japan and
France, so far showed that those fuel fornms are
i ndeed, feasible as well for transmutation.

I n ot her words, you can put the transuranics
in a stable form in an oxide pellet, and they do
survive in a certain anount of irradiation and they
behave fairly nicely without any gross failures after
a certain anount of irradiation evenin fast reactors.
However, the issue really is that the process that we
are using to fabricate that fuel is still a derivative
of the MOX process. It is basically the sane as the

MOX process. |It's a powder processing, pressing the
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powders, centering the powlers and that is not a
process that is very friendly to renote fabrication,
not the renote fabrication, per se, but it is to
renot e mai ntenance of that facility.

So it does work and it will -- it is
feasible to do it. The concernis, really, the
econonics associated with that. So in parallel to
that is a backup option. W are also |ooking at the
vi bor-pac and the sphere-pac oxide fuels which
sinplify the fabrication quite a bit but again, it's
arisk trade-off at that time, is those type of fuels
do not have the sane anobunt of data in terns of
performance so we need to build that data base up
fairly quickly to go down that direction. And the
| onger termtechnol ogies are the things that we have
started | ooking. W are nowhere near basically being
able to say, yeah, these fuels are indeed feasible,
t hey can be deployed. Those are nitrite fuels and the

di spersion fuels for second and third generation fuel

forms. And the nitrite fuels have an advantage of the

capability of hi gh transuranic | oadi ng for
transmutation purposes. They are nice for
reprocessi ng pur poses.

However, there is al so the nitrogen-15 i ssue

that we need to solve if we go with the nitrite fue
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inthe long -- that's the second generati on.

Di spersion fuels are good candidates for -- if we
really want to go to really high burnoffs in the | ong
run, those will be good fuel forns. But our research
-- by the tinme GNEP cane al ong, our research on

di spersion fuels was in the really early stages so it
is not a candidate for the first generation, perhaps
not the second generation, but for the |l ong run, they
do of fer some potentials.

Now, let nme quickly sumrmari ze on what we
have done so far with respect to the netal fuels in
this country. As | have indicated, we have fabricated
a nunber of netal fuel sanples at the | aboratory scal e
using a technique called arc casting, where we
basically heat the materials really quickly and cast
them really quickly so that there is not tinme for
anericiumto be lost. And it worked really well, but
this is basically one snmall batch at a tine type of
deal and there's no way we can do that on a really
|arge scale. So we are | ooking at basically and
extrapolation of that design which we call the
i nduction casting where we would be flow ng the
materials but the materials will not be flowing in a
nolten state. They will be flowing as solid materials

and powders and then they will be nolten and casted
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very quickly into slugs so that there in no tine for
anericiumto vaporize. W have not done that process
yet. However, we did -- as |'ve indicated, we did
fabricate a nunber of sanples. W have irradi ated
themin the advance test reactor inthe United States.
Those are therno-irradiations. The French and the
Japanese have done sone irradiation of nmetal fuels in
simlar conmpositions intheir fast reactors and we are
sending basically tw rod | oads (phonetic) worth of
fuels. Wthin two weeks it's going to be going to
France to be irradiated in Phenix in the last two
cycl es of the Phenix, Phenix reactor.

And t hose have basi cal | y urani um pl ut oni um
anericium neptunium just because we are limted so

far on dealing with these fabrication with all these

fuels. W have not dealt with curiumat all. W

don't -- we have not fabricated any curium bearing
fuels. However, there are -- even though we believe
the -- at | east we have denonstrated the feasibility

but there are sone issues that needs to get resolved
and | al ready tal ked about those in the previous view
graph. And this picture here, this is the arc

casting. This is howthe nmetal fuel looks like, it's
slugs after it's cast and then it's | oaded into rods

or pins and the netal field is always sodi umbonded so
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it is sodium bonded.

This is the result of our very initial
irradiation that we did in ATR around about eight
percent burn-up levels. These are the PIE results
after the fuel came out of the reactor, right around
six to eight percent. That is really the swelling
threshold for this fuel and we were able to achieve
the swelling threshold. Sonme of the fuels did not
swell and that has to do with the fission density as
opposed to just a percent burn-up and sone of the fuel
was fully swollen that cane out. But what we' ve seen
in this fuel that contained americium and neptuni um
t he behavi or was very simlar to the urani umpl utoni um
fuel that we had extensively tested in the past.

So that's why we feel fairly confident that
this fuel form nay be feasible for transuranic
recycling. W have spent quite a bit of effort on
nitrite fuels as well in this country, as |'ve
i ndicated and | al so wanted to sunmari ze that for you.
W were able to produce pellets under very carefully
controlled conditions. W were able to produce
pellets, irradiate the pellets in the advanced test
reactor. W are also shipping a couple of rods for
the irradi ati on canpaign in Phenix. |It's going along

with the metal fuels but what we have observed with
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the nitrite fuel is that it is a very sensitive fuel
formand especially with the addition of americiumto
the fuel, the centering tenperatures, it's very
difficult tocontrol the centering tenperatures. Wen
we go to too | owof a centering tenperature, we cannot
get the nechanical integrity in the fuel

Wen we go to very high centering
tenperatures, then we start putting too nuch ameri ci um
in the fuel. Anmericiumnitrite is -- the vapor
pressure i s al nost the sanme as anericiumnetal, versus
anerici um oxi de vapor pressure is quite a bit |ower
than the anericiumnitrite. So with nitrite, we still
have a long way to go in order to be able to do a
| arge scal e production with consistent results and we
have al so seen that there is an extrene sensitivity to
pellets to oxygen, even small anpbunts of oxygen
whether it'sinthe -- it's introduced during shi ppi ng
or whether it's introduced during characterization,
smal | amounts of oxygen results in | oss of nechani cal
integrity very quickly. And this is an exanpl e of
that. This pellet was one of these.

It was a perfectly nice pellet. W put into
a-- we weretrying to neasure the therno-conductivity
of that pell et and our therno-conductivity was fl ow ng

around 100 ppm of oxygen in there. And after being
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exposed to 100 ppm of oxygen, that's what happened to
t he pellet.

kay, this is a summary of the irradiation
schedul e, what you see in here. Everything in here is
al ready done. |'ve shown you a fewresults of the PIE
al ready, so those fuels are irradiated. The PIE is
done. W are confident with the results of that and
those are basically nitrites and netals and based on
those results, we said netal is our primary candi dat e,
nitrite is a backup option for |onger term W have
a nunber of irradiations ongoing in the advanced test
reactors, also these are for basically higher burn-
ups. W are trying to achieve 20 percent or higher
burn-up in these fuels in the advanced test reactor.

Starting next year we are going to have this
canpai gn which we have been |ooking forward to, we
have been getting ready for about three years in
Pheni x reactor. That's going to be really -- for our
own fuels it's going to be the first tine we're going
expose themto prospect (phonetic) fromirradiation.
So it will go on for about two years and after that
they are shutting down the reactor so it's really our
| ast opportunity to do anything in Phenix in France.

And t hese canpaigns that will start also

next year are going to start dealing with the i ssue of
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| ant hani de and start putting sone | ant hani des into the
fuels and going to different anounts of |anthani des
under different levels of burn-up trying to cone up
with a quantitative neasure that we can pass onto Jim
internms of what the | ant hani de cl ean-up factor needs
to be on the fuel and then we are negotiating with the
Japanese to be able to get into Joyo in |ate 2009,
early 2010 and start doing sonme irradiation testing in
Joyo as well for these kind of fuels.

Now, as part of that, at |east as part of
the long-termprogram and if you have read the G\EP
overall GNEP objectives, one elenment of GNEP is a
| ar ger enphasi s on nodeling and simul ati on and bei ng
able to do nore predictive work in the long run with
respect to not only the fuels but the separations, the
whol e recycling technology. Now, as you know, even
for the sinple type of fuels that we have today, our
predictive capabilities are really, really linted.
It is a very difficult problemthat we are dealing
with. Everything is changing on us with tinme. There
isreally no steady state to speak of. Everything is
a transient problem and everything is really an
initial condition dependent probl emdependi ng upon how
you fabricate the fuel. Two -- the exact same fuel is

fabricated in two di fferent places, typically behaving
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two different ways.

So but these are the type of predictions
that we need to do in order to at |east get a handle
of -- from a pure fundanental understanding
standpoint, to get a handle of what these fuels are
really doing. And to us, that is inportant because as
| have indicated in ny early -- in ny very first view
graph, we are dealing with a variable range of
conpositions even though that's not a very wi de range,
but we are tal ki ng about perhaps the neptuni um goi ng
fromthree percent to five percent and curium goi ng
from500 ppmto up to 2,000 ppm Even though it's a
narrow range, it will be al nost inpossible to be able
to hold qualification experinments for the whol e series
of conpositions. Therefore, we need a tool that at
| east within a narrow range can gui de us and do one
set of experinents and then be able to extrapol ate
those experinments to at -- at least to different
conposi tions.

So as part of that, we do have an effort
where we are | ooking at an integrated fuel nodeling.
It is anulti-scale nodeling, basically on the | ength
scale going all the way from the nanoneter scale to
neter scale which is really where we see the

engi neering problens occur, but these are nostly the
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el ectronic structures, the nol ecular dynam cs and in
the time scale all the way from pi cosecond to seconds
and hours to years to fuel performance. And this is
one of our grand chal |l enges, that we al so comnmuni cat ed
to our office of science partners in DOE to hel p us
out with. There are two probl ens.

One problemis, do we really understand
things at this level? Do we have a good understandi ng
of it to be able to nodel it? And in nany cases it
turns out that yeah, we do have quite a bit of
understanding to be able to nodel it. But
conput ationally doing this kind of a conputati on over
a decade's worth of scale, is also a challenge. And
they are -- | believe they are really excited to help
us with this problem and we are working with them
closely on that. So that's part of our fue
devel opnent effort as well.

Now, I'mgoing to talk a little bit about
the advanced fuel «cycle facility, what it is.
Basically, as |I've indicated right now, we are trying
to use our existing facilities, our plutonium
facilities. There are not too many places in the
United States where we can deal with transuranics, so
we are using alnost -- we are taking advantage of

everything we can get our hands on to be able to do
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that work. And we are going to start converting sone
of the hot cells to help us out with that work, but
eventually, those are really snmall facilities and we
can deal with gramquantities of naterials at the
nost, maybe tens of grans of transuranics. The
advanced fuel cycle facility is to basically take
everything that we've done in here, be able to bring
that closer to an engineering reality and it does have
-- it is targeting four technol ogi es; advanced f uel
fabrication, renote fuel fabrication for these
different types of fuels, advanced processing, and
primarily the processing of the fast reactor fuel as
it gets recycled through the fast reactors, advanced
safeguards concepts and advanced wei ght form
associated with all these recycling operations, not
only separations but the fuel fabrication.

And then it's supposed to be done at an
engi neering skill so that the data that we get out of
it in ternms of post-safety non-proliferation and
envi ronnment can give us the input we need to nmake a
deci sion whether we really -- those are technol ogi es
you want to commercialize or do we need to work on
themnore until we optim ze sone of this before we go
commercial. It needs to be |large enough. W don't

want it to be too large. |It's not a production
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facility. 1It's still a technol ogy devel opnent
facility but at the sanme tine, it needs to be |large
enough so that the data that cones out of it is
reliable for decisions on conmercialization.

And as it's positioned currently, and this
is at the very, very early stage of conceptual design,
actually. It's pre-conceptual design | would say.
It's envisioned that the size of it is going to be on
the order of nmaybe 10 LTAs per |ead test assenblies
per year for fuel fabrication. These are fast reactor
test assenblies, about one ton or per year of heavy
netal s, plus reactor fuels, the processing nodul e and
thenit will be conplinmented by an R& nodul e where we
wi |l be doing snmall scal e things before we carry them
into the | arge scal e engi neeri ng nodul e.

W expect that it will have a pyro-process
nodul e and an aqueous process nodule tied to a renote
fuel fabrication and that connection -- designing that
interface is very inportant and I'mgoing to talk a
little bit about that also. The idea is to -- for the
materials never to leave the hot cells between
separation and fuel fabrication. Basically, we
separate the materials, ship themto fuel yards, into
t he next hot cell and do the fuel fabrication and then

in a cartoonish sense, we expect from one end we'll
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get spent fuel coming in and fromthe other end of the
hot cells fresh fuel wll come out wthout the
mat erials ever |leaving the hot cells in between.

And al so analytic |aboratory obviously to
support all these activities and an advanced control
and nonitoring center to not only around t he pl ant but
also to be able to test the advanced concepts on
safeguards control and nonitoring. So in that
respect, we are trying to design it so that not only
we do denonstrate sonething but also this becones a
facility for us to use for the next 50, 60 years so
that we always nmaintain the state of the art. After
we do the first denonstration of the fuel cycle, I'm
sure we are going to |learn second things and for the
second generation we wll want to inprove certain
things in terns of cost and performance and we will
like this facility to be able to hel p us do that, too.

So it's not being designed just one single
denmonstration with alimted scope. |I'mgoing to skip
this but basically as I've indicated, we are in the
early phases of the design yet, but we have a nunber
of trade studies to conplete in terns of exactly which
way we are going to go with the AFCF, whether it wll
be a nodul ar facility, how many nodules it's going to

have and how it's going to interact with the other
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facilities that are either under GNEP or that are --
that we are currently using.

Now, the rest of the view graphs really are
related to the advance -- what we plan on doing in
ternms of the advanced saf eguards research and how we
pl an on usi ng AFCF t o denonstrat e advanced saf eguar ds.
| don't know whether this Conmittee is interested in
listening to that or can we just leave it with the
vi ew graphs.

VI CE- CHAI RMAN CROFF: | think with our time
situation if you could -- | think we'd be interested
in the safeguards thing, but if you could get through
it relatively quickly, seven nm nutes or something like
that, because | want to leave a lot of tine for
guesti ons.

DR. PASAMEHVETOGLU. Okay, with respect to
the NRC, this is one view graph that | want to talk
about for a few mnutes, that's now currently with
separations and the fuel fabrication, really for
advances safeguards, | AEA has certain goals that we
woul d I'i ke to achieve in this kind of recycling plants
and the I AEA goal, it's not a requirenment, it's a
goal, is to be able to detect a significant quantity
and | guess | should go to the previous view graph,

and that's a fixed amount. Basically, we should be



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

66

abl e to detect any | oss of eight kilogranms of nateri al
within ayear, that's the significant quantity and t he
uncertainty on that which they refer to as sigm
inventory difference as 2.4 kil ogram of pl utonium

So that's a fixed nunber. The regul ations
inthe United States right now, at | east the ones that
are in there, granted that we haven't really operated
-- built or operated a plant like this for a | ong
time, are in terns of fractions of the inventory, a
percentage of the inventory. And this is the NRC and
this has really -- the basis for this has nothing to
do with the separation plant. The basis for this is
for a fuel fabrication plant and this is the DOE
nunber. And the issue | want to point out which neans
that we really need to work closely with NRC as we go
t hrough this process in order to devel op these ki nd of
regul ations, if you just convert the current nunbers,
exi sting nunbers, to what it wll take for us to
operate AFCF, you are talking about basically an
inventory di fference uncertainty of 25 grans per year.
That's i npossible to detect.

Wher eas | AEA woul d not -- regardl ess of the
size, that would still be 2.4 kilogramfor | AEA which
you know, we are neeting. So these are the type of

things that I think as we proceed in this technol ogy
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in terms of the safeguard, these are the type of
t hi ngs we need to develop jointly. And the objective
really is to be able to apply for what we currently

know which is a robust safeguard technol ogy for the

PUREX pl ants that we are using all over the world, but
be able to apply the sane techni ques to UREX and pyro
and get the sane robustness out of that, be able to

achi eve the | AEA goal of not |osing any nore than one
significant quantity with a certain uncertainty with
| ess intrusive neans and by that | nean, we don't want
to shut down the plants every other nonth to be able
to take inventories and we don't want to take too many
sanpl es, and we don't want too nmany i nspectors pushing
too many buttons in there.

So reduce the requirenents of continuous
presence of inspectors and overall the objectiveisto
reduce the risk of diversion fromthese facilities.
And it is based on basically four different concepts.
One i s advanced instrunmentation. W are working on a
nunber of newinstrunments that are -- that nay be nore
accurate, nore robust, nore reliable than what we had
before to track down the nmaterials as the materials
flowin the plant and advanced control |ogic concept
where we are basically looking at all the

instrunmentations that are in that plant, not just
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stuff that tracks down the nuclear materials, but the
pressure sensors, tenperature sensors, everythingthat
we have in the plant and convert those into sone sort
of a safeguard envel ope and every tine sonething that
shows that the plant is really not operating the way
it should be operating, doesn't mean sonebody is

di verting sonething but there is something wong with
t he pl ant operations, then you shut down t he plant and
do the inventory at that tinme. And these are nostly
based on nodel i ng and si nul ati on and we are wor ki hg on
al so basi cal ly an advanced virtual design of the plant
fuel fabrication, plus separation plant jointly and do
a lot of docunentation and being able to enbed
saf eguards into the plant design based on the virtual
design, and then eventually denonstrate all those in
the AFCF with a |arge enough scale so that you can
really | ook at those material s.

And what | have indicated earlier the
cartooni sh concept as part of the saf eguards by design
is spent nuclear fuel conmes fromone end, the
materials stay in the hot cells until it's converted
to fresh fuel without |eaving the hot cell so they are

wi thin a hot cell boundary until we have themin fresh

fuel. There is no shipping in between; however | have

to admt that on a cartooni sh sense, it makes sense
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but designing that interface still requires a little
bit of work to make sure that we can do an on-denmand
fabrication. And that's all really I want to say. |
t hink that nust -- and these are about -- | think that
sumari zes everything | want to say about safeguards.

VI CE- CHAI RVAN CROFF: (Okay, thank you very
much. | think what I'"'mgoing to do is go around again
and al |l ow everybody one question to start and we'l|l
see how much time we have left and | think at this
point, I'll leave -- let the questioner direct a
guestion to any of the fol ks up here as opposed to
just Kermal, depending on, you know, where your
interest lies. So with that, Jin®

MEMBER CLARKE: Thanks, Allen. Just a quick
guestion for Kemal. You nentioned the americium and
the high vapor pressure and you need to recover it
given the current approach. It strikes ne that if
there were a way to keep it in the matrix and not
conprom se the quality of other operations that that
woul d be preferable. Is there -- can you continue to
| ook at that or is that --

DR PASAMEHMETOGLU:  Yeah, our baseline
approach is basically keep it inthe matrix and that's
why we are | ooking at that induction furnace. |If we

just floated the solid materials, heat themvery
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qui ckly, melt themvery quickly, cast themvery

qui ckly, so that we don't |ose any anericium that's
our baseline approach. Recovering anericiumis a
backup approach

MEMBER CLARKE: Ckay.

DR. PASAMEHVETOGLU:  It's the first
denonstration

MEMBER CLARKE: GCkay, | m sunder st ood.
Thank you.

MEMBER VEINER: This is a kind of general
guestion. And | address it to anyone who wants to
answer it. Wen Dr. Laidler gave his presentation he
was tal king about nitrite fuel as if it were, you
know, a done thing. And then | |look at your slide and
the nitrite fuel still has a great many problens. So
my question is, generally, can one or all of you draw
a line as to where you have actually tested sonething
where you have sone confidence that this is a going
t echnol ogy or where you're sinply are -- | don't want
to put it sinply, but where you are still in a
pl anni ng | ook at options stage? |s there sone break
point in here related to fuels, related to
i nstrumentation? Can you give sone idea because |'m
alittle confused as to how nuch of this is going to

change -- have to change direction of necessity as we
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nove toward the goal and how nuch of it is -- are you
confident in.

DR. PASAMEHMETOGLU. Well, at this point for
the fuels, | can speak for fuels, and then I'Il ask
Jimto conrent on the nitrite, on the nitrite fuel,
but for fuels, we are confident that we can make
either metal or outside work. Therefore, those are
our baselines and until we do sone renote fabrication,
in either one, it's very difficult to choose between
the two because there are different issues and one is
part of processing, the other one is this netal
casting and we expect that after we do sone hot cel
renote fabrication, which will be within four to five
years. At that time, we will be able to better nmake
a deci sion on which one is our primary. So it will be
nmetal or oxide.

Nitrites and dispersions have sone nice
futures to it, but as you have indicated, we have a
|l ong way to go; therefore, they will always remain the
background research

MEMBER VEI NER:  Thank you.

DR. PASAMEHMETOGLU:. | don't believe,
though, Jim is really basing his conclusions on
nitrite fuels, but I'Il et himspeak to that.

MEMBER VEINER: | was sinply using the
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nitrite fuel as an exanpl e.

DR PASAMEHMETOGLU:  Yes.

DR. LAIDLER Well, let ne correct that.
W' re not devel opi ng processes for nitrite fuel, only
for comrercial oxide fuel and potentially for fast
reactor netal or oxide. W know that we can handl e
nitrite fuel with a UREX process but we're not --
we're not including those tests in our repertoire,
only oxide -- conmercial oxide and fast reactor netal
and oxi de.

MEMBER VEEI NER:  Coul d you extend the concept
to the rest of the -- just in general to the rest of
the processes or are you -- are you at a stage of
confidence where these things can really go at an
i ndustrial |evel?

DR. LAIDLER |I'mvery confident in the
aqueous sol vent extraction process because we have a
| ot of worldwi de experience on that. The pyro-
chemi cal process is at a very early stage of
devel opnment and we just -- that's one of the reasons
for having the AFCF. W can run that process on real
spent fuel and do the real separations. But, again,
that -- to give a tine franme, it's probably two
decades away.

MEMBER VEI NER:  Thank you.
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DR. SAVAGE: | would like to make one

general conment regarding the budgetary approach in
the global nuclear energy partnership for the US
program The majority of our funding will be going
into the denonstration projects to denonstrate the
technol ogi es that we feel are the nbst mature and have
the least technical risk, but we retain an R&D
conmponent to the programwhich is a snaller anount to
continue to investigate these higher risk processes to
give us alternatives.

MEMBER HI NZE: A brief general question with
a few parts and this concerns the GNEP. What --where
does the United States stand in ternms of fuel
devel opnents conpared with other nations and what's
the |evel of cooperation and at what level is the
cooper ati on bei ng conducted anong that nations and is
there a -- any sense of an attenpt to approach
uniformty to our fuels on a global basis and is that
inmportant. And do others -- are others as concerned
about non-proliferation in their devel opnent of these
as we are? |Is that a brief question?

(Laught er)

DR. PASAMEHVETOGLU: Yeah. The answer is
not going to be very brief, though. No, actually

there is quite a bit of collaboration anbng certain
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countries. Qur collaboration with France in terns of
the transuranic fuels, this transnutation fuels has
been outstanding so far. There is the collaboration
ongoing. Until GNEP cane al ong, the sense of urgency
was not there. So where we are with respect to
transurani c or transnutation fuels in general is about
equi val ent of where Japan is, where France is. They
are also doing simlar thinks we are doing, small
scal e gl ove box fabrications at small scal es and snal |
scal e irradi ati ons and doi ng extensive
characterization and trying to figure out what makes
sense, what doesn't nake sense.

O course, with GNEP now, the programis
going to get accelerated, hopefully quite a bit
accel erated, and |I' mhopi ng that those other countries
will support that. It's really inportant to do this.
That chart | showed you, the eye chart that | showed
you, fromthe beginning to the end, it takes about 15
to 20 years to get there for one fuel type. Those
experinments, they're not things that we do overni ght
and then ook at it the next day and iterate again.

From a concept to qualified fuel, it takes
15 to 20 years and United States, regardl ess of how
big of a budget we can throw at it, we can only do a

few of those and it's very inportant that we do this
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internationally and share the data and nake a deci si on
on what really makes sense collectively.

Wth respect to proliferation, | think
obvi ously other countries have different views of
proliferation, because we don't do PUREX and they do
PUREX and they don't see any problemwth that.
However, with respect to fast reactors, which GNEP is
really |l ooking at at the very end of the fuel cycle,
| don't know any country that woul d di sagree with the
United States that if you're going to put this stuff
into the fast reactors, this is the right way to put
it in, in ternms of group transuranics.

For therno-reactors it is really difficult
to put the group transuranics into thernp-reactors.
That' s why those ot her countri es do PUREX and separate
the plutonium However, for what we are authorized to
do on the GNEP, | think we wll have ful
col | aboration of other countries, regardl ess of what
their view of proliferation issue is.

MEMBER HI NZE: And the non-proliferation
concerns in the devel opnent of the process, build in
non-proliferation aspects of it, isthat -- is that in
accord across the nations?

DR. PASAMEHMETOGLU:. The saf eguards research

that we are doing, we have received a |l ot of interest
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from the Japanese and the French to participate and
work with us in terns of the safeguards by design

approach as well as the advance instrunentation
approach and they -- and | believe everybody realizes
that if this is going to be a worl dwi de thing, we need
to look at it.

MEMBER HI NZE: Thank you.

DR. SAVAGE: | would also point out that
there is another programin the Departnent's Nucl ear
Energy O fice called the Generation for Advanced
Nucl ear Energy Initiative and there's a synergy
bet ween that programand this one. 1In fact, we fee
that the nuclear power 2010 programto pronote new
reactor construction in the United States, the
Ceneration For program are all elenments of the GNEP
vi sion because without growmh of nuclear in the US,
t he need for these technologies to deal with the waste
managenment issue, the non-proliferation issues, our
role in the world as a nuclear supplier state, are
nmeani ngl ess. So all of these progranms work
synergistically to achieve the ultimte goal, which
woul d be a sustainable closed fuel cycle optim zing
the use of the uraniumresources and other fissile
mat erials for energy production in a manner that is

econoni ¢ and pronotes proliferation resistance.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

77
MEMBER H NZE: And m ni m ze waste.

DR. SAVAGE: And minimze waste, right.

VI CE- CHAl RVAN CROFF:  Howar d?

MR. LARSON: Dr. Hinze has sort of the sane
guestion | did because when we | ooked at the
saf eguar ds segnent, there's quite a di fference bet ween
NRC, DCE and | AEA. | just wondered how the ot her
countries feel with our goal s being so nuch | ower than
the 1AEA's. | know you said you wanted the plants to
be able to neet the | AEA goal s.

DR. PASAMEHMETOGLU. Yeah, but the funny
part of it is, though, when | was |looking at it with
respect to the small pilot scale plants that we are
trying to do before we go commercial, if we were to
apply those nunbers to a cormercial plant, they'll al
cone out about the sane and | think that's where the
NRC s 0.1 percent nunber cane from based on the JMOX
plant in Japan. |If we were to do it at the conmmercia
scale, 0.1 percent would be roughly equal to what the
| AEA i s tracking.

But when you try to apply it to a small
pilot scale plant, then all of a sudden it becones
i npossible to apply. That's why | was maki ng that
conment .

VI CE- CHAI RVAN CROFF: Ckay, Larry?
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MR. TAVLAREDES: | was curious about the

scal e-up issues that you nentioned a bit. And it
seens to nme it's going to be a challenge to go from
the -- what you would say | aboratory casting mnet hods
to a continuous process to nmake these and | have
several aspects of this, questions related to that and
that is first of all, it seems to ne you have to go
froma bench type continuous process to a |l arger scal e
and | think naybe the scaling up would not be linear.
And so what probl ens do you see invol ved i n going from
the scale-up in the fuel fabrication and do you have
any connections with the European conmunity who may
have facilities that nay be helpful to you in doing
t hi s?

DR, PASAMEHMETOGLU: Let ne answer --
guess, let nme answer the question in the reverse
order. Wth respect to the European community, the
only place where we can really do renote fue
fabrication in Europe right now, the only facility is
-- at least the only facility that I"'maware of is in
a place called the Transuranic Institute, TIU in
Carl srul e (phonetic). However, they do not want to --
they do not want to contaminate their facility with
powder processing so they are limted to a very few

type of processes that they are willing to test in



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

79

there. And they are not in the netal fuel business at
all, so they don't have any equi pnrent to doi ng netal
fuel, therefore, that's not going to work.

In ternms of the scaling, in Russia there is
-- but they are nostly working no the vibro-pac and
t he sphere-pac technol ogy for renove fuel fabrication
issues. So if we can collaborate with the Russians,
that will probably be a good thing in that respect.
In ternms of scaling the processes fromthe | aboratory
scale to large scale, on the pilot processing that's
al ready done because if our schene works, it's going
to work just like the MOX fuel. For the netal
you're right, we still -- but the nice thing about it,
it's not sonething that takes 10 years to devel op and
test. W can test the different concepts.

Once we have a hot cell facility up and

operational, which we plan on having next year, after

that it takes a few nonths to test a concept. If it
works, great; if it doesn't work, you tweak a few
things. So within a few years, | think we will find

something is really the right scale for the scaling
appr oach.

MR. TAVLAREDES: Thank you very much

VI CE- CHAI RMAN CRCOFF: Ray?

MR WYMER: | had a couple of comments and
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then a question. |s that okay?

VI CE- CHAI RVAN CROFF: Al right, I'"msoft.

(Laught er)

MR, WYMER: (Ckay, the comnments, are, | was
a little surprised that there was no nention of the
fairly extensive Indian program on carbide fuels for
fast reactors and the second conment was, |'mnot sure
you know both these things, that there's al so over 40
years experience in fabrication and irradiation on a
small scale of transuranic elenments wup through
California at Cak Ridge and the RADC. And while the
irradiate those in the therno-flux reactor, stil
there's a |l ot of aspects of the performance that ought
to be of sone value and |' msure you' re aware of that
and | nmention it sort of as general information.

The question is, when you do the fast fuel
reactor cycles, after awhile you build up a whol e
suite of higher actinides. You nust have a bl eed-of f
stream eventually because those becone troubl esone
after awhil e because they're parasitic. And | wonder
what you plan to do with that bleed-off streamthat
becomes a waste stream

DR. PASAMEHMETOGLU. Well, | guess that's
nore of a Jimquestion than ny question because

everything Jimgives ne, I'll turn it into fuel
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MR, WYMER:  Ckay.

DR LAIDLER. One of the beauties of the
fast reactor is that you don't clinb up the higher
transurani cs that quickly.

MR. WYMER: Not so quickly, right. So you
can go around the | oop a nunber of tines.

DR. LAIDLER. Exactly, and there is -- in
any of these schenes there has to be an exit strategy
and we may exit fromthat cycle after 100 years or so
at which point maybe we can apply accelerator
transnutation to the residuals.

MR, WYMER. Ckay, that's your fallback

posi tion.

DR. LAIDLER. Yeah, I'll be gone by then.

(Laught er)

VI CE- CHAI RVAN CROFF:  I'Il let nyself in on
this. First, on your question, Ray, |'ve run recycle
calculations for -- in fast reactor for a lot of
cycl es.

MR. WYMER: Yeah, | know you have.

VI CE- CHAI RVAN CROFF:  And it doesn't build
up, peri od.

MR. WMER: You don't get any in the higher
stuff, the higher --

VI CE- CHAl RMAN CROFF:  Huh-uh, because
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everything fissions before it gets there. Everything
is fissile or fissionable in a fast reactor and --

MR WMER |'msurprised that all of it
does, Allen, but you're the authority, | recognize
t hat .

VI CE- CHAI RVAN CROFF:  And actually, if you
put LWR plutonium in a fast reactor and cycle it
around a nunber of tines, the quality inproves.

MR WYMER  Oh.

VI CE- CHAI RVAN CROFF:  Believe it or not, it
ends up looking like very nice material.

MR WYMER: Well, I'mtalking to the father
of the origin code that does all these cal cul ati ons.

VI CE- CHAI RVAN CRCFF:  But then ny question,
it will probably go to Buzz, | guess, | read through
the -- | guess it was your report to Congress that you
sent two or three nonths ago and |'m renenbering, |
think it was there, nmention that you are at the
begi nning stages of preparing, | think it was a
generic environnental inpact statement. Can you talk
alittle bit about -- well, I'Il call it the scope of
it or what you're trying to decide through that
process?

DR. SAVAGE: The initial scope that was

announced for the Environmental |npact Statenent was
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that it was strictly for out technol ogy denonstration
program whi ch invol ved three denonstration projects;
this larger scale, | call engineering scale
denonstrati on of the UREX+1A technol ogy separations,
an advanced fast test reactor for testing
transmutation fuels and the advanced fuel cycle
facility. Those are the near-termprojects in the
GNEP vision for the US conponent of the program and
the Environnental |npact Statement is evaluating the
alternatives for those projects as far as technol ogi es
and site locations. And it will be a two-year process
and we're -- we have a contractor on board to | ead the
effort and a draft of the EISis due about a year from
now.

VI CE- CHAI RVAN CROFF: Ckay, then let ne go
beyond it. | hadn't understood it was that narrow of
a scope and preface it by noting that what is it, 30
years ago or so, the governnment, | guess the AEC
actually, started it, the Generic Environnental
St atenent on M xed Oxi de, which, you know, basically
appeared to be necessary for |egal reasons | don't
understand for the country to recycl e plutonium which
they had wanted to do at the tinme. And that becane a
fairly contentious exercise that was not conpleted

because of President Carter's policy decision.
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And sone regul ations were put on the book,
| guess sort of as a result of that, but what plans
are there -- |'mpresum ng sonebody will have to pick
up that football again, at sone point and conplete it,
you know, for the w despread depl oynment and finish
that process. |Is there any thinking about that?

DR. SAVAGE: There is. |I'mnot directly
engaged in that activity. W are |ooking beyond the
EIS for these initial denonstration projects to a
programmatic | evel envi ronnent i npact process
afterwards. So there will be people evaluating that
before we get into that programmatic but that wll
probably end up being in that programmatic EIS.

VI CE- CHAI RVAN CROFF:  Ckay, and 1'Il note,
| think sonething that flowed out of that at the tine
was an EPA, | guess it's a standard, 40 CFR 190, that
is titled something |ike Releases fromthe U ani um
Fuel Cycl e, but it includes processing and
fabrication. One part of that limts rel ease of
radi oactive iodine and krypton, and if | work the
nunbers right, | think the DF for iodine, required DF
was 300 and for krypton 100.

It's expressed in curies so you' ve got to do
some gyrations to back it out. And in the Federa

Regi ster notice that pronulgated that, the EPA
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indicated -- this is in the background i nformation, of
course, that they also wanted to look at let's see
tritiumand carbon-14. |It's just they hadn't been
able to assess the technol ogies to decide what a
reasonabl e nunber was and at that point -- they never
pursued it, of course, because again, President
Carter's policy decision. But there is alittle bit
of information there and it seens to ne that's
probably going to come to the forefront in this
Environnental |npact Statenent. How nuch you put up

the stack is the basic issue and that may have to be

revisited.

| think with that, NRC staff, anybody have
a question? kay, we've still got a few m nutes here.
Anybody else, I'lIl throw it open. Anybody?

MR. FLACK: Allen, if | could just ask a
guestion, with respect to the fuel, eventually that
needs to be put into a reactor and | assune that
reactor may be sonething like aliquid sodiumreactor.
Do we fully understand how the fuel will behave under
the transient conditions that could evol ve both for
desi gn basis accidents, and beyond the design like
ATWS and that sort of thing, and how that woul d be
addressed as you begin to evol ve a nodel for the fuel,

what the fuel should ook like? |Is that --
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DR PASAMEHVETOGLU. Well, that is the

phase, the transient phase. You're right, we need to
understand that. | cannot state at this point that we
fully understand that based on the data that we have
to date. W haven't done that. However, the data
t hat we have obtained to date i s showi ng that at | east
the nmetal field is behaving very much |ike uranium
pl utonium nmetal field, so we have expectations that
the transient behavior will be very simlar as well.

However, obviously, we have to test it and
that's why we need to have that TRET (phonetic)
facility, the transient reactor to do those transient
tests and to put the -- before we can really say this
is our fuel guide and what our power limts are and
what our safety nodules are. So that's -- it is part
of the program

MEMBER VWEINER: This is really a question
for Dr. Savage. |If -- when these processes go
comerci al, when they becone part of commercial fue
pl ants, of course, it will be regul ated by the Nucl ear
Regul at ory Commi ssion. So | wonder to what extent, if
any, you have been communicating with the NRC to
design a regulatory franmework for this.

DR. SAVAGE: W' ve already had several

neetings with NRC and t he probl em has been recogni zed
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here at the Commission. A Wite Paper has been
prepared for the Comm ssion on what the regul atory
issues are likely to be. Qur current position with
respect to our denonstration projects is that if
they're built on DOE sites, they probably will not
require NRC regul atory oversight. However, in our
design efforts we want to bring NRCinto the revi ew of
the designs as we develop them so that they can be
i censabl e when do go cormmercial. So we will engage
and keep NRC engaged t hr oughout even t he denonstrati on
proj ects.

MEMBER WEINER: That's very forward
t hi nki ng.

VI CE- CHAI RMAN CROFF:  I'Il ask a question,
probably for Jim There was nmention of very high
burn-up LWR fuels up at the, you know, 100 gi gawatt
days per netric ton and maybe beyond. Are there any
i ssues that arise concerning processing? Can these
things be dissolved, for exanple? Are there any
i ssues there that cone up?

DR LAIDLER. There are a |ot of issues.
The first issue is getting to 100, 000.

VI CE- CHAI RVAN CROFF: Wl |, | understand.

DR. LAIDLER. The second issue is any

linings that are built into the fuel may conplicate
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the processing. The third is that as you go to higher
and hi gher burn-ups it becones a little bit harder to
get conplete dissolution. So we may have to in those
cases, resort to some either an advance dissol ution
process or, perish the thought, to the introduction of
fluoride ion into the system

VI CE- CHAI RVAN CROFF:  Under st and.

DR LAIDLER | don't like to do that
because of the conplications of process equi prment.

VI CE- CHAI RVAN CROFF: | understand. Anybody
el se here?

DR LAIDLER. Let ne add one thing to that,
Allen. The other point is that in sone cases, these
advanced fuels wll require the introduction of
reenabl e (phonetic) poisons and reenabl e poi sons tend
to be | ant hani des.

VI CE- CHAI RVAN CROFF:  Ckay.

DR. LAIDLER And that just inmposes a nore
severe restriction on the renoval of |anthanides in
our processes.

VI CE- CHAl RVAN CROFF: | understand. Well,
we're a whole three mnutes ahead of schedul e but |
think that's not a problem 1'd like to -- 1'd like
to thank all of you for the presentations. They have

been very helpful to us to get us into a comon
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framework as to what's going on and | suggested in
t he nunmber of questions that you did a really good
job of that. | suspect in preparing this Wite Paper
some of the fellows, you know, may have -- you know,
may be on the tel ephone wanting a little bit nore
detail in sonme areas, but | hope that's not a
problem Yes, sir.

DR SAVAGE: Can | make one final
statenent? DOE s office of Civilian Radioactive
Waste Managenent still exists and Yucca Muntain
licensing is their highest priority. That is one of
the Secretary's highest priorities as well. So this
program does not intend to do anything to divert
attention on the path for Yucca Muntain.

VI CE- CHAI RVAN CROFF:  Ckay, thanks. And ny
sincere thanks for comng by. It was really very
hel pful and | think an eye-opener a little bit on
just how conplicated sonme of this is going to be.
There's a |lot of boxes on those charts. So with
that, | think we'll adjourn this session and we'll be
back in session at 10: 30.

(A brief recess was taken at 10:13 a.m)

(Back on the record at 10:31 p.m)

VI CE- CHAl RVAN CROFF:  Well, I'mstill short

a couple of Conmittee nmenbers but our schedule it
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tight and I think naybe yours is too, so let's go
ahead and get going. | think for this session the
designated official is going to be Latif Handan. And
bef ore we go, we've got sonebody on the phone here.
Woul d you introduce yoursel f, please?

MR. ROSENBURCER Yes, this is Kent
Roser burger wi th Washi ngt on Savannah Ri ver Conpany.

VI CE- CHAI RMAN CRCFF:  Ckay, thank you.
Anybody el se out there? No, okay. This session on
St andard Review Plan for Activities Related to the US
Depart nent of Energy Waste Deternminations. And staff
has released a draft SRP and t he ACNW proposes to
comment on it and this is sort of a question and
answer session on the draft SRP so you're going to,
| guess, wal k through sone things and then we'll have
the questions. Anna, do you want to take the |ead?

M5. BRADFORD: Yes.

VI CE- CHAl RMAN CROFF: Ckay, take the | ead.

M5. BRADFORD: Good norning. M nanme is
Anna Bradford and |'m the Project Manager for
Devel opmrent of the Standard Review Plan for
Activities related to Departnment of Energy Waste
Determ nations. And with ne is Dr. Christianne Ridge
and Dr. David Esh, the two other nmain staff

contributors to the SRP
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And as you know, we were here a coupl e of
nonths ago back in My and gave the Conmittee a
presentation on the overall contents of the SRP but
at that tinme the SRP had not been publicly rel eased
and the Conmittee had not had a chance to review the
docunment, so that overview was at a pretty high
| evel . But since then, the docunent was rel eased for
public review on My 31%. |It's open for public
comment until July 31 %', Copies of the SRP were
provided to the Cormittee and after you had a chance
to look at it, your staff, as you nentioned, then
transmtted to us some specific questions or conments
from which you wanted to hear a little bit nore
specific information from us.

And that 1is the purpose of today's
presentation is to really get to those specific
areas. W're not going to go back over informtion
you' ve heard before such as, you know, history of the
NDAA and things like that. So Dave Esh and | will
each cover several topics and hopefully, what you
hear today wll help you focus and clarify any
recommendations you mght have to give us for the
final SRP.

And al though I'm not going to go, like I

said, to the background of the NDAA | did want to
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talk for a mnute about what we can and can't do
under the I aw and these are the things we had to keep
in mind when we were devel oping the draft Standard
Review Plan. And the first is that DOE is only
required to consult with the NRC. W do not have any
regul atory authority over DCE and we do not have any
authority over their activities with respect to this
waste. Also, the NDAA does not apply to the cleanup
of the entire site. It's not a site deconm ssioning
law. All it does is provide specific criteria for
deternmi ning whether certain waste required disposal
in a geological repository or not. It really applies
to only a small portion of all the clean-up
activities that DOE m ght be performng at a site.
And the SRP does not address all the other cleanup
activities that m ght be going on at that sanme site
And it also particularly specifies the use
of Sub-Part C of 10 CFR Part 61, not sone other
cl eanup requirenments. It specifically calls out Sub-
Part C. Also that our nonitoring role under the NDAA
islimted to assessing whet her or not DOE' s di sposal
activities are in conpliance with Sub-Part C. Again,
we don't have any regul atory or enforcenent authority
over them in nonitoring space. And we al so don't

have any authority or consultation role when it cones
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to other spills or |leaks that may have al ready
occurred at the site. And we'll talk nore about
nonitoring a little bit later in this presentation.

And before we get into the technica
details, | wanted to talk for a m nute about the
pur pose of the SRP. And as you know, it's a
docunent that provides guidance for the staff that
may be conducting reviews of waste determ nations.
And it describes the types of information that may be
assessed by the NRC staff during its reviews. For
exanple, if we're |ooking at the performance
assessnment for closure of a high |level waste tank
what types of things would we be | ooking for?

And having this docunmented in the SRP will
hel p provi de consi stency across the different revi ews
we' re doi ng and al so because we'll be using different
staff reviewers. | also wanted to point out that the
SRP is deliberately witten to be flexible and
applicable to the wide variety of things that we
m ght be analyzing in waste determ nations. As you
can imagine, it mght be hard to be very prescriptive
when we' re | ooki ng at things such as cl osure of tanks
in place, renoval of waste which would then be
treated and disposed of elsewhere in a |lowlevel

wast e disposal facility, maybe as grout, naybe as
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gl ass, |l ooking at a piece of vitrification equiprment
such as a nelter or |ooking at an evaporator for a
tank farm So we really needed to be broad.

If we had tried to be too prescriptive
t hi s docunent woul d have been very | arge and probably
still wouldn't have covered all the bases of all the
things we m ght see in the future. Dave is now going
to talk about sone areas with respect to the PA
Fol | owi ng Dave, Christianne will talk about radio-
nucl i de renoval and sonme cost benefit analysis. Then
it will conme back to ne to talk on a few renaining
i ssues such as existing guidance and nonitoring.

Dave?

DR. ESH  Thank you, Anna. | guess now is
the part of the presentation that we |ike to cal
Christmas in July because you get to hear ne speak
for 30 mnutes. But I'mgoing to focus on
performance assessnent. It's a main part of what
it's done in these reviews to denonstrate conpliance.
And this introductory slide is just providing a
summary of the overlying el enents and phil osophy of
the SRP with respect to performance assessnent. W
expect that performance assessnment is going to be
what's used, the anal ysis approach, to denonstrate

conpliance with 10 CFR 6141. The SRP provides
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gui dance on general topics, such as data uncertainty
and nodel support as well as the specific topics,
such as say estimation of infiltration rates. And as
Anna nentioned, SRP has to be witten to consider

site to site variability and al so problemto problem
variability.

Everybody tends to |like to focus on tanks,
but tanks are one incidental, one type of waste
incidental to the processing review. There are other
types of reviews too, that have different
inmplications. So this review that we do, it's
anticipated that they're perforned with a risk-

i nformed approach and that's necessary for a variety
of reasons, mainly because there's a | arge anmount of
i nformati on and you have a limted anount of tine and
resources to performthe review, so you have to focus

on those aspects that are npbst inportant to the --

nost likely to influence the denonstration of
conpl i ance. Next slide, please.
In per f or mance assessnent revi ew

procedures, we have an al |l owance for determ nistic or
probabi |l i stic approaches and the reason is that those
di fferent approaches can be used in different

ci rcunst ances and they have their pros and cons. W

had a separate section devoted to uncertainty and
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sensitivity analysis which we feel is an inportant
part of the performance assessnent process. W also
have separate areas on evaluating the nodel results
and defining the contributions of the barriers
because if you can't evaluate your nodel results and
define what's driving the calculations, then it's
going to be very difficult to inplenent a risk
informed approach to the review Next slide,

pl ease.

The Committee had a nunber of questions
about the performance assessnment approach and t he SRP
and | wanted to reiterate here at the top that these
reviews, we typically will neasure or characterize
the review not in say pages of docunents but in
i nches of documents and the highest |evel docunents
may be hundreds and hundreds of pages and nultiple
docunments and there m ght be hundreds of supporting
references of various size, so if you're going to
conb through that information and try to ask the
ri ght questions, you really need to focus on what are
the areas that you think are driving the results.

The SRP does not prescribe a specific
anal ysis technique to denonstrate conpliance either
deterministic or probabilistic but you can use

di fferent approaches and there's |ots of reasons why
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you would use different approaches. And at the
bottom here | say, "Conpliance does not equa

reality, conpliance equals safety”". | think this is
one of the nobst inportant points that we're a
regul ator and our main goal is to insure that public
health and safety is protected. And one way that you
can do that is by being pessimstic or what people
commonly say conservative in their analysis. That's
a way to insure that you' ve protected public health
and safety.

I deal Iy, the perfornmance assessnent woul d
be a very close representation of reality. But when
you have a |l ot of uncertainty, it's difficult to nake
a judgnment as to whether you've not underestinmated
your inpacts and therefore, that you' re not
protective of safety. So | think this is an area
where maybe I'l1 spend a few m nutes and tal k about
alittle bit on ny phil osophy.

In the SRP we don't anticipate a particul ar
approach. DOE can use whatever approach they want
and justify. W certainly indicate a preference for
probabilistic analysis. W think there's probably
nore advantages to di sadvantages but a determnistic
approach can be used. |If a determ nistic approach is

used, we feel it has to be reasonably conservative
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because it's not explicitly representing the
uncertainties. And it can be a very big challenge to
represent that uncertainties in a determnistic
calculation or to evaluate them | should say, not
represent them because they don't act in a linear
manner and you can't | ook at themone at a tine
necessarily in these types of nodels.

The nodel s respond in a non-1linear way that
if you |l ook at one uncertainty or one sensitivity at
a time, you usually don't get the full picture of
what the sensitivity -- what the inpact of the
uncertainty is in that type of anal ysis approach. So
we provide gui dance on each approach in the SRP and
we think that's appropriate and we indicate our
preference for a probabilistic analysis but we can't
prohibit the other analysis. Al we can do is
provi de gui dance as to what the shortcom ngs may be
and the types of things a reviewer needs to | ook for
if say a determ nistic analysis approach is used.

We understand the problens with using a
deterministic analysis. The Committee had sone
questions about well, shouldn't you be using a best
estimate type of deterministic analysis with a pretty
rigorous sensitivity analysis? And | would argue

that the problemwith that is if there's a |ot of
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uncertainty and you're using a best estinate, the
l'i keli hood that you' ve under-estinmated the i npacts is
much higher than if you' ve used a conservative

anal ysis of sone sort. So one of the issues is,
well, if you wuse a conservative determnistic
anal ysis and then you're trying to estimte the cost
benefit of renmoval, which is related to the inpacts
t hat you've generated with your per f or mance
assessment, how is that valid because you have this
conservative estimate of inpact. And so when you're
calculating the cost benefit, it's based on this
nunber that's conservative.

Well, yeah, it is. Wat that would | ead
to, though, is you're going to nake a decision to
renove nore waste than what you probably shoul d which
protects safety. It doesn't -- if you use a best
estimate, you could naybe lead to the -- cone to the
decision that you don't need to renbve nore waste
when you really should be renoving nore waste. So |
understand that in an ideal world you would want to
use your best estimate determ nistic analysis but if
you have a lot of wuncertainty, there's arisk to
doing that and | think that two approaches that we
advocate either a probabilistic analysis or a

conservative determnistic analysis are the two
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approaches you have to use if you have a |ot of
uncertainty and these problens have a |lot of
uncertainty.

Now, another conplication if you use a
deternministic analysis is how do you call -- what is
conservative? How do you define conservative? It is
a chall enge because many things -- it's not obvious
what the conservative answer is. And the exanple |
would give is, say groundwater flow, is it
conservative or over-estimate groundwater flow or
underestimate it? |It's actually dependent on the
problem |If you increase groundwater flow, you're
increasing the transport rate but you' re also
increasing dilution. So it depends on your specific
radi o- nucl i des in your problemand your specific
problem Increasing the groundwater flow rate wl|l
increase the arrival tinme of the long-lived radio-
nuclides but it will dilute the concentrations of the
shorter-lived radio-nuclides or the nore nobile
radi o-nucl i des that may have been arriving at the
conpl i ance poi nt al ready.

So there's a trade-of f and the maxi mum
mght be in the mddle or it mght be at either end
of the spectrum but that's just one exanple.

There's many exanples in these types of cal cul ations
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where it's not obvious what the conservative
selection is, even though people will attenpt to nake
conservative sel ecti ons, what they call conservative.
| have a problemw th even using conservative because
a conservative -- the termnology inplies that you
know what the answer is. And in these problens, the
per f ormance assessnent, you're going your projection
of what you think reality is.

W won't know what the real answer is but
hopefully we can estinate an inpact that will assure
safety that we've over-estimated it. |If you're
designing a bridge, you'll put a safety factor in the
design of the bridge. You will over-design the
bridge. The performance assessnents shoul d be over-
estimated. Even if it's a probabilistic analysis,
you' re probably over-estinmating because there's sone
areas where you can't adequately represent the
uncertainty or maybe you have variability that you
don't want to handle, spend the effort to try to
handle and so you'll try to nmke a conservative
deci si on.

So, it's kind of a soapbox issue but |
think it's inportant that we feel pretty strongly
that the approaches in the SRP are the ways to go.

A different approach, | think, could be problematic
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for us. Yeah, as a scientist, | want to know what
the true answer is but as a regulator, | want to
i nsure people are safe, and those are two different
answers. And that's the point that I want you to
take. Next slide, please.

In our perfornmance assessnents we strive,
if we can, to perform our own independent anal yses,
given our resource considerations and schedule.
These i ndependent calculations my include a
probabilistic performance assessnent if we feel it's
necessary. This review approach, we believe hel ps
focus our review and strengthens the basis for the
results of our review As | indicated, it's a large
amount of information and if you spend your tine

focusing equally on all areas, you're going to dilute

your effort on areas that nost influence the
deci sion. Now -- or nost influence your estinmated
risk.

The risk that we are estimating is a
conpliance risk, that's what | «call it. W --
everybody talks risk and risk regulator. W're
|l ooking at the risk of exceeding a linmt or a
conpl i ance type risk, which may be different than the
actual or true risk. |If you have a limted know edge

of your system your conpliance risk is probably
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going to be nuch larger, it's estimated to be rmnuch
| arger than what the true risk is if you really knew
it.

As you collect nore information, you can
col | apse those two closer and closer together. But
if you don't have a lot of information and you have
a lot of uncertainty, you alnost -- by definition,
your conpliance risk is going to be quite a bit
| arger than what your true risks are, but that's the
approach you have to use to protect health and
safety. Just as if you were designing a bridge, you
woul dn't design it at what you think the m ninmum
strength is for that bridge to withstand the forces
it's going to see; you over-design it so you're
pretty sure it's not going to fall down and injure
sonmebody or create a hazard.

W don't rely on these independent
cal cul ations as a basis for our decision though, only
to inform the review process. Qur decisions are
based on the calculational results of DOE. Next
slide, please.

Now there are a variety of questions on
t hese higher level issues that were provided to the
staff by the Commttee. There's a whole list of them

here. | really couldn't do slides on each one in the
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time that we have now, but we'll be happy to junp
back and di scuss themin detail. Wat I'll do nowis
just wal k through themand say a few words about each
one. The conpliance period, 10,000 years, the
Committee had a question of whether you coul d | ook at
a shorter conpliance period. Certainly if the risks
were -- you can show that the risks occurred earlier,
you could argue that you would evaluate a shorter
period. The conpliance period is kind of fixed,

t hough, by the scope of the problem The analysis
period may be shorter, you can argue it needs to be
shorter to denonstrate conpliance.

The actual conpliance period would be still
our 10,000 years which we think is appropriate to
| ook at the long-lived nobile contam nants and | ong-
lived less nobile contam nants. |Institutional
controls, we are not attenpting to do anything newin
regul atory space here. W're following the Part 61
approach which specifies an institutional control
period of 100 years. There were sone questions about
whet her we could use an LTR approach, which the
Committee says may be nore risk informed. | would
say it's different but it's not necessarily nore risk
informed. In the LTR approach you can anal yze

unrestricted release which neans the people can
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access the site at year zero. Then you apply a 25
mllirem per year dose limt or you can anal yze
restrictive release, where you evaluate that the
institutional controls are in place as | ong as needed
up to 1,000 years and the public receptors at the
boundary of the site, the nmintained area, but you
al so have to do a calculation that the controls fai
at year zero and then you evaluated a dose |imt of
100 or 500 millirem per year.

So it's a different calculation but it's
not necessarily nore risk infornmed and our
calculations for the first 100 years there's no
i npacts assessed to a public receptor, it's -- the
site's under control, the public receptors are only
evaluated for ongoing operations at the site
boundary, but during that tine, there's no potenti al
for an intruder to intrude into the system So in
many of these problens where you have a | ot of cesium
and strontium on the order of 30 year type half-
life, you're looking at an order of nagnitude
reduction in the risk over 100 years. So if you
anal yze the risk as year zero conpared to year 100,
you'll be looking at inpacts 10 tines |arger than
what we evaluate in this analysis.

And then when the controls fail, in the
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analysis that we do for Part 61, that intruder is
inside a buffer zone, which could be in the area
where the waste is. The public receptor is outside
the buffer zone. |In the LTR analysis, the receptor
is evaluated at the point of maximum exposure
anywhere, so over top of the waste or wherever the
poi nt of nmaxi num exposure is. So our approach is
sticking with the Part 61 approach. Yeah, there's
ot her things you could do but I don't see that the
LTR approach is nore risk inforned, nor do | see that
there would be a big benefit to extended the
institutional <control period for nost problens,
because we're |looking at a situation where the
technology is such that the intrusion occurs at 100
years. Where they have an intruder barrier that
they may argue they can take credit for which wll
prevent intrusion for up to 500 years, but the risk
fromthe long-lived contam nants, whether you start
the release -- the processes that can lead to rel ease
500 or whether you start themat 100, all it does is
shift the arrival tine of the peak by 400 years out
some time in the future.

So maybe you're changing the arrival at
5,000 to 5400, it doesn't have a big inpact for |ong-

lived contamnants. So only if you went to the
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process where you allowed institutional controls for
the whole analysis period and therefore, you could
prevent -- you could argue for the prevention of
contact with the waste or for a very large buffer
zone effectively between the waste and the public.
That's the only real benefit to allow ng or arguing
about what the institutional control period should
be.

The wuse of water, | don't think we
explicitly called it out in the SRP but this issue is
that basically if the water is non-potable, would you
all ow the Act to evaluate the inpacts fromthe water
and that answer, of course, is no. |If the water if
not potable, we wouldn't assunme that sonebody is
going to drink it. And ny personal opinion is,
that's one of the best ways to assure safety of a
site is you put it some place where people aren't
going to use the resources and the water is not
either accessible at the yields or it has a state
that people aren't going to use it. Over the |ong
term that's probably the best way to assure safety
of one of these systens or sites.

Conceptual nodel wuncertainty, there were
some questions about how do we evaluate that. W

don't eval uate conceptual nodel uncertainty different
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than any other uncertainty. W realize it's alittle
bit nore of a chall enge but when the staff perforns
one of these reviews, we basically have to ask
yourselves, is there a different conceptual nodel
that could be used that would result in a higher
impact and -- or is the information sufficient to
constrain it to the conceptual nodel that has been
presented? So we eval uate the conceptual node
uncertainty integrated with all the other types of
uncertainties. |It's not treated any differently.
Engi neer barrier performance is a big part
of these problens and it is a projection of
performance into the future. W had quite a bit of
guidance in the SRP about engineer barrier
performance. W think that's needed and justified
because these problens are going to rely on barriers.
If you can't rely on barriers, the problens are done
already which is, in nost cases, they wouldn't neet
conpliance. You do need to rely on barriers to sone
extent. Estimating their performance is a chall enge
but I don't think we are constrained to saying that
barriers can only last as |l ong as the experience that
we' ve had. There are a nunber of barriers out there
that have |lasted nuch |Ilonger than our recent

experience. It may not be a barrier in a radioactive
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waste facility but there are natural analogues to
many of these systens and processes that | think are
reasonabl e representati ons of what we coul d expect to
occur. And a couple of exanples I'I|l give you is
that for erosional stability, for instance, there's
a native American burial nmounds that have | asted for
many, mnmany hundreds to thousands of years in a
variety of locations and environnental conditions.
And yes, some of those have probably failed and sone
of them have partially failed, nany of them have
remai ned intact. That shows that they're basically
-- they have a |layered type system when they were
designed and they're somewhat anal ogous to the

| ayered type engi neered caps you mght see in these
wast e di sposal systens.

They've lasted a long period of time and
we' re consi dering in decom ssi oni ng space doi ng sone
work totry to eval uate those nore quantitatively and
try to understand why they've | asted and devel op
gui dance there. Certainly, if we did that, we would
reflect that in our Standard Review Plan for
incidental waste or if not inthe plan at least in --
we would nention that guidance for the reviewers to
consi der.

O her exanples are cenentitious materials.
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There are certainly exanples of cementitious
materials that have |asted for very |ong periods of
time. The point I want to make about barrier
performance is a lot of it cones down to
functionality. There's a difference between saying
a cenmentitious material can control the chem stry of
a site for thousands of years conpared to it wll
provide a hydraulic barrier for thousands of years.
Cenments and concretes, as you heard two days ago
there's been quite a bit of work, but there's stil
quite a bit of wuncertainty. They're subject to

di screte failure, cracking and it's hard to project
when and to what extent they're going to crack.

That would limt the functionality of that
barrier as a hydraulic barrier but the nass of
concrete is still essentially there and if the pore
fluids of the concrete are what's controlling
rel ease, you can estimate pretty easily how | ong t hat
cal ci um hydroxide is going to be present and how | ong
it's going to buffer the ph or the systemwhich wll
limt the releases of the radio-nuclides. So
performance, we really take a risk informed approach
there. W don't view barriers as failed or unfailed.
W view them as varyi ng degrees of performance. And

a barrier can start losing its performnce but stil
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be beneficial to the system so people |like to talk
in failed and unfailed and | don't think that's
really fair because all these things are a conti nual
spectrum of results.

There was a question about the stability of
tanks under wvariability saturated or saturated
conditions. And this was a problemthat was
recogni zed in Part 61. |If you look at the technica
requirenents, it basically says you cannot site a | ow
| evel waste facility in an area -- in a zone of water
tabl e fluctuation basically. And that was because at
the time, there was a | ot of uncertainty about what
that would nmean for the rel ease of contam nants.

There's still uncertainty with that, but in
the SRP we don't take a prescriptive approach. W
will consider that situation and consider how the
ri sks were evaluated and if they were eval uated
appropriately and if there's a basis for the rel ease
that's been considered but we don't say one condition
is prohibited and one condition is favorable. W
understand that there could be a variety of
conditions that we'll see in our review and we'l|l
eval uate them accordingly. Certainly, we'd probably
focus nore revieweffort on the situation that's nore

conplicated. That shoul d be understood.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

112

Level of proof, we use reasonabl e assurance
as our level of proof and we don't define it any
differently here than in any other regul atory
construct where the NRC uses reasonabl e assurance
Sothat's -- | guess I'Il let it go at that. Cimte
change, we do consider climte change, natural --
climate change fromnatural processes. Cinmte
change can influence a system but we don't consider
human i nduced cli mate change and the reason for that,
| think one argunment | could nmake, in addition to how
woul d you estinmate it, which there's a | ot of people
argui ng about clinmate change and they aren't arguing
about what the 10,000 year value is. They're arguing
about what's the inpact of climte change in 50 years
or 100 years.

But renenber in these anal yses, we do the
intruder analysis where the intruder directly
di srupts the waste, drills a well into it, puts a
house above it, drills a well right beside it,
something that puts them very close to the waste
Climate change, say human induced climte change is
an indirect inpact on the systemfrom human acti ons.
Intrusion is a direct inpact on the systemfrom human
actions. | would imgi ne you could probably do the

cal culations to denonstrate that the -- in many and
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alnpost all circunstances, the direct intrusion is
going to bound the inpact fromthe indirect process.
| can't say that definitively so, but that's ny
opi ni on.

Near by contam nation we heard about from
Anna. W don't evaluate the inpacts of a nearby
contani nation, although it can be very inportant and
high from a risk perspective. W believe our
| anguage in the NDAA gives us an interpretation that
we' re supposed to focus on what's contai ned, not what
t he past rel eases are. The past rel eases are covered
by ot her regul atory agenci es and ot her processes. So
if we were covering it, we're just duplicating that
effort of how it's namnaged. What we do consi der
t hough, is that the nearby contam nation gives two
pi eces of information that we consider. It gives how
is the -- howare the rel eases fromour systemlikely
to be transported in the environnent, so that's an
i mportant piece of information.

And then what was that other one? Sorry,

| lost ny train of thought. | don't renenber, |I'm
sorry, I'Il think of it. The nearby contam nation --
oh, | think it provides a decent anal ogue for howthe

system is going to behave. So a stakehol der m ght

not Iike the fact that there's exi sting contam nation
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but from a performance assessnent perspective, it's
good, you know. Yeah, if you |look at the strontium
90 plume at West Valley, it's a big issue for the
public and the nanagenent of it, et cetera. It gives
you a great piece of information for how you expect
the contam nants to nove when they are eventually
rel eased fromthe high |level waste tank. So in our
anal ysis at West Valley, we nade a G S nodel and a 3D
representation of the contam nation. W're able to
| ook at that and see, okay, whether our performance
assessment nodel prediction for transport of these
various contam nants are close at all to what's been
observed in the system | think those were sone of
the main topical areas you had questions on.

W didn't attenpt to answer themin our
slides but we figured it would be nuch nore
beneficial to have an open discussion on the topics
with you that we could cover them nore effectively.
"Il pass onto Christianne now.

DR RIDGE Good norning. Is this
m crophone working? GCkay. Well, we had the
opportunity to conme talk to you in May and you ni ght
renmenber in May Dave regretted that we had left the
sl owest speaker till last, and unfortunately we m xed

that up a little today and Dave was second and
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unfortunately, that | eaves the driest and stuffiest
speaker third in the batting order.

But in addition, it |eaves, perhaps a
somewhat conplicated topic for third which is radio-
nuclide renoval, which I think is something that
we're perhaps a little less confortable with because
the tie-in to being risk inforned isn't quite as
clear and direct. Wth the performance objectives,
| think it's very easy for a lot of us to understand
that we want to do a risk informed review and neeting
t he performance objectives is our neasure of risk and
it's very easy and straightforward to see how that
happens. Now, |I'mgoing to talk for the next few
m nutes and the next few slides about radio-nuclide
renoval and why we're | ooking at radi o-nuclide
renoval and what we're | ooking at and if you remenber
in My, unfortunately, there were a | ot of
prot obati ons (phonetic) on this topic. |I'mgoing to
be | ooking at renmpoval for waste determ nations that
were subnmitted after renoval was conpl eted, renoval
for waste determ nations where the renmoval was
submtted and they're |ooking at plans for what we
will be renoving. For instance in the saltstone
review, we |ooked at salt waste processing facility

which is not going to be conpleted for sonme tine and
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yet we were | ooking at the waste determ nati on before
that renoval action was conpl ete.

So there's looking at the renoval before
and after waste deterninations are conpleted, there's
the difference in the | anguage which I'mgoing to
tal k about on the next slide, between |ooking at the
maxi mum extent practical and the naxi num extent
technol ogically and econonmically practical. So we've
| eft, perhaps, the nost protobatical section for
|l ast, the one with the nore different little details
we have to |ook at, but I'mgoing to try to do this
sinmply, so if you bear with ne.

First, in May we tal ked about radi o-nuclide
inventories, the selection of highly radioactive
radi o- nucl i des, the selection of radio-nuclide
renoval technologies and the practicality of
addi ti onal renoval subdivided into a couple of
topics. Now, the first two, | think we covered and
were sonewhat straightforward on nost of the
questions that we received fromthe Commttee rel ated
to t he sel ection of radi o- nucl i de renova
technologies and the practicality of additional
renoval, so in the next fewslides |'mjust going to
focus on those last two bullets.

Now, before | get to the last two bullets,
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| did want to talk briefly about why we're | ooki ng at
radi o-nuclide renoval to the maxinum extent
practical. As | said, we appreciate that the
performance objectives really give you a straight
|l i ne towards assessing risk and doing a risk inforned
review and so one mght ask why the SRP spends so
much tinme and goes into so much detail talking about
how t o assess whet her radio-nuclides were renoved to
maxi nrum extent practical. The sinple answer, of
course, is that it's a guide for NRC reviewers and
we're required to |l ook at renpval to the nmaxi mum
extent practical by the | anguage of various

requi renents includi ng the NDAA.

The nore phil osophical question, perhaps,
is why this requirenent is included in the National
Def ense Aut hori zation Act for 2005, the NDAA and al so
included in DOE's Order 435.1, which nay apply to
Hanford and the West Valley Policy Statenent. Both
i nclude this type of requirenent that radi o-nuclides
be renoved to the maxinmum extent that's either
technologically and economcally practical or the
maxi num extent practical. There mght be subtle
di fferences between the two, which I'I|l address in a
nonent, and |'m an engi neer not a phil osopher but ny

interpretation of this is that all three bodies
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want ed to encode the preference that this waste that
we're deciding is not high level waste that we try to
m nimze the anpunt of waste that is dealt with
during this process. So maybe you could safely

di spose of a little bit nore of this waste in the
ground, in near surface disposal, but it seens that
all three bodies wanted to encode this preference
that we reduce the amobunt of waste that goes through
this type of waste determ nation for whatever reasons
and |I'm not going to specul ate about what Congress
was t hi nking or the phil osophical positions of DCE or
NRC, but ny interpretation as a reviewer is that the
reason we do this part of the reviewis that Congress
and DOE and NRC have come to the same concl usion,
that we want to mninmze the anmount of waste that
goes through this process of being declared not high
| evel waste or waste incidental to reprocessing as
sort of an independent requirenent in addition to
neeting the perfornmance objectives.

So the first step in this process that we
outlined was selection of technologies and the NRC
reviewer's evaluation of the technol ogies that DCE
decided to use to renmpve radi o-nuclides and the
process that DCE used to select those technol ogies.

And as a first cut, one of the things that we | ook
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for is the range of technol ogies that were eval uat ed
and we expect those to include at the very m ni num
technol ogi es that have been used at other DCE sites.
And one mght think that that's a bit circular, where
eval uati ng whet her or not DOE is doing what it is
that DOE does and they set their own bar and |
appreciate that that is a bit circular

Nonet hel ess, through experience we have
found that that is a good starting point because the
sites are different and the sanme technol ogi es that
per haps coul d be adapted with sone effort to be used
under different circunmstances wth a slightly
di fferent type of waste or slightly different type of
tank, we would like to see that those communi cati ons
t hroughout the DOE conpl ex are made. And one m ght
assume that they are made, but we have found through
experience that that's a good place to start, to say,
wel I, you know, at Hanford they seemto be able to do
this, they seemto be able to use this technetium
fromthe waste, they seemto be able to use this type
of technology. Could that he adapted for |daho?
Coul d that be adapted for Savannah River? Are there
technol ogies that could be adapted for used under
slightly different circunstances? So that's a first

st ep.
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As a second step, the SRP inforns the
reviewer that they would expect that the selection
process that DOE woul d go through, m ght include sone
of the followi ng topics; the expected effectiveness
of the technology, the technol ogical maturity of
vari ous technol ogies, schedule inpacts that m ght
occur from usi ng di fferent t echnol ogi es,
i mpl enent ati on costs, wor ker saf ety i npact,
systemni de effects of various technol ogies. Now, a
couple of these terns mnmght require a bit of
addi ti onal explanation. One of themthat, | think,
cause some questions was technol ogical maturity and
the advice in the SRP perhaps isn't precise enough in
sayi ng exactly what |evel of technol ogical maturity
is required, but I think there's a reason for that,
which in part, is due to the sort of conplications
that | alluded to earlier that a waste determ nation
can be submitted after renoval is considered conplete
by DOE, before renmoval is conplete or even well
before renoval is considered to be conplete, for
instance, in the case of the salt waste processing
facility at DOE which now is not expected to go
online, ny understanding is, until 2011.

So there is sone tine before sone of these

technologies will be inplemented. And the degree of
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technol ogical maturity, I'mnot sure we could really
draw a line that says if it's in devel opnent at a DOE
site, then that's enough and you have to consider it
or if it's actively being used at a different site,
you have to consider it. O if it's being actively
used at your site, you have to consider it. | think
that that cones down to a matter of judgnent, in part
because you would require a different |evel of
maturity iif the technology were going to be
i npl enented within three nonths or if the technol ogy
were going to be inplenented in 2011.

The degree of things you m ght consider
depends, we feel, in part on what the other
constraints are, when does this need to be used, when
do you need to start building it, when do you need to
start putting it in your budget? Wen do you need to
put down the Erl enneyer flask and the pipette and get
out of the | aboratory and i nto engi neering, different
| evel s of maturity might be applicable or reasonabl e
in different situations. So | think that's in part
the reason that the SRP | eft sone flexibility in that
region and naybe we do need to put a finer point on
that in the SRP

And then with respect to systemni de ef fect,

I think some of these others are obvious,
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i mpl enentation costs, worker safety inpact. Wth
respect to systemmi de effects, | think we were
speaki ng there about effects that trickle down into
downstream processes, so real physical chenical
effects. For instance, you mght not want to use
oxal i c acid, even though it cl eans your tank out very
well, if it causes downstream problens in another
chem cal system if it means that the glass that
you're eventually vitrifying does not turn out as
wel |, so those kinds of downstreameffects is really
what we neant by systemm de effects.

The next topic we got several questions
about was why we neant by |ooking at radio-nuclide
criteria. Essentially, what we would be | ooking at
is how DOE decided or will decide that they will stop
renoval activities. So | nean, once again, this is
the real bug-a-boo of this kind of an analysis is
that you' re | ooking at either things that have taken
place in the past or things that will take place in
the future and the language is a little different,
but essentially in nmeaning, the review criteria is
the sane. You want to know why did -- or will DOE
stop renoving radi o-nuclides froma system And so
if you' re looking at a systemwhere you are yet to

performthe renoval activities, DOE may establish
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various radio-nuclide criteria for deciding when
they' re conpl ete.

For instance, DOE m ght say, "W wll stop
when we reach this volunetric goal, when there are
200 gallons left in the tank, we're done". They
m ght say, "Wwen we've achieved a specified renoval
efficiency. So, for instance, if you have a chem ca
treatment process and you think it can achieve 80
percent renoval of the cesium or technetium or
what ever radi o-nuclide in your system DCE m ght say,
"W're going to stop this chem cal process when we
have renoved 80 percent because that is what we have
decided is practical.” And simlarly, you m ght
clean until you say, "W're going to punp on this
punp until the punping rate has declined to a gallon
per mnute, that's all we can do. Anything after
that is not practical, we're not achieving nuch".
And so any one of these types of «criteria or
different types of criteria, these were exanpl es t hat
we used, any one of these types of criteria m ght be
a good reason for DOE to say, "Wwen we get to this
goal, we're done".

Now, in that case, we don't know if that
has happened yet, but what the reviewer would | ook

at, would be, "Well, they say they're going to stop
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when t hey' ve gotten out 80 percent of the cesium |Is
that the best they can do? Are they doing better at
other sites? Do we think there are other
technol ogi es that could do better?" Simlarly, if you
were going to say we are going to stop when we neet
a volunetric goal, the NRC reviewer would | ook at,
"Well, is that a fair goal, does that nean that they
really did try to renmove it and anything after that,
yes, we agree getting down below 200 gallons, that
woul d be inpractical".

And so for waste renoval activities that
haven't stopped yet, that would be the type of
t hought process that a reviewer would go through
Now, those goals m ght not always be net. And they
m ght be met. | should actually interject here, it's
not as sinple as a distinction between the top bull et
is for future reviews and the bottom bullet is for
waste renoval activities that have taken place,
because maybe you get a waste determ nation where the
renoval activities have taken place and the answer is
we established this volunmetric goal, we nmet this
vol unetric goal and we're done. So it's not quite as
sinple as a distinction between future and past but
that's an easy way to think of it. But, of course,

one reason you m ght have stopped is that you net
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your goal s.

Now, you m ght stop for other reasons. You
had a volunetric goal but then you worked at it and
you were supposed to get down to 200 gallons. You
got down to 300 gall ons and your punp broke, and then
you have to go through a process of deciding, well,
is it worth taking out this punp and the worker dose
that that would cause and the cost that that would
cause and the delay that that would cause to renove
that extra 100 gallons to get down to our goal?
Wll, maybe it is and maybe it isn't and you woul d
need to evaluate that and the NRC reviewer would
simlarly want to understand DOE s thought process,
DCE's evaluation to go through that decision and
deci de whether or not it's worth going on at that
poi nt .

So | may have over-enphasized this point
too nmuch but those are the types of decisions and
essentially whether or not you call it the basis for
a deci sion you have nmade or the criteria you're going
to use to decide, it's the sane thing. It's deciding
-- it's evaluating the basis for the decision to stop
renoval .

Now, of course, another aspect of the sane

problem is that you look directly at would it be
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practical to perform additional renoval. So you've
st opped or you' ve deci ded when you will stop and then
you also look at the flip side of that coin which is
to decide is it practical to do nore. So there are
-- again, we |ist sone reasons in the SRP that you
m ght decide it's not practical to do nore. There
m ght be mniml expected benefits of doing nore.
The dose that you predict mght be quite | ow and you
can say, "Do you know what, it's not practical to do
nore because we just have nothing to gain". The
econonic cost in balance with those doses m ght be
quite high. There m ght be progranmatic and schedul e
i npacts of additional renoval. Again, there m ght be
systeminpacts which | talked about a little earlier
with respect to downstream processes.

Now, | think that the third bullet there,
the progranmatic inpacts mght require a little bit
of additional clarification because that's a sonewhat
fl exi bl e and open-ended notion of what are these
programmatic inpacts. | think one exanple m ght be
for instance, in the saltstone reviewthat we did for
Savannah River, one of the argunents that DCE made
for why the schedule was so inportant was that any
delays in treating salt waste woul d have an i npact on

the vitrification facility and would |imt how nuch
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wast e could be sent to the defense waste processing
facility, the vitrification facility.

W don't know right now what all the
programmatic inmpacts could be. That's one exanple
but the reason that the SRP left flexibility in this
area is that we recognize that we can't anticipate
what all the mission inpacts are going to be from
DCE. We're not DOE. So we can't anticipate al
those argunents but we did want to |eave flexibility
in that area, especially for analyses that are done
under the NDAA. And | nentioned earlier that
essentially we believe maxi mnum extent practical and
maxi mum extent technologically and economcally
practical to get to essentially the sanme point.

But if there is a subtle difference, it's
that we mght give nore weight, perhaps, to these
programmati c i npacts under the NDAA because the
| anguage is nore broad. It just says that we have to
eval uate renoval to the nmaxi nrumextent practical, and
practical enconpasses a great nmany things. And so as
one exanple that conmes to mind is a mssion inpact
such as limting what can be vitrified in the
vitrification facility. There could be others and
that's part of the reason that the SRP left sone

flexibility in this area.
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But now, again, since we are engi neers and
not phil osophers, we did express the preference that
to the extent possible, costs and benefits be
quantified in terns of economc costs and expected
doses because we understand those and their nunbers.
That's our preference but, again, there is
flexibility left open for these other areas. So once
you get into cost benefit analysis, the first
question, of course that cones to mnd is what is
your netric? And we discussed this a great deal
internally and whether or not we wanted to put into
the SRP a nunber, this nunmber of dollars for this
dose that's averted. And we did not do that.

I nstead we reconmended in the SRP that the costs and
benefits be conpared to costs and benefits of sinmilar
DCE activities, essentially recognizing that there
are different -- there are reasons that activities
performed by DOCE are different than the type of
activities that are perforned, for instance, by our
decommi ssioning |icensees and we have gui dance for
ALARA anal yses for |icensees.

W recogni ze that for a variety of reasons,
activities performed by DCE are different because
they are part of the Federal Governnent, because

they're a bigger organization than many of the
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i censees. There are various reasons, but
essentially what we wanted to do going forward was to
say, well, we assune that anything that DOE does
someone at DCE believes to be practical. W are
defining practical based on other DCE activities in
the context of a site perhaps. |In the context of
simlar environnental cleanup activities, what DOE
gui del i nes does DCE use to say we are going to clean
up this waste, we're not going to clean up this
waste. And so the types of questions we're going to
ask are the types of questions we've asked in the
past, for instance, if you spent $600.00 -- and |I'm
of course, naking these nunbers up, $600.00 a gallon
to remove waste from Tank XYZ, why did you say it
wasn't practical to renove the sane nunber of gallons
at $200.00 a gallon from Tank ABC? There m ght be
good reasons for that but we would ask the question.
W woul d ask the question and expect that
there would be a technical reason for the answer.
And so that's the guidance that we settled on. W
did discuss other NRC guidance, for instance, the
gui dance that's used in regulatory analyses or the
gui dance that's used for ALARA anal yses for |icense
term nation under the LTR And | don't need to go

into it now, we discussed why we thought sone of
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those mght not be applicable to this particular
situation. So that's how we addressed cost benefit
anal yses.

Now, of course, half of that equation is
cost and half of that equation is the benefit and the
Commttee raised sonme very good questions about how
do you assess the benefit when the analysis for the
performance assessnent mght be quite conservative?
And essentially, if DCE gives us a boundi ng anal ysi s,
and they say, "Well, this tank, do you know what,
it's comng in, it couldn't possibly be greater than
15 mllirem per year. W've net the perfornmance
objectives,"” if we agree that that's bounding, you
conme in at 15, you're done, it saves themtinme, you
know, saves us tinme. You're done. That is
probl emati ¢ when you put that in the context of a
cost benefit anal ysis because now you' re chasing
these 5 mllirem that probably nost people involved
agree aren't there because maybe it's only a
millirem maybe it's a half mllirem W certainly
appreci ate that point.

The SRP enphasizes that uncertainties in
the dose estimate will propagate into cost benefit
anal yses, so if you don't know if your dose is 10 or

50 or .1 mllirem the SRP does enphasize to the
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reviewer that those uncertainties are half of your
cost benefit analysis and they're going to have an
i npact and the reviewer does need to be aware of
that. And we do recognize this issue and it's a
difficult one. And what | would say, the explanation
| can give is that when we are evaluating a
per f or mance assessment, we certainly t hr ough
i ndependent analysis that Dr. Esh tal ked about and
through just reviewing the analysis, try to assess
the degree of conservati smof the perfornance
assessment. So we do try to have sone under st andi ng,
is this 15 the best estinmate, is this 15 very
conservative, and as Dave pointed out, that in itself
is not sinple but it is what we are trying to do.

And so we do recognize the issue and
attenpt to assess the degree of conservatism and
indeed, DCE is free to and they certainly do point
out to us any tine they think an assunption that
they're making is conservative. | think that those
-- we can be confident that those areas will always
be highlighted in the performance assessnents we
receive to nake sure we understand and we i nvestigate
those and we decide if we agree, but certainly we do
try to be aware of those areas.

W also received another question about
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wor ker dose estimates and worker dose estimates are
expected to be based on exposures fromsimlar
activities because they have been in the past in
reviews that we've gotten. W don't require that and
I think that the question probably was trying to get
to the difference between a worker dose estimate,
whi ch probably is based on a best estimte based on
simlar activities that have taken place and DOE has
experience taking punps out of these tanks. They
have a good i dea of what the worker dose m ght be and
so | think that probably what the question was
getting at was this broader issue | just discussed of
conparing a best estimate of a worker dose to a
conservative estimate from a performance assessnent
perspective and | don't think | need to revisit that.
| think |I've probably went on about that a bit too

| ong, but we are aware that one of those is a best
esti mate and one of those m ght be conservative and

we do try to understand that in the conparison.

And so with that, | wll turn things back
over to Anna who will finish up a few | ast slides.
M5. BRADFORD: Right. | have just a few

odds and ends types of things that canme up in the
qguestions and conments that we got fromthe Conmittee

and one was on existing guidance. And | wanted to
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poi nt out that the SRP uses existing gui dance where

applicable. W' ve |looked a |ot at NUREG 1573, which
is performance assessnent for |ow | evel waste

di sposal facilities, as well as NUREG 1757, which is
the consolidated deconm ssioning guidance. But we

didn't just cut and paste fromthese docunents.

W really made sure we went and | ooked at
the informati on we were using and tailored it to nake
sure it was applicable to waste determ nation
reviews. And al so because each of the sets of
i nci dental waste criteria, be it NDAA, DOE, Order 435
or the Wst Valley Policy Statenent, they al
specifically cite 10 CFR 61, not the LTR or any ot her
kind of requirenment. And so, therefore, we thought
usi ng the guidance for 10 CFR 61 was the nost
appropri ate approach in the SRP

And for worker dose, 10 CFR 61 references
for the nost part 10 CR 20 and so the SRP |ists those
sections of CFR 20 that are applicable. W have
ignored things |ike admnistrative things or
enf or cenent because obvi ousl vy, t hose aren't
applicable to DOE but it lists the sections of Part
20 that should be considered and for the nobst part,
DCE's own regulations in 10 CFR 835 are the sane or

in some cases a little bit nore stringent than ours
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in Part 20 and so in their waste determ nations, DCE
typically provides a <crosswalk between their
requirenents in 835 and our requirenents in Part 20
to show that by neeting 835, they neet Part 20 and
Part 61. And we don't plan, in the SRP to provide
one of those generic type of crosswal ks.

And then | wanted for a minute to just go
over a fewterns that there seenmed to be sone
questions about that we used in the SRP. Reasonabl e
assurance, Dave talked about that for a nmonent
already. This is the same reasonabl e assurance that
we use in all of NRCs or many of NRC s regul atory
activities. It's the sanme here when we're | ooking t
wast e determ nations. The conparable to, a few sets
of the waste criteria will have a statenment. For
exanple, DOE Order 435 will say they should use 10
CFR 61 Subpart C or conparable safety requirenents
and the gquestion was, what does conparabl e nean, and
we woul d say that conparabl e nmeans either the sanme or
nore stringent than the requirenents of Part 61.

And as the SRP states, DOE has never in any
of their waste determnations, tried to use sone
ot her set of criteria that are conparable to.
They' ve al ways just gone ahead and used Part 61. The

ot her phrase is "other characteristics", and this
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conmes out of the first requirement of the NDAA, which
is that it sinply says the waste does not require
di sposal in geologic repository. And we feel that
you show you neet this by neeting the other two
criteria, which is you neet the perfornance
obj ectives and you renove waste to the nmaxi num ext ent
practical. But we wanted to have sone flexibility
there. Maybe there's going to be sone other
characteristic of a waste streamthat we haven't seen
before that will come up in the future that would
make you stop and think naybe this does require
geol ogi ¢ di sposal even though it neets these other
requi renents, for exanple, on non-proliferation
concerns or some other -- sonmething else. W just
wanted to | eave that flexibility there and not close
the door on that. That's the reason for that phrase.
And then also the draft SRP was issued for
interimuse and conment. That interimuse is just
supposed to give the idea that we can go ahead and
start using it imrediately. Qur reviewers can use
the information in there on their waste determ nation
reviews we have already ongoing and DOE can | ook at
it to get an idea of what types of things they night
want to include in future waste determ nations that

they plan to submt to us.
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| wanted to tal k agai n about nonitoring for
a mnute. This is the |last area addressed in the SRP
is our nonitoring of disposal actions under the NDAA
and our nonitoring wll be risk-infornmed and
performance based as the SRP says. W really plan to
focus on the things that could effect the results.
And we believe, as the SRP says, that non-conpliance
will be when there is no | onger reasonabl e assurance
that performance objectives can be nmet. And this
m ght be the result of either a neasured paraneter or
proj ected anal yses such as a PA result.

And we intend to, as we do in our waste
determination reviews, rely on DOE s PA as updated
and revised. W would naybe | ook at how it's updated
or revised or naybe performour own confirmatory
nodeling to cone to any concl usions about whet her
there's an non-conpliance. And of course, we'd pay
special attention to any paranmeters that are highly
risk significant. And the scope of the nonitoring
plans may vary. W're really at the early stages of
the nonitoring. W haven't started nonitoring
anything yet in particular. So | think as we're
goi ng al ong, the scopes of those plans may change.

For exanple, right now, we're review ng a

waste determ nation for two tanks at Savannah Ri ver,
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and it woul d nake sense to ne if the first nonitoring
plan was for those first two tanks because that's
what we've conpleted so far, but as we conplete nore
reviews and as our nonitoring activities are
enconmpassing nore tanks, it mght nmake sense to
consolidate a nonitoring plan. Maybe eventually, it
woul d be a plan for all of a tank farmbut we're not
t here yet.

And | just want to repeat again that we do
not have any authority with DOE with respect to
nonitoring. So we can't require themto nonitor a
particul ar aspect of their activities, but they do
have their own internal requirenments for nonitoring
and any docunents and things like that are things we
woul d expect to look at. | just wanted to, in
concl usion, point out that the draft SRP is based on
exi sting NRC gui dance, like | nentioned, as well as
staff experience. W've conpleted five incidental
waste reviews and we certainly applied that
experience when we were developing that SRP and |
think we've found that it greatly inforned what we
t hought should be in the SRP. Having had that
experience of going through reviews, it really hel ped
you under stand what shoul d be included in the SRP for

future revi ews.
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Also the draft SRP is flexible and

applicable to the many different types of waste
deternminations we nmay see in the future, while still
provi di ng the mai n purpose, which is the consistency
for reviewers and for people to understand what it is
that the NRC will be |ooking at. And with that, |
hope what you heard today wll help answer any
guestions you have and we | ook forward to receiving
any comments you m ght have.

VI CE- CHAI RMAN CRCOFF:  Ckay, thank you.
Questions fromthe Cormttee, Jinf

MEMBER CLARKE: What |1'd like to do Allen,
isl'dlike to nake a comment, and then |I'd like to
ask Dr. Esh to comment on ny comrent. But 1'd start
out by saying | thought your coments concerning how
the NRC will review the perfornance assessment
especially with respect to the very difficult issues
around | ong-term performance, | thought that they
reflected a very thoughtful analysis and you don't
have to comrent on that, unless you disagree with it.

The observation seeing the  barriers
performance is limted to the experience is clearly
overly conservative. Wat we' ve seen, if barriers
are going to fail, they usually fail pretty quickly

because they' re not constructed properly or they were



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

139

a bad design. However, saying that they will perform
well into the future, and | don't know what that
nmeans, goi ng back to experience, but to say that they
will perform well, into the future, is probably
overly optimstic unless we're prepared to intervene
in a way that keeps them perform ng.

And the other thing is | think -- | can't
recall howyou did this but I think the way we define
failure is inmportant and | would define it as whether
it's engineered barriers or institutional controls,
is this loss of control. 1In other words, the barrier
that failed to neet the design objectives or the
institutional controls failed to perform and | would
add a caveat, with or w thout consequences, because
| think if youtry to wap consequences into failure,
just they are waste specific and site specific and
many ot her factors reflect on that.

So | would come back to | think the
i nportance of intervention in the long termif you
really need a barrier to performover along term in
nonitoring this, | think you have to be prepared to
intervene. And so | would think that the way you
propose to look at that or the way you propose to
review how the applicant plans to deal with that

woul d be inportant. That's nmy comment. | just throw
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it back to you.

DR. ESH Well, | would agree with your
whol eheartedly on your first part about experience
base and going beyond experience based. | think
certainly you can nake argunents for goi ng beyond
experience based and of course, the $64,000.00

question is how far beyond that or maybe for sone

barriers it's a $4 mllion question, but | think
it's -- the analysis approach has to consider a
variety of things. It has to consider what you know

now, the systemthat barrier is operating in, what's
the processes nechanisns and how dynamic is that
system and there are certainly sonme things that are
going to be nore controllable than ot hers.

And the exanple | gave with respect to the
burial nounds, the Anerican Indian burial nounds is
they've -- a nunber of them have survived for a | ong

period of time froma stability standpoint. So the

material is still where it was originally and it's
still relatively intact. |If that barrier was al so
trying to limt water flow through it, that

functionality nmay have been |ost rmnuch earlier than
the stability functionality and al so your type of
desi gn can be very inportant, too. So let's take the

infiltration exanple.
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And you have a source of something very
short-lived, you rmay be able to put a geonenbrane
down which can be very inperneable if installed
properly under the quality assurance procedures, very
effective for a short period of tine, essentially
limt infiltration to nothing for 30 years, 40 years,
50 years, whatever the case may be. O course, you
woul dn't want to put a geonenbrane down if you're
worried about trying to limt infiltration 1,000
years out. Alnobst categorically, it's not going to
| ast that |ong.

But anot her type of design, if your goal is
to limt infiltration 1,000 years down the road,

m ght be sonething |like the water bal ance type covers
t hat peopl e have been investigating that try to mmc
the natural systemand | think those could
potentially be very effective especially at the sem -
arid sites. At the hum d sites, there's just too
much water. Plants can't use it all --

MEMBER CLARKE: W are totally on the sane
page here. | think --

DR ESH Yeah, so | think like in the SRP
we tried to provide enough guidance that will allow
sonmebody to make a reasoned judgment as to the

validity or at |east the reasonabl eness of the
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projection of the barrier performance. And we
advocate nultiple lines of evidence to support them
and certainly if you' re going beyond the experience
base and you're going a |ot beyond the experience
base, then the anopunt of information you need to
support that projection is nmuch nore conprehensive
and stringent. You need a |ot nore support to
justify that you're going to be able to achieve that
obj ecti ve.

Monitoring and nmmintenance definitely
serves a role in barrier performance but al so
renenber in our regulatory construct for disposal, we
don't take the EPA approach. |If you have nonitoring
and mai nt enance and it continues for a | ong period of
time, great. But --

MEMBER CLARKE: | under st and.

DR. ESH But ultimately, you're trying to
make a deci sion now and you're investing the cost to
make a deci sion now, instead of continually deferring
your decision and not nmaking it based on new
information. You may also add that in which wll
hel p i nsure that you don't have some probl em down the
line, but ultimately our process is trying to make a
good deci si on now.

MEMBER CLARKE: | understand, David, but
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all I"'m pointing out is that if something happens,
nat ural processes work against what we're trying to
do, whether they be earthquakes or erosion or
environnment intrusion or whatever, | would submt
that it would be inportant that the applicant has
sort of that, they're telling themwhat they plan to
do if that happens.

DR. ESH: Well, our analysis approach is

you need to consider -- | nean, people like to | ook
locally and I even fall victimto that. 1'Il give
you an exanple. Wwen | drive to work, |I go over a

railroad track that has no bars that come down, it
just has lights. And | would just speed right over
it. | think, you know, |'ve been driving this route
for six years now. How many tinmes have | encountered
a train? Wuat's ny risk of needing to sl ow down at
this railroad crossing?

MEMBER CLARKE: This does not come as a
surprise to us, David.

DR. ESH Well, anyway, so one day |I'm
driving and |'m approaching the railroad tracks and
the lights are on and a train's gone through. And
I"mlike, you know, that's different. And the next
day, I'mdriving through and a train is going through

again, at the sane tinme. The sanme thing the next
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day. What happened is the Baltinore tunnel fire
resulted in a rerouting of the train systemthat was
sending nore trains on the track that | crossed. It
changed the system It was a very conplicated system
and I was | ooking locally. But whenever you anal yze
these barriers or project performance, you have to
think out of the box which engineers aren't usually
good at and scientists are too good at. But you have
to be sonewhere in between, | think

MEMBER CLARKE: Well, said, thank you

MEMBER WEINER: First of all, 1'd like to
thank all three speakers for really clarifying this
whol e issue. | thought all three of you did a
tremendous job. And Dave, | especially want to
commend you for your discussion of determnistic
versus probabilistic and conservative versus non-
conservative. This is a very real problem because we
tend to say, "Ch, ny goodness, it's too conservati ve,
it's not realistic, why are we doing this", but you
have clarified the NRC take on this and that was
real |y good.

| have questions for all of you. Your
st at enent about potable water, David, does that apply
across NRC regs? In other words, if you don't have

pot abl e water, you don't worry about anybody dri nki ng
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it?

DR ESH Well, | can think of a
decommi ssi oni ng exanple. In Tennessee, | think it
was maybe Kerr MGee (phonetic) where that was part
of the argunment for the dose assessnent is that water
was not |likely to be potable. The states may have
their own regul ations and certainly EPA, they protect
groundwater, | think, regardless of the potability.
But then also in the recent EIS process for the
urani um enrichrment facility in New Mexico, | think
part of the argument for that is that the groundwater
is likely not to be potable.

So --

MEMBER WEINER: Very likely not to be
potable. It's very saline.

DR. ESH Yeah, so | nean, it's not unique
to our problembut -- and it's kind of a commbn sense
thing. Wen we say risk inforned, that applies
across the board, so it applies to scenarios and
paraneters and nodels and all sorts of things, and
this would be a scenario type thing.

MEMBER VEI NER:  Chri stianne, you tal ked a
| ot about doses and renoval of radio-nuclides. To
what extent do you use the concept of collective dose

i n maki ng your regul atory deci sions?
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DR RIDGE: Well, | think in the SRP what

we outline is that we address the collective dose
because it is what is used in ALARA anal ysis and
basically the discussion in the SRP outlines sone
probl ens that would occur if that were to be used in
a -- in this type of analysis. So to answer your
question sinply, so far we haven't. W do not expect
to and the SRP discusses it basically in the context
of reasons that it would not be applicable to this
type of anal ysis.

MEMBER VEI NER. That's very hel pful. Do
you -- in looking at these determ nations, do you
ever bal ance of f work -- you nust bal ance of f worker
dose against public dose or against dose to a
potential intruder? |Is that some kind of tradeoff
that you do?

DR. RIDGE: Certainly worker dose is a very
i nportant consideration. And we fully expect and
have in the past considered the inpacts on worker
dose. Now, in the SRP we do say that we think that
a ratio of worker dose to public dose is very
probl emati c and that worker dose is an accepted risk
and public dose is not an accepted risk. And it
makes us very unconfortable with sinply presenting a

ratio; this much worker risk can be traded off
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agai nst this nmuch public risk. To our mnds, they're
very different things.

And so we certainly always consi der worker
dose and it's a very inportant consideration in the
anal ysis but yet, we are unconfortable and the SRP
provides a bit of discussion on this topic. W are

unconfortable with the sinple nmathematical ratio of

t he two.

MEMBER WEI NER: Wl |, | can understand
that. Are you considering any discussion -- and |'m
not -- | haven't read your guidance that well, ['1]
be perfectly frank about that, but are you

considering sone extended discussion of that
di chotony that you run into that you can decrease the
public dose by increasing the worker dose or vice
versa but worker dose is a -- the workers know what
-- know that they're taking a risk. |Is there a
di scussi on of that?

DR. RIDGE: The di scussion of the
di fference between the -- the discussion that | just
provi ded basically, that one is an accepted risk and
one isn't and that makes us unconfortable with the
sinple mathematic ratio, that discussion is in the
SRP.

MEMBER VEEI NER:  Yeah.
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DR. Rl DGE: | don't think that we

explicitly say that we woul d expect that worker dose
woul d increase if public dose decreases. |'m not
sure that that always would be true and so we don't
say that in the SRP but we do di scourage presentation
of this sinple tradeoff. There's a point at which
this nunmber of miIlirens to worker equals this nunber
of mllirens for public. W don't feel very
confortable with that.

DR ESH Renenber the worker doses al so
have a much higher limt. So |like of you | ook at the
past experience for a worker dose, it's based on
sonmebody trying to achieve that worker limt so the
result is necessarily going to be probably nmuch
hi gher than what you're trying to achieve for the
publ i c dose and the things that you can do to control
the worker dose in nmany cases are pretty
straightforward. You put in nore shielding or you
put in nore protective coverings and procedures, et
cetera to mnimze the worker doses. You could
probably take the worker doses much | ower than what
they are, but why do you need to if you're neeting
your limts.

So then if you take those nunbers and try

to conpare themto the public nunbers, it gets really
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sticky.

MEMBER WEI NER:  Yeah, | understand that.
| just wanted to expand on the discussion. And I
wanted to conplinment you on your statenent about
reasonabl e assurance. That's always a problem and |
really don't have any questions about it. So | just
wanted to thank all three of you.

CHAI RVAN RYAN: | apol ogi ze for being | ate.
| had a mssion -- a nmeeting with Conm ssioner Yatsco
(phonetic). He's the boss. | guess | conplinment you
on not using collective dose. In nost exanples it's
silly, except for that relative evaluation for ALARA,
do | do it by process A or B, and there is a netric
that's very helpful in the work circunstance. |
guess |'d challenge you to think about the fact that
public dose in its broadest sense is accepted.
Peopl e get nedical exposure. W accept background.
We accept radon up to certain levels and all of that
so it is accepted.

It's not accepted, not by everybody, but I
think it's alittle risky to say you' re conparing an
accepted risk to an unaccepted risk. That's way too
broad to be right over all schenes. So | would get
you back to where you were a few m nutes ago which is

let's evaluate it in the context of the determ nati on
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you're making whether it's a worker or a nenber of
the public based on the system the schene and the
process but | would be careful that | anguage doesn't
take you to that nore phil osophical place rather than
t he anal ytical place which is where you need to be.

DR, RIDGE: W always want to avoid the
phi | osophi cal pl ace.

CHAI RVAN RYAN:  Yeah.

DR. RIDGE: And | understand your point,
but | do need to coment that in the case of a
medi cal exposure, there is sonme benefit that the
public is expecting fromreceiving that dose and | --

CHAI RVAN RYAN: Radon, peopl e accept radon
all the time at much higher l|evels than they do from
other things. | knowit's voluntary, involuntary.

DR RIDGE: Yeah, there's the whole
vol untary/involuntary question and we probably don't
need to get into that but it does need to be brought
up.

CHAl RVAN RYAN: The comment is avoid it
all. Stick to your knitting and | think you can
avoi d what would really be a conplicated sorting out
process. You mght want to | ook at that |anguage
again and just touch on it.

And again, | apologize for comng in a
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little bit late, so | mssed sonme of the inportant
conversation you had earlier on, so I'll just stop
t here and not continue, thanks.

MEMBER HI NZE: Christianne, |'ma great
believer in cost benefit analysis. That has great
attributes. It also has problens and |I'm sure you're
wel |l aware of them And one of themis the problens
that conme from conparing apples and oranges and |I'm
wondering, you've also discussed or at |east
menti oned the uncertainty propagation that goes into
the benefits, perhaps not the cost.

But | wonder if the inportant thing to
enphasi ze here and maybe you have, is that once you
conpare technologies and renoval limts, et cetera,
within a site or wthin a problem rather than
conparing that with other sites because as one
conpares the cost benefit froma site to another
site, you're noving into another whole real mof
uncertainty space and | think that the enphasis here
shoul d be on the conparison anong the technol ogi es,
et cetera, within a site rather than between sites,
if you will.

DR RIDGE: | think that that -- actually,
| think that we are already in agreenent in that the

SRP does indicate that we woul d expect that the best
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conpari son would be to simlar activities and one of
the simlarities we noted was activities at the sane
site. And so we did nmention other environnental
cleanup activities which conceivably could bridge
sites, but we do actually nention in the SRP, | think
in a couple of places, that when nmking this
compari son, we want to | ook at simlar activities and
that one of those simlarities that should be given
weight is activities at the sane site.

MEMBER HI NZE: Yeah, | think your
uncertainties are going to be comon --

DR. RIDGE: Right.

MEMBER HI NZE: -- within the site. Dave,
in your presentation, | understand why we need or
shoul d provide flexibility in anal ysis procedures and
deterministic versus probabilistic. |'mjust
wondering what kind of guidance that is in the
docunment to make certain that people use the correct
formof analysis. There are tinmes when determnistic
anal ysis is not a very good approach, as you are well
aware and how are -- how is that guidance and
assurance that we're really headed in the right
di rection both DOE and your own review?

DR ESH: Yeah, | don't know if | can

assure we're headed in the right direction but in the
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SRP what we attenpted to do was clearly indicate our
preference and list the problens associated with
certain approaches. The determnistic analysis can
be very problematic in a situation where you have a
conplicated problem that you don't know nuch about
and you have a |lot of uncertainty because what ends
up happening is you try to nanage that uncertainty in
each part of your cal cul ati on by bei ng pessimstic or
what peopl e say i s conservati ve and when you add t hat
all up, the whole calculation can get pretty
pessim stic.

MEMBER HI NZE: Pretty nean.

DR. ESH Yeah. |If that approach, though,
that very pessimstic calculation gives you a result
whi ch achi eves that you're trying to achi eve, shows
conpliance with your limts, then as a regulator, |
don't have a problemwith it. | can be pretty
confident and argue that this is a correct decision
action and that people are going to be safe. As a
scientist, | don't like it at all because I"d like to
know what the answer is, where is reality but in
order to get to reality, you have to invest in the
under st andi ng whi ch costs noney.

People -- if there's a reason why people

want to get to that understanding, they'll invest the
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noney in it but usually the only reason they would
want to know the truth is if it can save thema | ot
of noney. So it's kind of a tradeoff. Qur approach
is generally, we start with a probabilistic analysis
where we really liberally apply uncertainties and try
to see exactly what can drive things in the problem
and then we'll refine it and add in nore conplexity
in the areas that we see driving it as needed and we
m ght cone to an understanding that well, the risks
aren't as high as we thought. It was driven by our
sinplistic representation of process A

But that process, | think, is iterative and
also all we can do is indicate the disadvantages of
certain approaches but we can't say you have to use
a certain analysis technique. For all -- you know,
sonmebody could -- they don't even have to use a
performance assessment to do one of these things.
They could do a hand calculation if they could
denonstrate it. There's no inpetus that they have to
do sonet hing conplicated but by the very nature, the
activities associated with them and the projections,
they are fairly conplicated and that kind of drives
towards the nore conplicated techniques, which
think you can get nore out of.

Maybe we're kidding ourselves and you



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

155

aren't |earning anything nore by the conplicated and
probabi listic uncertainty analysis than you are with
a determnistic but | tend to think we are because |
think it really helps focus. Wen we're faced with
a stack of documents this big, we want to know you
know, | have 100 hours to look at it, can | put 90 of
nmy hours on these two and 10 of themon the rest?

MEMBER HI NZE: You al so have the
opportunity to go back to DCE and request additional
i nformati on. Now, how binding is that or is that
just a request but they need not conmply with it? You
need to have sone of these iterative get-togethers.

DR ESH: It certainly isn't binding. W
can nake the request and they can supply the
information if they want to. GCenerally, they're very
accommodating and if they have it, they' Il supply the
information. But there's no requirenent that they
have to. But then | acking the information, we have
to make a decision. So if it's an inportant piece of
i nformati on and we don't get it, then we're probably
nore likely to make an unfavorabl e decision because
we don't have the information that we think is
i nportant to the deci sion.

MEMBER HI NZE: You have to build in greater

uncertainties.
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DR. ESH  Yes, yeah.

MEMBER HI NZE: Ckay, thank you.

CHAI RVAN RYAN: | think the one thing
that's really different for ne and | think |I heard,
Christianne, you nmention it alittle bit, is that if
you do the determ nistic versus any kind of a either
sensitivity study or probabilistic approach, you
really end up missing what | think is your inportant
point, is what's driving the system One of the real
key things that nmake the dose that I'minterested in
go up or down. So, you know, | think that to ne is
one of the key elenents is you really need to
understand, do | need to spend nore time on you know,
sequestering radio-nuclides in a matrix, do | need to
spend nore tine in water nanagenent? You know, where
do | need to spend ny tinme and ny noney?

So alittle investnent in studying the
system mght pay off and, you know, in what you
actually have to do to nmanage the system So to ne
that's a real focus and | believe that's reflected
property in the gui dance what you said today.

DR ESH. Yeah, if | was on the other side
of the fence and | was trying to solve or justify one
of these problens, | would very nmuch nake a strong

case that a small investnent in understanding can
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probably pay off big in cost in terns of reducing the
desi gn or reducing the anpbunt of waste you have to
renove or all those things that are very expensive to
do on these problens. So my opinion, though.

VI CE- CHAI RMAN CROFF: 1"l offer a few
comments, | guess, and you know, whenever you want to
respond, go ahead. First, concerning the use of
water, it came to ny attention, | think this is
correct, is there is not necessarily one neasure or
whet her water is potable. 1In other words, different
agenci es have different lists of you know, how ruch
salt or whatever has to be in it to nake it not
drinkable water. And in sone cases, | think some of
t hese groundwaters can be close. And what |'m saying
is, under one list it's potable, under another |ist,
it's not.

And | think a suggestion there is be nore
specific on how potability is measured. |n other
words, if you have an official list or however it's
done, | think that would be a good thing to do. |I'm
al ways sensitive to, you know, proposals, sort of
trying to gain the systema little bit, if you will,
and that's where I'"mconmng from Nearby
contam nation with the LTN, | think we're sort of

stuck with, you know, even if a tank has a residual
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100 curies and there's 10,000 curies around it, well,
the 100 still adds sonething whether -- by policy,
whether we like it or not. So that's there.

Where | think nearby contam nation i s going
to drive you nuts is in nmonitoring. |If there's a --
whether it be l|leaks from tanks or other disposa
sites nearby, if there's a conparable or a |ot nore
radi oactivity in it, you know, you're going to have
a lot of trouble in nmonitoring, trying to figure out
what is doing what, sort of unraveling the problem
if you will. And that's where | think it's really
going to cone to the forefront and be inportant.

DR. ESH. And that was nmy second point that
resulted in the | ongest pause in ACNW briefing
history, which was the inpact of the nearby
contanmi nation on your ability to nonitor. W would
expect on the nonitoring --

VI CE- CHAl RVAN CROFF: | nust have had a
seni or nonment. Ckay.

DR ESH Yes, I'mnot that senior, but |
guess it's maybe ny young children that are causing
this. In the nonitoring, we would expect that they
recogni ze that influence of their ability to see
what's happening with their system from this nearby

contam nation. And we understand it could be a
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problem On the other hand, we think that the
nmonitoring should be nuch nore focused on what Tim
Ni chol son from Research would tell you about are
performance indicator type things rather than
envi ronnental nonitoring.

The tinme that you' re seeing the problem
with the environnental nonitoring, you' ve already
created a significant problem that mght be hard to
renmedy. |If you use these performance indicator, such
as the noi sture content in the cap above the facility
or sonething like that, you stand a hi gher Iikelihood
of being able to take an action and a | ess costly
action to renedy the situation. So that -- | agree
with you, yes, it is an influence and we expect it to
be considered in the nonitoring.

VI CE- CHAI RVAN CROFF:  On the issue of
conservatism you correctly pointed out that you can
use a conservative and determ ni stic analysis to show
conpl i ance has been done for years. | nean, there's
no question about it. | begin to have concerns
about it when it's wused in the cost benefit
situation. You know, your analogy with the bridge,
I'"'m not sure that analogy flies with nme, because
safety factors in bridges, | think, you know may be

factors of a few at nost and sone of these
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conservatisns as you' ve nentioned, you know, DCE, |
think keeps -- in many cases, just keeps piling them
on because they know they can still neet whatever the
limt is. And the conservatismfactors there,

would hazard in many cases can be orders of

magni t ude.

And when you start factoring that in, you
know, doing this cost benefit kind of thing, | nean,
you know granted, you know, it gives you a

conservative answer there, too, but at sone point,
you know, you're driving the system to renove nore
and nore waste when they really don't need to and

t hose resources can be better used el sewhere. And
that's part of the risk informed business and it
gi ves me sonme concern there.

Then when you go to the nonitoring thing
and you've got this conservative perfornance
assessnment, and you get sone kind of a nonitoring
result and the two are just apples and oranges --

DR ESH.  Yeah, but --

VI CE- CHAI RVMAN CROFF:  So let nme stop there
and |l et you respond to any of that.

DR ESH. Yeah, | share -- | understand
your concerns. As | said earlier, fromthe

regul ator's perspective, we're trying to insure
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safety. As a taxpayer, | don't want sonebody
spendi ng i nordi nate anounts of noney on somet hi ng
that | don't think is an issue. And -- but as a
regulator, we're trying to insure safety and these
problens, if you have a bunch of things that are al

| inked together and there's data uncertainty and
nodel uncertainty and all sorts of different types of
uncertainty, if you have limted information, you
don't have a good handle on the total inpact of your
uncertainty. So if you're using sonething like a
best estimate determ nistic analysis, the Iikelihood
that you're wunderestimting the inpacts is much

hi gher than if you're using a conservative anal ysis
t o manage your uncertainties.

If you' re using the best estimte, you're
basically ignoring the inpact of your uncertainties
on the decision, which in these problens as you
stated, the inpact of the uncertainty can be |arge.
You know, on sonething like plutoniumsolubility, it
changes six orders of magnitude as you go from ph 12
to ph 9 or 8 or sonething like that, roughly
speaking. That difference in six orders of magnitude
can be the difference between flying way under your
conpliance |imt and being way over your conpliance

limt. And that range -- the range of ph val ues I
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cited are what you get in a cenentitious material as
you go froma fresh cenent to a very aged cenent. It
changes over that sort of range.

So if you don't have the infornmation to say
at what rate do we expect this ph to change and how
is it going to change over our analysis period, if
you just stick with your fresh val ue, you may be
making a very bad and unsafe decision. You can
i nvest the resources into defending howthat's going

to change and constraining it, and then your

conpliance risk is much -- is probably nmuch cl oser to
the true risk. But the down side -- | nmean, this is
like -- this is very anal ogous to | think our | egal

system You don't want to put an innocent nan in
jail. You err on the side of letting guilty people
out .

This is the same situation. You don't want
to not protect people; you want to err on the side of
over-protecting them If it gets to the point of
bei ng ridiculous, | nmean, that's what you worry about
but | don't think that's what's happening in these
problens. It's a matter of what you know and what
you don't know. And I think we work in it nuch nore
closely. W understand how far fromreality we,

meani ng the technical analysts, believe the results
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probably are fromwhat the conpliance calculation is
and in many cases, | don't think they're inordinately
out of line. They may be couched as conservati ve,
but I think we tend to over-estinmate what we know and
if you just | ook at exanples of -- in many of these
cap systens, these RICRA type caps that they put in
all over, where they've got around to anal yzing them
in detail, they find many tines that the resistive
| ayer, the hydraulic conductivity of the resistive

| ayer, shortly after putting the systemin place, is
al ways a magni tude hi gher than what they thought it
woul d be. And it's because they didn't plan for the
conpl exity especially of |like a dessication process
t hat causes cracking of it in the near surface.

| mean, it's like that type of thing that
can change things a lot. You have to factor into the
analysis. If you can't analyze it, you have to be
conservative to insure protecting people. So I nean
| --

VI CE- CHAl RMAN CROFF: Let nme get back in
here a little bit. | understand but again, where |I'm
coming from is let's postulate. You know, you
received a conservative analysis. It shows that you
conply with whatever the limt is. | don't know, the

limt is 25 and the conservative analysis says 10.
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kay, you've conplied. So you've already assured
safety here. | nean, you' ve determ ned conpliance
with a conservative anal ysi s. Now, the issue is how
much further, if any, do you go.

DR. FLANDERS: Can | insert just for a
nmonent? | think, Allen, | think I understand your
question. | think one of the things we -- ny nane is
Scott Flanders, NRC staff. | understand your
question but | think one of the things you need to
keep in mind is the cost benefit analysis is one
piece of the information that we use to assess
whet her or not you renove radio-nuclides to the
extent practical. And if you end up in a situation
where you' ve denonstrated conpliance, then it puts a
pretty high threshold on the need to further renove
radi o-nuclides. And that's part of the reason why we
don't necessarily establish a fixed dollar, $2,000.00
per -- is because it's a piece of the information
that we take into consideration in terns of naking a
deci si on whether or not we believe they renoved to
the extent practical.

The word "to the extent practical", allows
you the flexibility to consider other things |ike
cost, and consider other things |ike dose and the

fact that you' ve net the perfornmance objectives. So
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| caution that | don't want the thought to be that
the staff | ooks at the cost benefit analysis and if
it shows that even if you' ve already satisfied the

performance objectives, that you know, you need to

spend mllions of dollars to reduce the -- you know,
renove a few nmore mllirem when there's so nuch
uncertainty in renmoving a few nore millirem It's

part of the information that we consider in terns of
| ooking at renpoving to the extent practical.

And we recognize, | think, the point that
| think Dave and Christianne are maki ng, we recogni ze
and we understand what you're doing in determnistic
anal ysis and the uncertainty and the conservatism
that goes into that analysis, how that influences
what you see in terns of your dose estimte and
that's factored into |ooking at your cost benefit
anal ysis and factor that into your decision making on
whet her or not you renpve to the extent practical.

So | nean, I'mnot sure -- | think your
guestion goes to the cost benefit analysis being --
you know a way | ooked at in isolation in terms of
ot her considerations in terns of renove to the extent
practical .

DR ESH: | nmean, | would look at it this

way; if you do a conservative anal ysis and that over-
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estimates your inpacts, you don't know that it's
conservative first of all. [It's your professional
guesstinmate that it's an over-estimte but besides
that, you generate a result that is higher than what
you expect realty to be. Then you decide, okay,
based on that, | need to spend X anmount of noney to
reduce it. Well, if you had the information to
reduce your estimate, get constraining information
that allows you to not be so conservative, that
allows you to not spend the nobney to renove the
source. You can either spend your resources on
devel opi ng the basis and constraint of your anal ysis,
or you can spend your resources on renoving the
source, but either one are tied to what you know and
what you don't know.

If you are using a best estinmate and
there's a lot of uncertainty, you' re running the risk
that you're doing sonething that's not protective,
and | think in that situation you have to err on the
side of being protective. That's -- the whole -- |
nmean, | don't want to get into it, but the whole --
the way that we nmanage radiological risk in all of
our systens is set up that way.

VI CE- CHAI RVAN CROFF: | agree up to a

point. You know and it's a matter of degree, you
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know, and go back to the bridge anal ogy. You know,
maybe the bridge has a safety factor of two or three,
but performance assessnent has a safety factor of 100
or | think we're getting into a different part of
space.

DR. ESH. But if the performance assessnent
results can range from 10,000 times unacceptable to
10,000 tines acceptable, you have to look at it on a
normal i zed scale. |If you're 100 tinmes over on an
ei ght order of magnitude scale, that's not so bad.

VI CE- CHAI RVMAN CROFF: | agree with you and
that's the kind of information 1'd like to see it
based on. You know, you've got the top, you' ve got
the bottom and sonething in the nmiddle. That's the
i dea. I think we may be headed in that direction
anyway. We were talking a little bit yesterday, the
recent Hanford Performance Assessnment that | just
sort of skimed through is a best estinate
deterministic. And we'll see what they use it for,
but it's for the single shell tanks, so we've got to
figure sooner or |later we nay be seeing it.

Let ne try to nove onto some other things.
On radi o-nuclide renoval, | guess ny -- you know, ny
thinking is to focus on whether it's worthwhile to

renove the next gallon of waste and not so rmuch



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

168

whet her renoval is conplete, whatever that neans.
I"'m not sure focusing on the conpl eteness | eads you
to anything very useful and for some of these, |'m
not sure that they' re even useful neasures or
nmeani ngf ul neasures. So it seens to ne --

DR RIDGE: It mght be nore helpful if you
could be nore specific about which other neasures
aren't neani ngful .

VI CE- CHAl RMAN CROFF:  Effici ency, because,
| nean, |'s assunming by efficiency, you know, it

woul d be a nunber |ike 99 percent.

DR RIDGE: | think |I can speak to that for
-- | mean, not specific, | understand you're making
a broader point, but | can speak to that specific

poi nt for a nonment, about efficiency and | think that
it mght be clarified by giving a couple exanpl es of
how we have used it.

One is in the salt waste determ nation for
Savannah River. One of the things we were | ooking at
was t he expected radi o-nuclide renoval of the various
processes that we're using, one was the interim
processes versus the final salt waste processing
facility. So the final salt waste processing
facility was going to get out five percent of the

technetium So | was thinking of that as -- you
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know, perhaps we shoul d have defined it alittle nore
specifically, but that's a treatnent efficiency, five
percent of the technetium

Now, we woul d want to conpare that to ot her
technol ogi es that naybe could renpve 20 percent of
the technetium that went through the cheni cal
treatment process. And maybe there are, nmaybe there
aren't, technetium can be a very difficult thing to
renove. Are there other technol ogies that are being
used at other sites that have renoved a greater or
| esser fraction of the technetiun? That would be one
way that we'd use a treatnment efficiency. Now, |
think if | wunderstand your question correctly, you
were envisioning efficiency nore in terns of vol une
and - -

VI CE- CHAI RMAN CROFF:  No, not necessarily.

DR. RIDGE: kay.

VI CE- CHAI RMAN CROFF: Let ne go to first
your exanple of --

DR RIDGE: | do think that that efficiency
was useful to us in that context. |'mnot sure |
understand why it would be not useful.

VI CE- CHAI RVMAN CROFF: | agree that the
ef ficiency as defined as sonething |i ke a percentage,

can be useful in conmparing processes. That's a very
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common use. But in determ ning when radio-nuclide

renoval is conpleted or is gone far enough, the
difficulty you, you know, run intois if you say, you
know, we can say it renoved you know, 90 percent from
the material froma tank, well, if they started with
10,000 gallons at the bottom of a mllion gallon
tank, that's probably pretty good. |If the tank was
nearly conpletely full, it's probably not so good.

And the problemis, you know, your starting
point is variable. And so the efficiency ceases to
have meaning. You know, what's really neaningful is
how many curies do you | eave in the tank and how many
curies are in the saltstone? That's the paraneter
that's really inportant and sort of how you get there
and all these other neasures isn't so inportant.

DR RIDGE: | conpletely agree with you
about the arbitrariness of -- the potenti al
arbitrariness of the starting point and | think that
that's one of the reasons that in the SRP we did ask
the reviewer to ook -- to nake sure they understood
i f any percentages are presented by DOE, which in the
past they have been. DCE has given us nunbers that
indicate we've renoved 99.9 percent of the
radi oactivity due to this radio-nuclide, 90 percent

of the radioactivity due to this other radio-nuclide
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and DOE has presented those types of nunbers in the
past. And | think that this arbitrariness of the
starting point is exactly why in the SRP we encour age
the reviewer to nake sure they understand what the
starting point was for that nunber, so that the
understand was this 99.9 percent based on the all
time high volune in the waste, was it based on
treatnents after bul k renoval

And there is a certain degree of
arbitrariness. | think that it's inmportant that the
revi ewer understand the starting point and | think
you rmake a very good point that the nmatric m ght be
nore useful to conpare processes. And naybe we need
to put a finer point on that but certainly we haven't
said once they renove 99 percent, they're done.

VI CE- CHAl RMAN CROFF: | understand. And
all I"'msaying is |I'd expend your resources on the --
you know, what's left and what's going to be di sposed
on site not what's renpoved and they're going to go
into a glass log. Let nme nove on to programatic and
schedul i ng packs and sort of el aborate a concern
t here.

And that is on the programmatic inpacts,
and you've cited the Savannah River tank capacity

exanple, which is, | would say a classic case here,
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what | discovered through hard experience is the --
at the DOE sites, the waste managenent systens are
incredibly intricate, conplex and huge. And it's
very difficult to validate a claim that there's a
programmatic inmpact. You know, the Savannah River
tank capacity thing, if you try to track it all down
and figure out, is there really a tank capacity
crisis or is there not, and try to track down all the
techni cal things of what they mght be able to do to
free up tank space and then whether they're really
practical or not, you get -- | nean, it's an
incredible amunt of work and | say that from
personal real experience, and you know, very often
you can't get to a definitive answer to figure out
is this claimreally valid or not. And that |eaves
you in a very difficult position, | think using
programmatic things and schedules sort of -- it's
very easy, you know, for a mlestone to be created
her e.

| nean, mlestones can be created and
uncreated at wll and provisions in conpliance
agreenents for that matter. So what |'m saying there
is, | mean, you know, there can be practical
i mplications there but on the other hand, it -- you

know, there's ways that can be used and | think in th
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SRP cautions need to be in there about sort of, you
know, how nuch weight can you give to these, and
val i dation of thenf? That's the thought process

t here.

On the cost benefit thing, in netrics
there, you know, Mke talked a little bit about
coll ective dose and the limtations in that. And, of
course, this Cormittee is on record in saying
coll ective dose isn't such a good thing to use as it
was done traditionally for this kind of thing which
is, you know, the integral overall space of mcro-
doses is what I'mreferring to.

But then that |eaves the question okay,
what ki nd of nmeasures and netrics do you use? In sone
of the waste determ nations |'ve seen DOE seens to
approach it nore on a you know, "GCee, the punping
efficiency went down a lot, we're not getting very
much out and it will cost a lot nore", kind of a
thing. And then in the nost recent Savannah River
waste determ nation, there were these netrics |ike
dollars for 50 years of dose averted to the public
receptor and a simlar thing for workers.

And first, |'ve never seen a netric |ike
that before so it was sort of novel, and |I'mnot sure

whet her it has any real conceptual validity or not.
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And secondly, even if it has conceptual validity, you

know, there were nunbers like, |'mrenenbering
nunbers |ike the magnitude of |ike $10 mllion per
mlliremaverted, on that order, and I'msort of, you

know, asking nyself is that too high or too |ow? |
mean, what am| neasuring it against. And --

DR RIDGE: | think the answer we woul d
provi de, the answer that we tried to provide in the
SRP and that |'ve apparently unsuccessfully tried to
provide in nmy slides was that we would try to conpare
that to other simlar activities that DOE is
per f or m ng.

VI CE- CHAI RMAN CROFF: G ve nme a coupl e of
for instances on the simlar activity.

DR. RIDGE: For instance, renoval of
simlar waste fromtanks at the same site. |f DOE
wanted to nove into this phase, | could inmgine
| ooking at dollars per public mlliremaverted for
anot her environnmental cleanup, maybe a spill at the
same site. | think we wanted to keep it sonmehow
simlar and so we envisioned that naybe you woul d
conpare one weird determination to another but it's
difficult. W don't --

VI CE- CHAI RMAN CROFF: | realize this is a

very tough issue and I'mnot sure | have an answer to
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it, but the relative conparison, | don't think quite
is going to make it because for a couple of reasons.
First, if the next one was say, you know, they go
ahead and they grout these tanks and it was 10
mllion per mllirem They go to the next one and
its 50 mllion per mlliremor sonmething, well, maybe
you shoul d have done sonething to the first tank but
you' ve already gone by it and secondly, these may al
be too high or too I|ow conpared to other
opportunities to use the researchers.

DR, RIDGE: | think sonething that gives us
a benchmark as to whether or not we're out of the
ball park is that they do have to neet the
per f ormance obj ectives. So whether or not -- | doubt
they would all be much to lowin the sense that
really they should be spending 10 bucks per mllirem
because | think if they did that, they wouldn't be
neeting the performance objectives. So in that
sense, that does help to tie us into reality but |
certainly appreciate that there is an unsatisfying
aspect to only conmparing it to other DCE activities.
Unfortunately, we also didn't think it was reasonabl e
to conpare DCE activities to for instance the ALARA
anal ysis we do for our licensees. That seened to us

to be a bit apples and oranges. So | certainly
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appreci ate your point.

VI CE- CHAI RMAN  CROFF:  Fundanental |y, |
t hi nk you have to assure that the conceptual validity
of the neasure they propose and I'mnot -- you know,
I mean, on one hand we say collective dose has a
problem but it includes the population, but this
measure doesn't include the nunber of individuals
exposed. M ke wants to intervene.

CHAI RVAN RYAN: | guess I'mstruggling with
Allen's viewof it alittle bit. | mean, in one hand
| agree and hear what he's saying, but | think to nme
it's better to get back close to what is inportant to
risk. Are you effecting release rates or not? Are
you effecting confinement or not? Does your system
add contai nnent or not? Those are the kind of
relative neasures where | think you have a nmuch
better handl e of evaluating A versus B. Please stay
away fromcollective dose as you say you're going to.
It's a nmeasure fraught with terrible uncertainty in
and of itself. Al those dose conversion factors are
all conservative, sonetinmes by many orders of
magnitude and that's ignored when we do dose
cal cul ations nost of the tine.

So you're conmpounding, if you use a dose

nmetric, another set of conservatisns that you don't
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even account for in nost cases. So ny view of it
woul d be get back to the things that you | ooked at
that are risk significant and try and get your
nmeasure of relative value, you know, for doing
something closer to those activities out to the
receptor. You know, ny version of it for students
is, "Well, do you want to drive the bus sitting in
the front seat |ooking out the front wi ndow or do you
want to put it in reverse and sit on the steering
wheel and try and steer it"?

You know, it's nmuch better to be in the

front seat, so get close to the work, get close to

the radioactive material and you'll have a better
way, | think, to nake those kind of evaluations
rat her than the back end. And again, it's all in the

context of what Christianne said, that if you are
denonstrating conpliance, that's done. Now let's see
if we can optimze at the source or at -- you know,
that kind of thing. So does that nake sense to you?
You folks, all three of you or --

DR ESH | think it does to nme. | nean,
the problemis, if you' re operating in an overal
construct that has sonme degree of silliness to it,
how much do you refine sonme part within it?

CHAI RVAN RYAN:. Yeah, exactly, well said.
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DR. ESH: | nean, that's the problemyou're
dealing with. | nean --

CHAI RVAN RYAN: That nmade up for the pause,
by the way.

VI CE- CHAI RMAN CROFF: | think with this,
we're at the closure tinme, so |I'mgoing to shut up
and turn it back to you.

CHAI RVAN RYAN: Well, no, | appreciate the
di scussion but it's always good to hear --

VI CE- CHAI RVAN CROFF:  Well, no, we're at
12:30. | mean, | could yak on forever but --

CHAI RVAN RYAN: That was clear. Again,
thank you all for your tine this norning and for your
insight. You' ve got a tough job that you've done
really a very professional and wel |l prepared docunent
and, you know, our part now is to nmaybe offer sone
m nor things that mght help make it even a little
bit better. You ve all done a really wonderful job
and thanks for letting us participate with you.

Wth that, hearing no other further
business we'll adjourn for lunch and reconvene at
1:30. Thank you.

(Wher eupon at 12:31 p.m a luncheon recess
was taken until 1:29 p.m)

CHAl RMAN RYAN: Good afternoon, folks. |
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we coul d cone to order, please.

W have two briefing schedules this
afternoon on dry cask storage probabilistic risk
assessnents, first fromRES and NVSS, and second from
the Electric Power Research Institute. W'IlIl have
both briefings separated by a short break.

So without further ado, | wll turn this
over to our cognizant menber for this session, Dr.
Ruth Weiner. Dr. Winer?

MEMBER WEI NER: Thanks, M. Chairman. CQur
first presentation will be from Ronal do Jenkins, who
is Branch Chief for PRA Support Branch for the
Di vi si on of Special Projects and PRAin the Ofice of
Research. And he is joined by Gordon Bjorkman, who
is Section Chief of Structural and Material Technical
Revi ew Group and SFPO.

So wi thout further ado, gentlenen, it's all
yours.

MR. HACKETT: Actually, Dr. Winer, if |
could chime in. This is Ed Hackett fromthe Spent
Fuel Project Ofice. | had a few opening remarks,
and then we'll turn it over to the staff.

MEMBER VEI NER: Pl ease.

MR. HACKETT: Dr. Weiner, Chairman, thank

you.
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Good afternoon. As | said, ny nane is Ed
Hackett. |'m Deputy Director for Technical Review in
the Spent Fuel Project Ofice. Just a few opening
remarks relative to context and key nessages that
"Il go into here just very briefly.

But even before that, 1'd |ike to express
our thanks fromthe Spent Fuel Ofice to the Ofice
of Research, nmany of whose representatives are
arrayed around nme here to the right. And it's been
a long effort for them and for us working
col | aboratively, so we appreciate that.

W also appreciate prior comunications
here just recently fromthe conmttee with regard to
some of your questions, so we have the benefit of

those in advance. W appreciate that. The staff

will endeavor to answer your questions during the
course of the presentation, and, if not, |'m sure
you'll let us know.

If | could have the next slide.

This effort was really initiated to help
SFPO develop an initial look at risk-informng our
regul atory approach for spent fuel storage. As you
are aware, the framework in this area has
hi storically been | argel y determnistic and

prescriptive. As | just nentioned, the Ofice of
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Research has had the lead for this effort, but we
have worked very closely, sort of hand in hand, on
this effort for quite sone tine.

The focus is an inportant thing to bring
across here in the way of context and opening
remarks. The focus has been on devel opnment of the
nmet hodol ogy, and you'll see in here, and |'ve al ready
reviewed, the limted pilot application, the limted
scope pilot application that you see there.

Go to the next slide.

And the reason for the inportance of that
context, | think it's obvious that these PRA nunbers
are very low. | think that's in common between the
study that the staff did and al so fromwhat |'ve seen
of the EPRI study. However, that was not the focus
of the study. The nunbers cone out small. | don't
consi der that nyself to be a surprise.

| come fromthe reactor side of the house
here, just recently to SFPO and, of course, dry
casks are decidedly not PWRs or BWRs, so you would
expect a lower risk, and, in fact, a significantly
|l ower risk. And that's, in fact, what we see.

The dry storage systens for spent nuclear
fuel are also passive, obviously. They have

significant margins on the structural integrity that
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have basically been designed in, and they are
extensively analyzed and tested, so -- also, there
are significant inspection and oversight efforts that
we do here at the NRC that you're aware of that
provi de for continued naintenance of these margins.

So the bottomline there is that there are
a lot of reasons these nunbers would be | ow, but
that's al so not the focus. The focus was really kind
of where you get into in the second bullet here is
| ooking at, you know, where are we getting to in
terns of what's risk-dom nant or what are risk-
dom nant contributors to this study. And Gordon and
Ronal do will go through that in detail.

But one exanple you'll see is, again, not
surprising that the risk is dom nated by handling
sequences. And there will be sone discussion of
t hat .

So that said, you know, we're here to
present you with significant findings and concl usi ons
and present an overall discussion, and try and answer
your questions to the best of our ability.

Wth that, I'Il turn it over to Ronal do.
Thank you.

MR. JENKINS: Good afternoon. M nane is

Ronal do Jenkins, and |I'm Chief of the PRA Support
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Branch in the Ofice of Nucl ear Regul atory Research.
I'"'m joined by Dr. Gordon Bjorknman, Chief of the
Structural and Materials Section of the Techni cal
Review Directorate in the Spent Fuel Project Ofice
within the Ofice of Nuclear Material Safety and
Saf eguar ds, NMSS.

| would also like to thank the conmttee
for taking the tine to hear this presentation.

Just to review the topics we wll discuss
today, | will cover the goals of the dry cask storage
system PRA and an overview of the PRA nethodol ogy.
Then, Dr. Bjorkman will provide a detail ed di scussion
of the success criteria for this system He wll
di scuss the staff's analysis of the response of the
mul ti - purpose canister or MPC to these stresses and
fuel failure. Dr. Bjorkman and | will then concl ude
by summari zing the report findings and highlighting
its concl usions.

When the O fice of Research began this
project, it was first intended to be a scopi ng study.
As the staff exam ned the issues involved, the scope
of the report changed and becanme nore detailed to
provi de better understandi ng of the dry cask storage
system operation and failure nodes. The primary

focus of the report was to provide guidance for
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future PRA studies such that we can encourage ri sk-
informed activities in this area.

Just to review what we nmean by "risk, risk
equal s frequency tinmes consequences.” Risk in this
report is defined in terns of the probability of
| at ent cancer fatalities per person per year.

The dry cask storage system operation is
di vided into three phases -- handling, transfer, and
storage. As the equation on this |ine indicates, we
exam ne and determ ne the risks associated with these
three phases, and then add them together to obtain
the total risk

Just a brief discussion on the cask system
itself. The Holtec Hi -STORM 100 dry cask storage
system consi sts of a nulti-purpose canister or MPC
that confines the fuel, a transfer overpack which
shields workers fromradiation while the cask is
bei ng prepared for storage, and a storage overpack
that shields people fromradiation and protects the
MPC during storage.

When the transfer overpack contains the
MPC, the wunit is referred to as a transfer cask.
When the storage overpack contains the MPC, the unit
is referred to as a storage cask.

The dry cask storage system operation, as
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| said, is divided into those three phases. During
the handling phase, the transfer cask is |lowered to
the bottom of the cask pit next to the spent fuel
pool. Then, the spent fuel assenblies are |oaded
into the MPC. The MPC is then prepared for storage
and lowered fromthe transfer cask to the storage
cask.

The transfer phase begi ns when the storage
cask with the MPC inside is noved through an airl ock
outsi de the secondary containnment building. Then
the transfer phase ends when the storage cask is
noved to its location on the storage pad of the
i ndependent storage -- independent spent fuel storage
installation or ISFSI. Lastly, the storage cask
begins its phase of storage for the bal ance of the
20-year licensing period.

In order to facilitate the risk analysis,
the dry cask storage operation was divided in 34
di stinct stages. These stages were devel oped in part
due to the detailed analysis that the staff took to
-- when they exanined the overall process.

Thi s conposite sketch shows the novenent of
the transfer cask and storage cask through the
secondary contai nment building, out the equipnent

hatch, tothe ISFSI. A risk assessnent will eval uate
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how the applicable initiating events affect MPC
during each stage of operation.

Just so that we are clear on ternms, in
terms of this report, initiating events are those
events that nmay lead to a release of radioactive
material to the environnent.

As we have di scussed before, the initiating
events were identified using NUREG 2300, PRA
Procedures Guide, and from design operational data
for the specific cask and the plant being studied.
Informati on on the design of the cask system was
obtai ned from|licensing docunents.

Anal ysts visit the plant to observe the
operation and equi pnent used during the handling,
transfer, and storage phase. Witten descriptions of
t he procedures were obtained and studi ed, and
addi tional details were provided through a di scussion
wi th plant personnel.

The total list of initiating events were
reviewed by the NRC staff who had reviewed and
licensed this particular dry cask storage system
Thi s revi ew drew upon the extensive know edge and t he
di verse perspectives that the staff had on the
system Based on these reviews and the process used

to develop these events, the staff constructed a
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conplete list of all initiating events that would
concei vably affect the cask system

What you see on the slide is the final Iist
of initiating events for the handling and transfer
phase which were not screened out by other
engi neering anal ysi s.

This line lists those initiating events
relevant during the storage phase. Here we're
concerned with external phenonmena such as seismc
events, strikes from aircraft, or thermal |y
overl oadi ng the MPC due to vent bl ockage or fire. W
are excluding tsunam s and volcanic activities as
initiating events, because they are not applicable to
the site.

O her events such as lightning, flooding,
and shockwaves frompi pelines, commercial trucks, and
rail cars were screened out by engi neering anal ysis.

G ven that the applicable initiating events
create nechani cal and thermal chall enges that could
lead to failure, the PRA nust now assess whether the
barriers -- in this case, the fuel plan and the MPC
cask system -- will be successful in performng its
cont ai nnment functi on.

In addition, for the subject plant, a

rel ease of radioactive material will actuate the
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contai nment isolation function. Therefore, the PRA
nmust consider the reliability of those systens to
i sol ate that rel ease.

As shown in this event tree, we see that
the applicable initiating event and the success
criteria conbine to determ ne whether or not you
arrive at a particular end state, whether you have a
rel ease or no rel ease. The evaluation of the rel ease
end state, or consequence analysis, provide us with
t he consequence portion of the risk equation.

In order to assess the radiologica
consequences, the staff wused the MELCOR acci dent
consequence code system Release fractions were
esti mated, and the source terns were devel oped based
on input from Sandia National Laboratory.

As shown, the nodel used input from
radi onucl i de inventory, source term neteorologica
data, popul ati on data, and emergency response to make
t hese cal cul ations. Estinmated consequences in terns
of latent cancer fatality probability for an
i ndi vi dual was 3.6 tinmes 10"

Going back to our risk equation, we
sumari zed the risk in each of the three phases --
handling, transfer, and storage -- to provide an

estimate of the annual risk to an individual. W
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estimate 2.0 times 10 ** for the first vyear of
operation, which includes the three phases. W
estimate 1.9 times 10* per year for the remaining
years of operation, which only involves the storage
phase.

At this tine, 1'd like to turn the
presentation over to Dr. Bjorkman, who w Il discuss
specifically the staff's analysis of the mechani cal
and thermal |oads on MPC and fuel.

DR. BJORKMAN. Well, thank you. Could I
have the first slide?

Thank you. In terns of success criteria,
what 1'd like to talk about and highlight are
basically the H -STORM 100 system |'d like to
summari ze the events that could |l ead to containnment
or confinenment boundary failure -- that is, MPC
breach -- or fuel failure.

I'"'m going to concentrate on the high
probability of failure events. |I'mgoing to talk a
little bit about the analysis nodels, failure
criteria, failure nodes. And when I'mfinished with
that | would also like to talk about the release
fracti ons net hodol ogy that was devel oped.

Next .

Going to the Hi -STORM 100, as Ronal do has
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al ready nmentioned, there are three conponents -- the
mul ti - purpose canister, which is the confinenment
boundary for the fuel; the transfer overpack shiel ds
the MPC and workers during transfer operations; and

the storage overpack, which shields the MPC during

st or age.

Next, please. Thank you.

Just to give you an i dea of what these | ook
li ke, the transfer overpack -- these are pretty mnuch

to scale. The interior volune is occupied by the
MPC, and those are approximately the sane. The
transfer overpack consists of an exterior one-inch
thick plate, an interior three-quarter inch steel
plate, and four and a half inches of |ead shi el ding.
And it's surrounded by a water jacket for a neutron
shi el d.

The storage overpack is -- has a stee
shell about three-quarters of an inch thick, an
interior shell of approxinmately one and a quarter
inches thick, and a concrete -- filled in wth
concrete that is about two feet thick. It also
contains a concrete shield lid, as well as two two-
inch thick plates that cover the top of the storage
over pack.

Next, please.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

191

The nulti-purpose canister -- the multi-
purpose canister is basically nade up of three

conmponents. There is the shield Iid, the structura

shield lid, which is a nine-inch thick stainless
steel lid; an inch and a half -- or, excuse ne, a
hal f-inch thick steel shell; and a two and a hal f

i nch thick basepl ate.

Wth respect to the seals that occur at the
junction of the lid and the shell -- of course, we
have to have a double seal there, and that is formed
by the exterior shell. And the lid -- there's a
structural weld at this location. The welds that
prevent | eakage through the event and drain ports are
her e.

These two welds, in this group of welds,
provides the first seal. The second seal is provided
by an annular plate, which is then welded to the
shell and welded to the lid. And that provides the
second confinenent boundary seal. So it's a double
cont ai nnent or doubl e confinenent as required.

The | ower region there is a full
penetration weld that connects the shell to the
baseplate. That is right down here at this |ocation.
This will be a very, very inportant -- of interest.

This will be a -- really, a region of focus down here
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in ternms of MPC potential breach and failure.

Next slide, please.

Rel ease of the radionuclides -- well,
radi onucl i des are rel eased fromthe environnment if --
first, we have cladding failure or CRUD spallation
and the MPC confinenment boundary breaches.

Okay. Next.

Now, the Table 19 in the report sumari zes
the various stages. W have summari zed themri ght
here. W have 34 stages. W talk about initiating
events or frequencies, and these range in these
orders of magnitude for all of the 34 events.

We then have the conditional probability
rel ease fromthe MPC or froma fuel rod, and these
range typically fromzero all the way up to about 28
percent conditional probability failure.

W then have the probability of secondary
containnent failure, the consequence, and risk
nunbers, and these are the ranges. What | am goi ng
to tal k about specifically is this colum. Virtually
nmy entire presentation will be dealing with this
colum -- conditional probability of release fromthe
mul ti - purpose canister or fromfuel rods.

VMEMBER VEI NER:  Excuse ne?

DR, BJORKMNAN: Yes.
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MEMBER WEI NER.  Gordon, can we go back to

that slide a nonent? What are the units of
consequence that you have?

DR. BJORKMAN. Cancer fatalities per year,
| believe?

MEMBER VEI NER:  Consequence?

DR. BJORKMAN:  No. [|'mnot sure.

MR, JENKINS: [It's the probability of
| atent cancer fatalities.

MEMBER VEI NER: | thought that was the
units of risk.

MR. JENKINS: It's frequency tines the
consequence.

MEMBER VEI NER: Ch, okay. Thank you. So
t he consequence there are | atent cancer fatalities,
is that correct?

MR. JENKINS: Right, probability.

MEMBER VEI NER: Probability. Thank you
Ckay. Sorry.

DR BJORKMAN: No, that's fine.

MEMBER VEEI NER: Pl ease conti nue.

DR. BJORKMAN: Ckay. So what | will be
tal king about is that second colum -- conditiona
probability of release from the MPC or fuel rods.

kay. Event categories -- there are two event
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categories that could produce fuel failure or MPC
breach -- thermal events and nechani cal |oad events.

Under thermal events, to evaluate the
thermal events, a conputational fluid dynam cs nodel
of the MPC and t he storage overpack were devel oped to
do the thermal evaluations. This is the storage
overpack. A detailed thermal anal ysis nodel was
constructed, a conputational fluid dynam cs nodel
usi ng fluid.

kay. And this nodel was used to eval uate
two particular thermal events -- that is, aircraft
fuel fire, so the entire fuel |load fromthe
Qul fstreamlIV aircraft, which is the | argest aircraft
that could land near the -- this particular site.
The entire fuel |oad was then discharged and burned
for three-hour duration.

We know that this is quite a conservative
duration. W know that in aircraft failures or
aircraft crashes that we have a large fireball rmuch
of the fuel is burned up in the first few seconds or
few mnutes. Al of this -- all of this fuel was
al so pool ed around the storage overpack. W know
that that's a very unlikely event as well. So it's
quite a conservative analysis that was done here.

MR. HACKETT: CGordon, could I interrupt for
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just a second?

DR. BJORKMAN:  Yes.

MR. HACKETT: This is Ed Hackett agai n.
shoul d have nmentioned at the begi nning as a caveat to
this, and it's maybe obvious to a lot of folks, but
what Gordon is tal king about here fromthe aircraft
perspective is an accidental crash. This study
specifically excluded accident, sabot age, and
terrorismrelated to those factors.

MEMBER WVEI NER.  Thank you. Your report
makes that very clear

DR. BJORKMAN:. Ckay. Very good point.
Thank you, Ed.

And, again, these are from accidental
crashes of aircraft.

Bl ocked vents was anot her event that coul d

take place. Blocked vent -- duration for the bl ocked
vents, the vents cool -- convection cooling of the
MPC shell is done through air circulation if these

vents are bl ocked. The tenperature of the MPC coul d
go up, and the tenperature of the fuel could go up as
wel | .

A 20-year duration for this was assuned,
al though steady-state tenperature are actually

reached in |l ess than 30 days. Also, it would be very
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difficult for this to occur, because inspections are
done -- several inspections are done yearly to
particularly |ook at whether or not the vents are
actual Iy bl ocked.

But the 20-year duration was assuned,
because as |'m going to tal k about one of the other
failure criteria, which is a structural failure
criteria, is creep rupture, and we try to prolong the
duration of this fire, so we can get as much duration
to see if we could get creep rupture.

kay. Next slide, please.

Now, results of the thermal events with
respect to fuel cladding failure. These are the two
events -- the Gulfstreaml|V fuel fire and the bl ocked
vent. The maxi num cl addi ng tenperatures in degrees
Cel sius are shown here, and the accident Iimt or the
accident tenperature limts are shown here, 570
degrees. And, obviously, fromthis we see that there
are no cladding -- fuel cladding fail ures.

| should nention as an asterisk on this
that cladding failure is actually not expected until
we get to tenperatures well above this, tenperatures
in the vicinity of 750 degrees Celsius. So this was
quite a conservative failure criteria, and we never

reached those tenperatures.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

197

Next slide, please.

Now, thermal events and MPC failure,
thermal events and the multi-canister failure. W're
| ooking at a loading in the MPC and i nternal pressure
due to the filled gas. The MPC canister is filled
with helium The heliumis there to cool through
convection, to cool the fuel. |It's at approxinately
five atnospheres, about 82 psi, and there are two
failure nodes that could be generated fromthis
i nternal pressure | oading.

One is a limt load failure, and in that
case what happens is you get a -- we use a flow
stress nodel, and what we want to do is -- what are
the stresses causing continuous plastic flow? Could
| get continuous plastic flow and breach? And what
we wanted to nake sure is the actual stresses in the
shell, in the MPC, are actually less than the flow
stress.

Now, the flow stress itself, though, is a
function of the yield stress of the material, the
ultimate strength of the material. |In turn, the
yield and ultimate strength are functions of
tenperature. So what was done is probability
di stributions were devel oped fromthe literature for

all of these quantities, Monte Carlo sinulations were
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performed, and no failures were predicted at all

For creep rupture, creep rupture being

under sustained stress, long-tine -- long term
stress. |Is there a sustained straining such that a
strain limt is reached and rupture occurs? And

that's what we'd |ike to determ ne here.

Soit's atine to failure data, or as mnuch
time to failure data on the stress and tenperature
for stainless steel weld and base netal was obt ai ned.
The Argonne National Laboratory creep nodel was used
to predict creep damage for any tine-tenperature-
stress condition, and in this nodel the stresses were
magni fied to account for weld flaws as well.

And using all of this data and running it
through a Monte Carlo sinulation, again, no creep
rupture failures were predicted. None whatsoever.

Next slide.

So we see that fromthernmal events we have
no failures, either for the fuel rod cladding or for
t he MPC confi nenent boundari es.

Now, nechani cal |oad events. \What was
consi dered? Wat were the results? Explosions -- a
gasoline tanker traveling on the nearest highway.
Well, the explosion of that tanker of course is an

overpressure at the location of the storage overpack
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of about one pound per square inch, significantly
|l ess than the design external pressure of 10 psi.
Agai n, pipeline failure fromthe nearest pipeline and
expl osi on over pressure one psi, nuch | ess than 10 psi
desi gn.

Strikes by heavy objects -- could they tip
the storage cask over? Could they penetrate it?
Wll, we | ooked at vehicle inpact. W took a 10, 000-
pound vehicle traveling at 150 mles an hour. You
could not tip over the cask. |If the cask does not
tip over, there is really nothing that really
stresses the cask whatsoever, unless it tips over.

Tornado m ssiles -- again, the nmass and
velocity of these missiles were insufficient to cause
storage overpack perforation or tip over.

Agai n, strikes by heavy objects continued
-- aircraft. The Qulfstreaml|IV aircraft is the
| argest aircraft that can be handled at the | ocal
airfields. This is atwin-engine jet. The two jets
are mounted at the rear of the fuselage. The pl ane
wei ghs approxi mately 74,000 pounds.

We're | ooking at the possibility of crashes
on landing and takeoff as well as crashes due to
overflying aircraft that don't land at the airfield.

Landi ng and takeoff, it's the -- QulfstreamIVis the
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| argest aircraft. W want to |look at the hard
conmponents that are in the GQulfstream|V.

This woul d be the | anding gear or the
engi ne shaft, and the engine shaft is where the --
the hardest, snallest dianeter piece that could hit
the storage overpack. And that does not penetrate
t he storage overpack, |let alone even get to the MPC

The mass and velocity also of this aircraft
are insufficient to tip the cask over as well.

kay. Now, that's for takeoff and |anding.
What about overflights? Well, we assune that al
over-flying aircraft are larger than a GQul fstream |V
and traveling at high velocity. W, therefore,
assume that all inpacts cause cladding failure and
MPC breach. W made that assunption.

Rat her than trying to do an analysis for
all of these aircrafts, okay, we just said let's just
see what happens to the risk nunbers if we nade the
assunption that all overflights -- that these are
|l arge aircraft traveling at high velocity, and they
could potentially breach the MPC and cause fuel
cl addi ng failure.

Based on that, the conditional probability
of a release is then the probability or frequency of

overflight <crashes divided by the sum of the
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frequency or probability of overflight crashes and
takeof f and | andi ng crashes. And the nunber that is
reported here and is in the PRA is .14.

Vell, | want to tell you that this nunber
is wong. GCkay? In reviewing this section |ast
night, | discovered that the calculation for
overflight pressures, you have to have -- you have to
know the size of the target area that the aircraft
will hit. WlIlIl, in that calculation, on page 32,
second from the bottom paragraph, they had a
calculation in there which the aircraft engines of
the GulfstreamIl were 100 neters apart.

Vell, we know that that's not true. They
are actually a lot closer than 100 neters, and that
nunber is going to be reduced by a factor of nore
than 10. This nunber will then go down to .01, wll
be one percent, and will change the risk number
accordingly by an order of magnitude. And this wll
be corrected in the PRA

Next slide.

QG her nmechanical |oad events -- seismec.
An ABAQUS soil structure interaction node, ABAQUS is
a finite elenment package that is used for non-linear
analysis as well as elastic analysis and explicit

dynami cs.
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A soil structure interaction nodel that
i ncluded the storage overpack, the | SFSI concrete
pad, and the soil was nodel ed, and the coefficient of
friction between the cask and the pad -- that is, the
frictional coefficient that resists sliding or
ti pover, particularly sliding of the cask, was vari ed
bet ween .25 and . 53.

Eart hquake magni tudes were increased from
their site design basis value by 9 to 11 tinmes. The
site design basis value was taken at half of the
seismi ¢ margi ns earthquake value, which is .3g, and
we use .15¢g peak ground accel eration. Again, these
are increased by 9 to 11 tines, the design basis
eart hquake, no cask tipover whatsoever under those
condi ti ons.

kay. Thank you.

Mechani cal |oad events continued. Cask
drop events. kay. There are two categories of cask
drop events. One is when the MPC is unseal ed, open,
the lid has not been welded yet. Gkay? Those
obviously, in terms of the cal cul ati on of whether the
MPC breaches or not, don't really matter. W nust
consider that the MPC is breached for all of those
eval uati ons.

Now, when the MPC is seal ed, there are
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really four conditions and four general categories.
One is when the transfer cask is noved over the
refueling floor. The maxi mum drop hei ght at that
point is about three feet. The other case is when
the transfer cask is |owered through the equipnent
hat ch we have a maxi num drop of 100 feet.

And the other is when the MPC, the nulti-
pur pose canister, is lowered into the storage
overpack from the transfer cask. That's a 19-foot
drop, and that storage overpack noved to the |SFSI
pad and the maxi mumdrop is only one foot.

Now, in evaluating the MPC drops there were
two significant drops. One is the 100-foot drop
t hrough the equi pnment hatch. W have the refueling
fl oor, we have approximately a 100-foot drop. |If the
storage overpack, if the cask hits the storage
over pack, that ends up being a soft inpact, because
the storage overpack acts as an inpact limter,
absorbi ng much of the energy in that inpact.

If the storage overpack is either not here
or the transfer cask m sses the storage overpack on
its descent, it will hit the concrete floor. That is
al so a soft inmpact. This transfer cask, as |
described earlier, is a fairly robust, very heavy

cask. It goes about 10 inches into the concrete
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floor, and that 10 i nches of deformation and crushing
absorbs a significant anount of energy. So that is
relatively soft inpact.

On the other hand, the 19-foot drop of the
storage overpack -- of the MPC into the storage
overpack -- and | shoul d expl ai n what happens here --
it's lowered through the equi pnent hatch down to and
rests upon -- on the top of the storage -- on the top
of the storage overpack, and then independently the
MPC is then | owered after the door is slid sideways,
opened, the MPCis |owered into the storage over pack.

There is a possibility in this particul ar
transfer that it could drop 19 feet. This is a hard
impact. There is very little energy absorption here.
The MPC hits the bottomof this plate. This plate is
spread over a large area. Very little deformation
takes place. It probably only sees -- well, it sees
on the order of probably only a fraction of an inch.
We're tal king about nmaybe an inch deformation here,
very small anounts of deformation. That's a very
hard i npact.

And as we will see, just to give you -- you
know, |l et you see what's going to cone here, this is
the dom nant contributor to risk, this drop right

here, not that one. And that comes out of this
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st udy.

Yes?

MR. DIAS: One quick question here. How
wide is the shaft? You know, is there any chance of
some rotating nomentumto be applied to the canister,
or as the transfer canister -- as it's comng down
that would cause it to hit some of the floors in
between? |'mthinking out |oud here.

DR. BJORKMAN:. | really depends upon what
actual Il y happens, what the event is that causes --

MR DIAS: Yes. But if it's w de enough,
we know, then, that could be a little | ess probable.

DR. BJORKMAN: | couldn't tell you exactly
what the width of this is.

MR. DI AS: Ckay.

DR. BJORKMAN. My estimate is that it is
probably 30 feet or, you know, nore. |I'm--

MR. DI AS: Ckay.

DR. BJORKMAN:. |'mjust guessing, but |
don't know for sure.

MR. DI AS: Ckay.

DR BJORKMAN: | nean, | have | ooked over
equi pnent hat ches before and | ooked down and --

MR DI AS: | haven't.

DR. BJORKNAN: | don't -- | don't recall
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what the exact --

MR. DI AS: Ckay.

DR. BJORKMAN:. But, no, you know, if it is
brought over and the event -- the drop takes place as
it's com ng over and certainly hits sonething and
tips it could then -- and it would go down, that
woul d -- that woul d probably be a | ess damagi ng event
for the MPC than the direct inpact all the way down.

The [likelihood of Dbreach wunder those
conditions is probably less. That's just a guess at
this point.

Yes?

MR MALLIAKCS: This is Asim os Mlliakos
from the staff. Actually, this failure is being
drawn to scale. So | have engi neer here --

DR BJORKMAN:  This is 20 feet. Then, this
is on the order -- this could be alnost 30 feet.

MR, MALLI AKCS:  Yes.

DR BJORKMAN: So it could be close.

MR, MALLI AKCS:  Yes.

DR. BJORKMAN. Ckay. So this is the event
that will dom nate right here. [It's not intuitive at
all, not intuitive at all. But this is what cones
out when you do this kind of a detailed evaluation to

determ ne what the dom nant event is.
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kay. Next, please.
To do this analysis, a detailed LS-DYNA
finite elenment nodel was devel oped to performthe

drop inmpact analysis. This is a continuum nmechanics

nodel. This is the geonetry. |It's a quarter scale,
t aki ng advantage of two planes of synmetry. It's a
quarter scale nodel. This shows the concrete fl oor

and the wall under the concrete floor that this cask
woul d i npact .

Next slide, please.

W zoomin at the bottomthere. W zoomin
at the bottomcorner, and, you know, this is hard to,
you know -- in a 10-second glinpse it's hard to see
what's going on here, but you can begin to see sone
of the detail.

This is the baseplate of the MPC. This is
t he baseplate. Here we have the shell -- the shell,
the half-inch thick shell. And there were a |ot of
el enents through the thickness, and you see that
goi ng up this way.

This yellow here is a basket support, and
| will talk about that in a mnute. That's a basket
support that is welded to the MPC shell. You see
that in a very coarse nodel the actual basket in

green is nodel ed. The actual fuel rods are actually
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nodel ed, and they are nodel ed so that the nass -- the
mass of the systemis actually nodel ed correctly. So
they're in there just to nake sure that the nass and
t he dynami cs work properly.

Next slide, please.

If we ook at the MPC -- and, again, |
tal ked about that weld in the corner between the
shell and the baseplate. If we |look at a |ocation
away from the basket support -- the basket support
that I|"mgoing to be ooking at in this case is a bar
that may be an inch and a half thick and maybe two
i nches wide. The basket supports are welded fairly
-- at anywhere from 15 to 20 degrees around the
interior of the MPC shell. They're there to prevent
any novenent of the basket inside the cask. That's
their function.

If we ook at the deformation -- and this
is for the 19-foot drop at the sanme tine at five
mlliseconds into the event, if we | ook at a | ocation
away from the basket support we see a nice gradua
curvature taking place, a very nice deformation

If we |look directly at the basket support,
we see that what is happening here is we get high
constraint. Virtually nmuch of the deformation -- al

of the deformation takes place just in this |ower
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section right down here. So the basket support is
constraining the deformation into this localized
regi on.

Next slide.

And if we look at the stresses, or in this
case the strains, the effective plastic strains in
here -- and this is exactly the sane picture as |
showed you before, and now we're going to look at it
nore closely. This is a closeup of that sane
section, and |I'mgoing to show you the naxi num val ue
of strain that cones out of here, which is .459 or
about 46 percent strain. You'll renenber that
nunber.

What | also want to show you is another
thing that's very inportant for the PRA to recognize
how t his anal ysis was before performed. Notice this
maxi mum occurs at a single elenment -- right here --
a single elenent through the thickness. There are
six elenments through the thickness.

So when we discuss the failure probability
of the MPC or the possible breach of the MPC we're
real ly tal king about the failure of that one el ement
through the thickness. And we're naking the
assunption that this crack or this initiation of

failure woul d propagate through. That is not always
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t he case, however.

So this is a conservative analysis in that
case. It will take additional -- additionally nore
rigorous analysis to actually go through and fail it
all the way through and do the nultiple sinulations
that woul d have to be done. So | want you to keep
that in mnd. W're tal king about a single el enent
her e.

kay. Thank you.

What is the failure criteria? | showed you
how we cal cul ated the stresses, or in this case the
strains. | showed you how we cal cul ated the strains.

What's the failure criteria? The nost
highly stressed region of the MC is at the
circunferential weld joining the shell to the
basepl ate, and you saw that. The nmaterial, the weld
material, is Type 308 stainless steel. W have a
strain-based failure criteria based on test data of
Type 308 stainless steel wel dnents taken from nucl ear
power pl ant pi pi ng, nucl ear powerpl ant pi pi ng that was
in service. These coupons were cut up fromthose
wel ds, and tests were done on those two failures to
determ ne strain at failure.

From this data, the nean and standard

deviation of the true strain at failure was
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cal cul ated, and the true strain at failure is really
what we want, because this is consistent with the
output in LS-DYNA. The data that we used to conpare
with our analytical nodel should be the sane and
consistent. In this case they are.

The data have to be adjusted, however, for
strain rate and tenperature. The data is for room
tenperature at static |loading. W have to adjust it
for high strain rates, high inpact |oads at el evated
tenperature. A factor of .88 was applied to the mean
failure strain.

kay. And based on that, the actual data
now -- | can show you, this is in Table B2 in the PRA
-- we now have the standard deviation fromthe nean.
The mean val ue for the strain at failure is about .73
or 73 percent strain. Seventy-three percent strain,
for those of you who aren't famliar with strain,
this would be a 73 percent -- in general, a 73
percent increase in the length of the material prior
to failure.

kay. So a one-inch bar would fail when it
got to 1.73 inches approximtely. That's not exactly
the definition of "true strain,” but it's the
definition of engineering strain.

Anyway, so .73 or 73 percent strain, and
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that is really what we were calculating -- that is at
the 50 percent probability effect. That is, we have
a 50 percent chance that the actual failure strainis
| ess than the cal culated value. GCkay? So this is
incorrect. This should be switched around. It's
correct inthis table in the PRA report, however.

So this is the probability. This is the
probability that the actual failure strain is |ess
than the value that was cal culated in the LS-DYNA
program (Okay. And these are the values for severa
standard devi ati ons.

Next slide.

W al so have to adjust it for the state of
stress. W adjusted it for strain rate and
tenperature. Now we have to adjust it for state of
stress.

kay. The strain at failure is based on
uniaxial tension -- that is, pointing it in one
direction, stretching it this way, failed. Gkay. In
the actual LS-DYNA cal cul ation, we have a conpl ex
t hree-di nensi onal state of stress going on. Ckay?
So we need to -- and this triaxial state of stress,
this three-di mensional state of stress, may constrain
plastic flow and | ower the strain at failure,

particularly if it's tension. 1t'll constrain the
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plastic flow and | ower the strain at failure.

So what is calculated as a triaxiality
factor for each elenent -- so for each elenment in the
analysis atriaxiality factor was cal cul ated, and the
failure strain was nodified

And this is the final data -- MPC failure
probability. For various drop heights -- 19-foot
drop, 100, and five-foot drops. The maximum strain
in LS-DYNA -- 1'Il just go through the 19-foot drop,
the maximumstrain in LS-DYNA, approximtely 46
percent strain. Notice the 100-foot drop is
consi derably | ess.

Okay. Now, adjusted for the effects of
triaxiality, what we did was we took the triaxiality
factor and bunped up the LS-DYNA val ue -- rather than
| owering the failure value, we bunped up the LS-DYNA
value by the triaxiality factor to get this strain,
before conparing it to the table | just showed you
before, to conpute the failure probability. And this
is, again, the probability of weld failure.

So we end up with approximately a 28
percent conditional probability failure, okay, given
that the event has occurred. And, again, asterisks
-- this is the probability that one of the six

el enents through the thickness has fail ed.
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Next slide. Thank you.

kay. So we've tal ked about MPC failure.
Now we al so have to tal k about cladding failure, the
drop events, nechanical drop events. W have end
drop inpact. The nost likely drop scenario is that
of an end drop inpact. These are high inpact |oads
on the fuel rods.

If we were to go and use what we call
static buckling formula for a fuel rod, and use
static buckling formulas where you just -- you know,
we all take the yardstick and put sone load on it and
it bows out, and that -- that is buckling.

Vell, if we did and used those fornmulas to
predict the failure of the fuel rod for the g | oads
that are -- it is subjected to, we would have the
fact that a one-foot drop predicts buckling and fuel
cladding failure. And this, of course, is not
physically correct.

What happens is that nagnitude and the
duration of the loading are inportant. W have high
| oads but very short duration. And this is a dynamc
probl em and nust be treated as a dynam c probl em

What we did is we developed a fuel rod
nodel, a single-pin nodel, and this is -- the artist

has taken a great deal of liberty here in creating --
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this is a straight pin. It has a slight blowin it.
That bow is only one one-hundredth of an inch, but
it's highly exaggerated here, just for the point of
illustration.

These lateral springs are the grid spacers
between -- okay, the grid spaces in the assenbly.
These distances are typically 20 inches, 20 inches
each. Gkay? And there's a snmall amount of bow.

And the rod can displace laterally through
some gap, and that gap is determ ned by distance
bet ween adj acent rods, how rmuch gap there i s between
the fuel assenbly and the fuel basket itself, and the
maxi mum gap was assuned.

Now, if we use the single rod nodel -- and
that was dictated by conputational efficiency. 1In a
10 by 10 fuel assenbly, we have 100 rods. Al of a
sudden we have 100 rods buckling, interacting with
one another. This is a very conplex problem It's
only recently that this problem has begun to be
tackl ed conputationally.

This single pin rod by itself has 20, 000
el enents and 10, 000 nodes. GCkay. W use a cask to
ground spring. | wll just -- you know, we have a
rod and there's the cask nass and the MPC nmass are

all in here, and we have a cask to ground spring.
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They' Il say, "Wll, how do you choose that cask to
ground spring?"

Vell, what is the fuel rod field? The fuel
rod fields -- what it's resting against. |It's
resting against the MPC baseplate. WlI, how does
the MPC baseplate nove? Well, what we do is we
deternmine the stiffness of this spring such that it
has exactly the correct di spl acenment characteristics,
and we go through an iterative process until we get
it right, so that it displaces and the fuel rod
thinks it's resting agai nst the MPC basepl at e.

The nechani cal properties of high burnup
fuel were used, and a cladding failure strain limt
of one percent was used. And this is near the |ower
end of the strain failure data. Oher values could
certainly be used. W used one percent in this

particul ar study.

kay. | want to show you one of the
results, and then this is -- again, this is not
intuitive. Fuel rod response -- these are basically

i npacts from the same height. There is a 20-foot
drop onto the concrete floor, and this is the MPC 19-
foot drop of the -- fromthe transfer cask into the
storage overpack. | tal ked about that before.

Look at the behavior of this. This is a
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fairly soft inpact. Gkay. The 20-foot drop, the
transfer cask, onto the concrete floor. W get
deformation. The transfer cask is very heavy. It
penetrates an inch or two into the floor for a 20-
foot drop, and we get this very classic buckling
node, very classic.

This is one grid spacer. This is the next
grid spacer. This is about 20 inches.

Now, MPC hard drop. This is a hard drop
Same drop height. Totally different buckling
characteristics. This buckling characteristic, this
is the exact buckle shape you would get if you took
arod -- free rod -- a fuel rod, dropped it 19 feet
onto a rock hard surface, steel plate or sonething,
freely, without any support or anything, you just
drop it, bang. This is the buckle shape you get.
It's a classic textbook. You can open a textbook.

That's exactly what you get.

Vll, isn't this nice? The nodel predicts
it, so the nodel works. [It's not biased by our own
-- how we constructed the nodel or anything like
that. It is giving us exactly what it wanted to do.

In this process, the strains are very, very high, as
we'll see on the next slide. If we |ook at what goes

on here, and we say, well, drop height -- the nmaxi mum
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principal strain with drop height onto the concrete
floor -- and what we see is for about 20 feet we're
| ess than the one percent strain limt.

At 40 feet we've exceeded the one percent
strain limt, so we could say, well, we -- by our
criteria, we're getting failure of somewhere between
20 and 40 feet.

Look at the 19-foot drop. N neteen feet --
we are way up there. WAy up there. Okay. W're
probably at -- for the same drop height we're nore
than 10 tines higher in the strain value. So it is
a much nore severe inpact again.

Go ahead.

kay. That ends the discussion of the
success criteria that basically lead to MPC, breach
or cladding failure. Now l'd like to tal k about
rel ease fractions nethodol ogy, and this nethodol ogy
was devel oped from a nunber of references. Dr. Bob
Ei nzi nger put this together, did a great job.

The rel ease fracti ons net hodol ogy -- what's
t he governing equation? |It's actually pretty sinple
in its nmost fundamental form The release fraction
-- that is, the anount of radionuclides that get out
into the atnosphere is based upon what ?

wll, if | have a three by three fuel
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assenbly, certainly based on the nunber of rods that
fail -- let's say the red ones fail, so four out of
nine rods fail. This is four over nine. That's the
rel ease fraction.

Now, |'ve got to look at it and say, "Okay.
Those rods failed.” Now, of those rods, how nmuch of
what is in that rod gets into the MPC canister, into
the cask? How rmuch gets into the cask environnment?
So that's this quantity -- F sub fromrod to cask
Then, if there's a breach, you have to say, "Wll, of
all the stuff that's in here, how nmuch actually gets
out into the environnment?" So that's the third
conponent .

And I'll go through very, very briefly and
di scuss how we went about or how Bob went about
cal cul ating each of those quantities.

kay. Source terms -- the source terms.

th radionuclide -- we have

The source termfor the |
quite a few radi onuclides. What is the source term
for each radionuclide? W have F sub K This is the
rel ease fraction.

And the source term-- the anmount of stuff,
t he amount of radioactivity that is going to get out

is, what is the fraction of the total inventory that

gets out summed over the various -- sumed over the
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vari ous types of radionuclides that we can have?

And we have basically three | arger classes
of radionuclides. W have noble gases and volatile
gases. Ckay. And as I'll explain later, we're not
going to be tal king about volatile gases, just noble
gases. And this will be krypton-85.

Fuel particles, fuel particulates, and
we're also -- and we're going to be tal ki ng about not
only the body of the fuel pellet but also the rim of
the fuel pellet as well. And we'll also talk a
little bit about the CRUD

kay. What are the nodel limtations?
It's only applicable for inpact events. The effect
of fire on volatility of fission products and change
in material properties are not consi dered because the
MPC failures -- because no -- no MPC failures
occurred due to thermal events.

And, therefore, thermal events which woul d
produce volatile fusion projects -- if the
tenperatures got high enough -- are not considered.
The tenperatures are not high enough to rel ease t hese
vol atil e fusion products -- fission products.

Next .

Fuel properties. BWR, slight nodifications

woul d have to be nade for PAWR, but it's BWR fuel, 60
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gi gawatt days per netric ton burnup, and the rim
effect in the fuel pellet is considered. And the
reason it's considered is that the actinide inventory
-- actinide inventory in the rimis higher than in
the body of the fuel. That's nunber one.

And the particulate size is small. And

what | nmean by "small," |I'mtal king about sub-nicron
size, .1 to .3 mcrons. And, therefore, the rimand
body are considered two distinct regions in this
nmet hodol ogy.

Next .

kay. Release fromthe rods, F sub RC
Rel ease from the rods into the cask. How is that
done? Well, as | just nentioned, the particul ate
release from the rim and the body regions were
anal yzed separately.

Now, the fracture of the fuel into fines is
based on nodifications of the equations fromthe DCE
Handbook that relate the fraction of the fuel
fragnents, the fraction of the fuel fragnents that
are generated, that are of respirable size, versus
the specific energy or the inpact energy.

If we know the inpact energy, we can go up

and using the DOE nethodol ogy we can cal cul ate the

percentage of particles less than 10 m crons. Ckay.
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| should say that the PRA adjusted this curve
downward to be nore consistent with the data, and
that is explained in the PRA

kay. F sub RC. F sub RC, release from
the rod to the cask is dependent upon what? The
nunber of fracture sites in the rod, and anywhere
fromone to seven sites were considered. Five is the
def aul t val ue.

Entrai nment of the fines in the gas stream
during depressurization of the rod. Rod breaks, the
gases want to streamtoward the opening, the gases as
they're noving at some velocity want to pick up the
particles. How nmuch of those particles are picked up
by the gas and get out of the rod? That's the
ent rai nment .

Now, the extent to which the rimregion

actually fractures -- how nuch of the rim region
actual ly does fracture? GCkay. Well, uncertainty is
considered in both of these paranmeters -- nunber of

fracture sites, entrainnent, and the amount of rim
material that is actually fractured. And with those
ranges you end up getting release fractions for this
particular quantity, fromrod to the cask, that vary
from7 tines 10° all the way up to 1.2 times 102, So

variability in these is significant.
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Now, the next quantity is the cask to
envi ronnent rel ease. So now we've got the particles
in the cask. They've conme out of the rod; they're in
the cask. GCkay. Now what happens? Well, the
particles not settling out by gravity or plating out
onto surfaces is assumed to be 10 percent, so
90 percent are assuned to settle out or plate onto
surfaces.

And, again, this -- in this environnent we
have the internal five atnospheres or the origina
82 psi, plus the fill gas pressure that is now
relieved. So the internal pressure in the cask is
greater than five atnospheres. It also depends upon
the particles exiting the depressurized cask.

How many exit the depressurized cask? O
those that it suspended, how nmuch exits the cask? It
is assuned here that it's 100 percent, because we're
going from five plus atnospheres down to one
at nosphere, and in this process we're going to get --
dependi ng upon how rmuch the fill gas contributes,
we're going to get up to the high 90s in ternms of
percent ages of actual material that will go out when
the cask actually ruptures. So we were assum ng 100
percent here for that.

CRUD -- what is the basis for CRUD
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inventory? CRUD -- Chalk River Unidentified Deposits
-- it bounds -- the value that is used of .72 curies
per rod bounds 90 percent of the rod data of the data
for assenblies that's out there. The inventory was
decreased, or the radionuclides were decreased by
decay of cobalt-60. |It's assuned that CRUD i s nade
up of cobalt-60. The decay of cobalt-60 was assuned
over 10 years, so that's also contributing and went
into the val ue.

Reduce the CRUD values -- reduce by a
factor of two for axial variation on the rod, because
the data is based on peak values. So it was sneared
across the rod. It was scaled up for burnup. Ckay?
Scal ed up for burnup because the data is really for
low burnup fuel, but it does not include the
i nfluence of water chenistry.

PARTI Cl PANT: (I naudi bl e corment from an
um ked | ocation.)

DR. BJORKMAN: Right. Ten years is the age
of the fuel since it has come out of the reactor.
Correct, right.

And this is basically a summary of the
rel ease fractions. These are for the three basic
groups -- noble gas particulates and CRUD. The

inventory cane fromthe ORI GEN program here. This
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was basi cal ly devel oped for the CRUD i nventory curies
per rod. The fraction of rods that fail -- 100
percent of the rods when they failed -- 100 percent
of the rods were assuned to fail in this analysis, or
the fraction fromthe rod to the cask -- again, for
nobl e gases, 12 percent.

This was the range of values. You saw
these nunbers before when | talked about the
uncertainty. These are the range of values, and this
range of values pertains to the anount of rim
fracture which can be alnbst zero to one, and the
entrai nnent. How nuch of it actually gets entrained
in the gas as it flows out of the crack? Anywhere
fromzero to one, and that gives you this range.

How nuch actually gets out of -- okay.
well, for the CRUD we've got 0.05. And how nuch
actually gets out fromthe cask to the environnment?
For the noble gas it's all of it. For the
particulates it's 10 percent. And for the CRUDit's
al so 10 percent. And that gives you the --
basically, the release fractions for each of these
t hree groups.

And now |'d like to turn it back over to
Ronal do to tal k about issues that are out of scope.

MR. JENKI NS: Now t hat we' ve di scussed
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basically what went into the report, we should al so
tal k about what didn't go into the report or was not
explicitly addressed.

As t he slide i ndi cates, terrorism
sabotage, or mlitary accidents were not addressed by
this PRA. Fabrication errors or design changes were
not considered in this study. But we did consider
the weld failure evaluation of the MPC, as GCordon
tal ked about, to reflect normal flaws that m ght
exist in well deposits of stainless steel.

Pl ant danmage -- the casks would travel
along a designated load path that was selected to
ensure that should the cask be dropped on the fl oor
the floor would be able to hold the cask. The cask
-- excuse ne, the train carrying the transfer cask
along the load path is al so designed at this plant to
be single failure proof.

The frequency of misloading, while not
esti mated, determ nistic cal cul ati ons were perforned
to investigate the effects of m sloading on thermal
| oads, and the failure probability of the MPC and t he
possibility for criticality. Wth respect to human
reliability issues, the operational data was used in
order to derive the frequency of the handling

initiating events to occur. Therefore, hunan
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performance is inplicitly inplied, so we did not do
a human reliability analysis. But the data does
refl ect human perfornance.

Simlar to nuclear powerplant PRAs, worker
ri sk was not addressed. And except for possible cask
and fuel corrosion, aging effects was beyond the
scope of this PRA

Lastly, we considered individual initiating
events and not nultiple events. Individual factors
were investigated one at a tine using sensitivity
st udi es.

I ncluding the issues outside the scope of
this report -- wunloading, offsite, transport, and
repository storage was not addressed in the report.
On the subject of uncertainty analysis, we do
recogni ze today that we would fornerly performa
quantification of the nodel uncertainties, but the
decision at the tine was to forego that step

Now, as to concl usions, the PRA report
deternmined that there was no pronpt fatalities, and
the risk in terns of latent cancer fatalities was
very low. The risk was dom nated by acci dent
sequences i n the handling phase where the significant
contributors were the drops of the MPC and transfer

casks.
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This conprehensive evaluation of the
initiating event success criteria and accident
consequences sets the stage for future PRA studies in
this area.

At this time, we'll entertain any questions
you m ght have.

MEMBER WEI NER:  |'m sure that we have --
certainly have a great many, but | will defer first
to my colleagues on the conmttee. Dr. Hinze.

MEMBER HI NZE: |If | may ask, these out of
scope issues that you've just talked about -- did
sensitivity studies indicate that these could be
consi dered outside the scope?

MR JENKINS: |'msorry. The --

MEMBER HI NZE: Sensitivity studies.

MR. JENKINS: -- sensitivity studies --

MEMBER HI NZE: Consi dering the range of
uncertainties?

MR. JENKINS: The sensitivity studies were
conducted on selected paranmeters. You know, Dr.

Bj orkman tal ked about those kinds of sensitivity
studies. Wen we tal k about uncertainty analysis,
we' re tal ki ng about how probability distributions may
vary dependi ng on how they're propagated through the

anal ysi s.
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So sensitivity studies are typically where
you' d take one particul ar paraneter and you woul d
bury that and determ ne how sensitive your results
are, your bottomline results are to --

MEMBER HINZE: |'mfamliar with what --

MR. JENKINS: Ckay.

MEMBER HI NZE: | guess |I'ma bit confused.
This is a PRA but in nmany places, as | understand
it, you selected conservative conditions and used
those in a -- as a single val ue.

MR JENKINS: W selected the best --

MEMBER HI NZE: And so is this really a
probabilistic risk assessnent?

MR JENKINS: Well, we tried to sel ect best
esti mat e val ues.

MEMBER HI NZE: Well, | heard "conservative"
quite often. Perhaps | msheard. | don't know when
they are conservative and when they aren't, but, you
know, it's a brief presentation.

Let me ask -- this was for a particular
site?

MR, JENKINS: Yes.

MEMBER HI NZE: What were the criteria that
were used to select the site for this analysis? Wy

was this one chosen?
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MR. JENKI NS: | believe it was due to the

-- having information readily available to start the
wor K.

MEMBER HINZE: | would think that you woul d
have this kind of information available at every dry
cask storage site. Wre there particular attributes
of this site that nmade it nore desirable from a
failure standpoint?

MR JENKINS: No. | don't think there was
any bias one way or the other regarding --

MEMBER HINZE: | was trying to -- is this
where you had data? Well --

MR. JENKINS: First, you had to have a cask
at that particular --

MEMBER HI NZE: Yes, okay.

MR JENKINS: -- facility. GCkay?

MEMBER HI NZE: Sure, | understand.

MR JENKINS: And | think it was nore
driven by the fact that we had design data fromthe
dry cask storage nmanufacturer. So once you picked
that particul ar design, then you say, "Wl |, where is
it? Wwere is the facility?" And then, we made
arrangenents to contact the licensee to allow us to
go and, you know, wal k down the system

MEMBER HI NZE: One of the things that | was
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-- | was surprised to see out of scope issue was this
agi ng effects of fuel during storage. That has a | ot
to do with CRUD. It has a lot to do with therna
aspects. How sensitive are your results to the age
of -- the storage age of the waste?

MR. JENKINS: The report tal ked about
| ooking at a cask -- | forget the nane -- a
Victor 21.

MR. MONNI NGER: There were -- yes. This is
John Monninger fromthe Ofice of Research. For the
past several vyears, the NRC has had a research
program ongoing up at I|daho National Laboratory,
wherei n they have taken fuel and opened up casks to
| ook at the eval uation of the fuel.

And the fuel has actually been in very good
shape. | don't have the exact reference to the
research reports, but this issue on the aging effects
of the fuel, aging effects on the dry cask, or dry
storage cask systens, was al so considered in the
staff's |license renewal assessnent, for exanple, for
the Surry site, etcetera. So the staff has | ooked at
aging effects, but it just wasn't explicitly incl uded
within this PRA study.

MR. JENKINS: The particular system| think

you're tal king about, John, is there's a canister



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

232

V/I24, and it was like 14 years of storage. And so
they pulled it out and examined it, and there was no
i ndi cati on of degradation. So | believe that kind of
| ends credence. W can't rule it out, but it's -- it
wasn't explicitly addressed.

MR HACKETT: | think if I -- this is Ed
Hackett. | think if | could back up our questioning,
| think just to try and paraphrase where you're at
with the questioning, it's really going to criterion
for what was in scope and what was out of scope. And
| don't think -- or | think it is fair to say that
was not addressed in a systematic way. | think a |ot
of these were out of scope based on the magnitude of
the resources or the level of effort that would be
required in certain areas.

One | could speak to, for instance, fromny
own technical background, when you |look at -- the
slides not up there, but fabrication and future cask
desi gn changes. But just to stick with fabrication,
you coul d probably have spent several years worth of
effort going into weld flaw distributions and how
they, in turn, mght initiate cracks.

There are certain stress events, like
Gordon was referring to, and where that m ght go. It

woul d be a very large effort. And | wasn't involved



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

233

at the tinme, but I woul d have assuned t hat one of the
reasons for excluding that probably were twofold --
one, because of the magnitude of probably -- one,
because of the magnitude of the effort; and then,
al so, when you look at the conplexities involved in
trying to do this on a pilot sense and getting the
nmet hodol ogy down, that piece was excluded. | don't
knowif that's hel pful, but I see where you' re going.
You're trying to get to a criterion.

MEMBER HI NZE: Sure. Sure. One of the
things that was going through nmy mnd as Gordon was
tal king was the effect of corrosion. Both the effect
of strain on accel erating corrosion and the effect of
corrosion on the strength characteristics, and |
gat her that's excluded because it's a nultiple
initiating event. Did you consider corrosion?

DR.  BJORKMAN: No, corrosion was not
considered -- was not considered in this at all.
Typically, when one designs a nucl ear powerpl ant,
pi ping and things |ike that, a corrosion allowance is
i ncluded at the beginning. But in these anal yses, no
reduction in thicknesses of materials was assumed due
to corrosion that m ght occur over tinme, particularly
given that this was -- these were stainless steel

casks.
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MEMBER HINZE: |'mtaking tine away from ny

coll eagues. 1'Il just ask one nore question. This
eart hquake nmagnitude confused ne, 9 to 11 tines the
desi gn basi s earthquake. Are we really tal king about
eart hquake magnitude here? O are we -- you know,

the log of the energy? O are we tal king about 9 to
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DR, BJORKMAN:

accel erati on.

MEMBER HI NZE

ought to be very concerned about

Nine to 11 tines the

kay. | really think you

usi ng earthquake

magni t ude.

DR. BJORKMAN: Correct.

MEMBER HI NZE: That has a very specific
nmeaning. | was quite sure you didn't nean that.

DR, BJORKMAN:

No. | mean -- it has

nothing to do with noment nagnitude.

MEMBER HI NZE: Ri ght.

DR. BJORKMAN: Exactly.

MEMBER HI NZE: It couldn't.

DR BJORKMAN:  No, it couldn't.

MEMBER HI NZE: But you -- that's sonething

you should try to not use, please.

DR, BJORKMAN:

CHAI RVAN RYAN:

Al'l right. Thank you.

Page 18 and 19.

Just
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clarification questions. | want to nake sure |
understand. |If you wouldn't mnd, just for
everybody's benefit, putting it up on the screen.

There we go. The 3.6 tines 10°is a fairly
standard reference for cancers per rem of radiation
exposure. Is that -- am| understanding that right?
VWhat's the 3.6 times 10 *?2 |I'mat Slide 18, right
down at the bottom

MR. JENKINS: |'msorry. Your question
was ?

CHAI RVAN RYAN:. The question is: what is
3.6 times 10%. That's the probability of |atent
cancer --

MR. JENKINS: That's the probability of
| at ent cancer fatality.

CHAI RVAN RYAN: Fatal cancer for an
i ndi vi dual .

MR JENKINS: For individuals.

CHAI RVAN RYAN: Per what? Integrated over
an accident or --

MR. JENKINS: Well, for this particular
rel ease -- high burnup fuel, fuel and thee rel ease
hei ght of 50 neters. | believe there is a certain
area that's specified on the table.

CHAI RVAN RYAN: Ckay. |I'mjust trying to
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-- and | realize in the interest of tinme you just
sumari zed that, but I'mtrying to figure out, are
you cal culating doses to one individual? Are you

i ntegrating over a population and a sector? Howis
it done? Is it ren? Is it sonmething else? Can you
help nme out a little? Thank you.

M5. M TCHELL: Jocelyn Mtchell fromthe
Ofice of Research. The Max code takes the
i nventory, the specific inventory rel eased, multiples
it times the release fractions, which you heard
di scussed, takes the popul ation and the neteorol ogy
for the specific site, and then transports the pl ant
-- or the plunme away fromthe site.

For that particular nunber, we |ooked
sol ely between zero and 10 miles, 16 kil onmeters, from
the site, and then cal cul ated an i ndi vidual risk from
that distance only. The reason that that was chosen
was to try to conpare with the reactor safety goal

CHAI RMAN RYAN:  Yes, | understand.

M5. MTCHELL: GCkay. So it is not a total
integrated latent cancers for this accident. [If |
were doing it again, | would probably choose to quote
t hat nunber, because it's a |ot easier to explain.

CHAI RVAN RYAN: No, I'mwith you. And | --

that really hel ps me understand it. | also just have
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alittle bit of trouble froma fundanental s point of
view of taking very small doses, multiplying, and
then adding them up, and trying to relate that to
cancer. Just -- it's wong. |In spite of the fact we
use it a lot, it really is a gross overestimte of
cancer risk I think

M5. M TCHELL: Well, that surely is a
subj ect of discussion, and | know that the ACNW i s
having a very large neeting, which | wouldn't mss
for the world --

CHAI RVAN RYAN: Ckay. Great.

M5. M TCHELL: ~-- later this fall. | think
whatever it is, Novenber or sonething, | wll be
there --

CHAI RVAN RYAN: M si npl e-mi nded anal ogy is

M5. M TCHELL: -- to hear the discussion.

CHAI RVAN RYAN: -- 1'd rather be hit in the
face by a one mle an hour wind for 200 hours than a
200 m |l e an hour wi nd for one hour.

(Laughter.)

So | ow dose or no dose rates really -- and,
again, froma relative standpoint -- |'m now on page
19, it sort of washes out. | nean, you can conpare

different scenarios or different accident scenarios
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for the absolute values of those nunbers relative to
one anot her.

One is 10 times higher or lower, but | just
-- 1 just wanted to nake sure | understood that we
we're on the page where there i s sone uncertainty and
how that's -- what it really nmeans in ternms of
absol ute val ues. Thanks.

Rut h?

MEMBER VEI NER:  Ji nf?

MEMBER CLARKE: | just had a quick question
following up on Dr. Hinze on the out of scope issues.
Based on what you learn from this, is there any
interest in going back and | ooking at any of those?
| was particularly interested in the last one. Are
there any plans to -- uncertainty distribution and
propagati on?

MR JENKINS: At this tinme, | don't believe
there is -- we're not going to revisit that
particul ar issue. However, in the future work we'll
consider that. The focus of this report was to
provi de the staff with, you know, sort of a road map
on how to do these PRAs. And once having done it,
you know, future applications will becone easier.

Ed, did you have anythi ng?

MR. HACKETT: Yes. This is Ed Hackett.
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Very good question, and | think the answer is, yes,
there is definitely interest. The caveat is: are
there resources? And are we going to be able to
pursue that relative to some of our other priorities?

For right now, as Ronal do indicated, what
we're | ooking at doing, as far as the user office,
t he Spent Fuel Project Ofice, is |ooking at howthis
can inform our regulatory approach in a nunber of
areas as you've seen in the report, with an easy
exanple being the inspection effort. So we're
focusing on that right now, but there is absolutely
interest in that. |It's just going to be a question
of where we can go with resource limtations for the
future.

MEMBER CLARKE: Understood. Thank you.

MEMBER VEI NER:  You've called this a pilot
program Just to follow up on that, so your intent
from here is to go where? Revisit some of these
issues, sinply wuse it to inform the regulatory
approach as you just said? Were are you going --
what is this a pilot for?

MR. HACKETT: Again, a good question. And
the original view was that there would probably be
several phases to this effort, | think it's fair to

say, wherein this was the first phase and it was a
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pilot. | think there was envisioning that we woul d
go beyond to address these other itens that are out
of scope. And as | just said, we nay or nay not be
able to do that, subject to resources.

So our next steps, so to speak, are to go
down the path of |ooking at, what does this nmean for
us in dry cask storage space from the standpoi nt of
ri sk-inform ng the inspection process, the oversight
process, licensing, possibly even the regulations
t hensel ves, was basically an initiation and a first
| ook for us at being able to do that with what has
| argely been historically a determninistic approach.

CHAI RVAN RYAN: Why did you use | atent
cancer fatalities and not dose? Because surely you
have to calculate dose before you get to |atent
cancer fatalities.

Jocel yn? Jocelyn, why don't you stay up
her e?

(Laughter.)

M5. M TCHELL: As | nentioned, the desire
was originally to conpare with the reactor safety
goals, and they are both expressed in terns of
i npact, early fatalities, which can cal cul ated zero,
and | atent cancer fatalities.

CHAI RMAN RYAN: But the basis wasn't the
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same. You didn't do it for a whole integrated
popul ati on, so how do you conpare it? |'msorry.

The basis wasn't the sane. You didn't do it over the
same integrated population, if | understood you
right.

M5. M TCHELL: The safety goals are --

CHAl RVAN RYAN: Ch, no. This case versus
t he reactor case.

M5. M TCHELL: The reactor safety goal
when you conpare with the safety goal, you -- the
qualitative statenent is that the Ilatent cancer
fatality risk to the popul ation should be a snall
fraction of the naturally-occurring, and they define
the small fraction as .1 percent, and they define
only the first 10 mles, because if you -- for
exactly what you said, you have so many cancers
natural l y-occurring in the huge popul ation that the
anount that you would get fromthis acci dent woul d be
small. So they | ook only between zero and 10 ml es.

CHAI RVAN RYAN: Ch, and you did the exact
same t hing.

M5. M TCHELL: Yes.

CHAI RVAN RYAN: And integrated over the
whol e popul ati on.

M5. M TCHELL: No, only between zero and 10
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m | es.

CHAIRVAN RYAN: In that -- the whole
popul ation in that 10-m | e annul us.

M5. M TCHELL: Yes.

MEMBER VEI NER: | see. Thank you. | would
encourage you in all of these to at | east go back to
dose, because vyou're just introducing another
uncertainty. But that's just a parenthetica
conment .

M5. M TCHELL: The problemw th dose is
that not all radionuclides are the same. So if you
tal k about some sort of a dose, you have a hard tine
putting short-lived and long-lived activities on the
sane, and inhal ed versus not inhal ed.

CHAI RVAN RYAN: Figure that out to apply

the risk.

MS5. M TCHELL: Yes, that's correct. Wich
dose --

CHAl RVAN RYAN:  You have to calculate it
anyway.

M5. M TCHELL: -- which dose would you --

CHAI RVMAN RYAN: Fifty --

M5. M TCHELL: W go on an organ-by-organ
basis. Wll, for -- for organs we | ook at the |ung

and the breast and -- on an organ-by-organ basis for
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early fatalities. For instance, we |look at the red
marrow in the lung, and the @ tract to determ ne --
in this case it happened to be zero. Ckay?

But that's the dose we ook at. For |atent
cancer fatalities it's the thyroid gland. Wat dose
went to the thyroid gland? Wat nunber of cancers
woul d you get, and what fraction would be fatal? So
we add up all those cancers on an organ-by-organ
basi s.

CHAI RVAN RYAN: Is this nethodol ogy
outlined in the report, or is it --

M5. M TCHELL: No. You can get the Max
reports.

MEMBER VEINER It is outlined in the Max
reports. This is not to say that there aren't --
there isn't controversy over it.

" mconfused as to why you sel ected certain
paraneters. Wiy a 20-year fire, for exanple? |'m
just -- you know, why not, if you're going to do 20
years, why not 10 or 100 or what?

DR BJORKMAN: The actual selection of the
-- the 20 years has to do with a block event. The
actual fire duration was fromthe aircraft fuel,
whi ch was a three-hour fire.

MEMBER VEI NER: So that was based on the
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aircraft fuel.

DR. BJORKMAN. Right. The aircraft fuel
was the basis for the fire, and even that was | onger
than it probably should have been. But, again, it
was nore extrene than it had to be, but it showed
that there were no possible breaches of either the
mul ti - purpose canister or the fuel for a rather
severe fire.

MEMBER VWEI NER:  And |'m curious as to,
since there was a degree of uncertainty in your input
paraneters, sonmetines nore, sonetinmes |ess, as to why
you didn't use distributions and sanple on them
nmean, it seens to ne you could have said the val ue of
paraneter X is between A and B, and | will assune a
certain kind of distribution, or ny data | ooks |ike
a certain kind of distribution. Wy so many point
val ues? Wiy not use distributions?

DR. BJORKMAN:. | think that, for exanple,
the -- you know, the exanple of the fire, | didn't --
| didn't do the analysis, but | know that
conmputationally, if you' re going to start to use
di stributions around -- you know, you're going to
have to use distributions around the materi al
properties, you know, obviously, the inputs, the

fire, the duration. You would have to use changes in



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

245

t he neshing schene for the nodel. That's a variable
that has to do with our know edge as opposed to a

randomvari able. So there would be so many things to

vary.

So here, rather, point estinates were made,
and one then | ooks at the result and one says, "If |
had begun to chose -- or choose distributions based

on all of these paraneters, how different a result
could I get? And what would be the probability that
| could even achieve that result of, say, cladding
failures or MPC breach?"

And based wupon these point estimte
anal ysis, what it looks like is that even with
accounting for distributions for all of these
paraneters, we couldn't get to the point where even
the worst conbinations could get us to a failure.
And that's really what these point estinmate problens
begin to show us.

MEMBER VEI NER: | can understand that when
you don't get to a failure. But you do have a case
where you do get to a failure. And you don't have to
di stribute everything. |In fact, you could have
sinply given the range and reported this as an error
bar. And I'ma little bit concerned -- |I'm concerned

about reading a report like this where there is a
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single nunber -- this many |latent cancer fatalities
per year.

| mean, it seenms to me at the very | east
with all of the uncertainties in the paraneters you
used there should be a range reported.

VB. M TCHELL: W did look at a
sensitivity. |If you |ook at the appendi x, |'m not
sure that it was actually carried forward into the
executive sunmary or the main body of the report, but
t he appendi x we did consider the value of the source
term So there was what we called the higher source
term which is the nunber that goes into the two
times 10°*, and then used the lower value -- a | ower
value of the source term for the particulates in
CRUD.

MEMBER VEINER: | see. I'mgoing to --

MR RUBIN 1'dlike togive alittle
perspective to answer your question. M nane is Al an
Rubin with the staff. | had been involved with the
study early on when this got started. There was a
lot of different analysis going over time on this
report. The initial scope was to do sort of a
scopi ng study, prelimnary pilot study, and then | ook
to see where you're getting sone dom nant

contributors and do a nore refined detail ed anal ysis
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of those dom nant contri butors.

W did that, and you see the results. The
risks are extrenmely low. To expend staff resources
on doing nore refined detailed analysis for very | ow
ri sk was sonething we had to wei gh based on ot her
priorities. And that was kind of a -- sort of an
overal | decision, where we were going to spend the
resour ces.

W also, in light of earlier studies, had
pi cked sone paraneters that were nuch nore
conservative and canme up with sone results earlier
We had much | onger duration fires, for exanple, that
were assuned in earlier draft studies. And even in
t hose cases, with our sensitivity study, the risk was
still extrenmely low. W have refined the anal ysis.
W had shorter duration fires that were nore
realistic but still somewhat a little conservative
maybe, and each tinme we did that we got |ower risks.

So to spend nore resources, detailed
sensitivity studies -- you m ght change the order of
magnitude a little bit, but you're still so |ow
beyond other risks that we see normally in reactor
studies that it was felt that it was not the nost
prudent thing to do. So --

MEMBER VEI NER: Thank you for that. Staff?
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Antoni o or --

MR DIAS: |'ve got a very quick question
| understand this is site-specific, but what really
caught my eyes was the fact that, you know, the whole
transfer process has to follow a very specific path.
Is this really sonething that utilities will, you
know, follow w thout ever, ever nmking any change?
| would al ways expect there is always sonething on
the way and all of a sudden, you know, they have to
nove it to one side or the other.

And how woul d that af fect your cal cul ati on?
Your calculation always assunes that it's either a
beam or a concrete wall underneath the path that the
transfer cask is following. |If that was not the case

MR. JENKINS: Well, ny understanding is
that this process, this noving the cask, is a very
del i berate, very slow --

MR DI AS: Yes.

MR. JENKINS: -- paint drying kind of
process to observe. And the licensee is very
deliberate in following every step of the process.
kay? So --

MR. DIAS: This is not something that is in

any tech specs. | nean, it's just -- it's there --
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DR. BJORKMAN:. Actually, what it is is --

and this all --

MEMBER WEINER: Please talk into the
m cr ophone.

DR. BJORKMAN. Ch, I'msorry.

MEMBER WEI NER:  Ckay.

DR. BJORKMAN: This is really something
that evol ved out of the NRC s docunent, NUREG 0612,
on the control of heavy | oads back in the early ' 80s.
And what plants have done because of that is they
have basically had to do several things.

Nunber one, they have to evaluate the
consequences of a drop, if they do not use a single
failure-proof crane. |f they have a single failure-
proof crane, they're not required to evaluate the
consequences of a drop as far as plant operations are
concerned and safe shutdown of the plant, etcetera.

When they do not have a single failure-
proof crane, the rigor with which they have to
prescribe a load path is very constrained. |n other
wor ds, they have actual markings on the floor. They
get to a certain point, they have certain checks,
they have to be no nore than six inches above the
floor at this point when they start to transport.

The rate at which they can nove across the floor is
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deternmined, so there are basic procedures that they
nmust follow for the control of their heavy | oads.

And, you know, |'ve been away fromthis for
a long, long time, and got involved in the origina
anal yses for drops into the reactor and other kinds
of things. But | have not, in fact, witten one of
t hese procedures nyself, but | know that they are
required to have these procedures, yes.

MR. DIAS: Ckay. Thank you.

MEMBER VEI NER: Are there any ot her
guestions? Anyone? Hearing none, we are at the tine
for a break, and we will conme back at quarter past
3: 00.

(Wher eupon, t he proceedi ngs in t he

foregoing matter went off the record at

3:01 p.m, and went back on the record at

3:15 p.m)

CHAI RVAN RYAN: |If we could cone back to
order, please. Pl ease take your seats.

MEMBER VEI NER: Qur next presentation wll
be from EPRI, Probabilistic Ri sk Assessnment of a
Bolted Dry Spent Fuel Storage Cask Revisited. And
the presenter is Ken Canavan. Have | pronounced it
correctly?

MR. CANAVAN: That's correct.
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MEMBER VEINER: It's all yours.

MR. CANAVAN. Thank you very much. Wl cone
to the last --

MEMBER VWEI NER:  While M. Canavan is
getting wired up, he is the Senior Project Mnager
for EPRI, and his nmain area of technical expertiseis
risk technology. His experience includes unique
applications of risk technology including nuclear
power and the aerospace industry.

MR CANAVAN.  Well, welcone to the |ast
presentation of the |last day of the ACNWneeting. |
guess | wll be challenged to both inform and
entertain you. |1'Il try and keep it brief.

Prior tojoining EPRI -- alittle pertinent
background for you, prior to joining EPRI | was
enpl oyed by Data Systens and Sol uti ons as Manager of
Ri sk Technol ogy there as well, and we were contracted
by EPRI to performthe first and second version of
this report. So | can't really disclaimmuch of what
is in between those pages in that first | was the
principal investigator, and then | joined EPR and
becane the project manager.

So it's a little bit hard, but | wll
mention that we're going to tal k about both versions

of the report. W're going to focus on the revised
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version; hence, the title "Revisited." The first
version was done in 2002 and conpleted in 2003.

And as a result of review and coments
received on that report, another version of that
report was generated to address sone of the
conservatisns in the study, and that was published in
Decenber of 2004. So a little bit of this was me
| ooking back at sone of the older materials and
preparing for this presentation.

Qur outline was to first go through sonme of
our goals. W'IlIl have sone slides on nethodol ogy
overview. There aren't too many, and they aren't
that detailed. W'IlIl talk alittle bit about the
Phase 1 study, the Phase 2 study, show you a little
bit about the results, and tal k about sone of the
concl usions and what the industry and EPRI sees as
the future uses of cask PRA type technol ogy.

Well, our goals in devel oping the spent
fuel cask PRA were to devel op a bolted cask PRA based
on transnucl ear cask. W knew at the tinme that the
NRC was enbar ki ng on doi ng a wel ded cask study, so we
t hought we would | ook at anot her vendor, to
collaborate with the NRC in sonme of their work,
better understand the ri sk and consequences of onsite

dry cask storage, and to develop sonme risk insights
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regarding the dominant contributors and potenti al
cost reductions of cask handling and dry fuel
st or age.

And the last part, which is in bold, it's
the nore inportant part of what we were | ooking at as
an industry, which was to develop the tools required
to support a risk-informed franmework in the area of
onsite spent fuel cask handling, it says
transportation. That's probably nore appropriately
transfer and storage.

As you saw earlier, we're dealing here with
the sane basic risk equation. Risk is frequency
ti mes consequence. W' re answering our three basic
ri sk questions. Wat can go wong? How likely is
it? And what are the consequences of what goes
wrong?

For the dry spent fuel storage, the risk
problemis, again, divided into three phases. Now,
the reason why we divide it into three phases is
because sonme of these questions differ anong phases.
What can go wrong? mght be different in the case of
| oading or transfer than it is in storage. How
likely isit? is certainly different. And certainly,
t he consequences can vary as well. So the reason for

the three phrases is slightly different answers to
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the sane type of questions.

In the area of dry fuel storage, risk is
calculated very simlar to standard probabilistic
ri sk assessnent. And it's using conmonly used terns
and procedures that are used in the operating nucl ear
plants. That makes sense since nost of the people
who work on these studies are taken fromthat area of
expertise and sinply work on the cask part.

So our elenments tend to be the sane. W go
through an initiating event analysis, a data
anal ysis, a human action analysis. W |ook at sone
success criteria, as you heard of before. It's a
little bit different when we tal k about casks.

Qur success criteriais structural analysis
and thermal hydraulic analysis, which isn't really
typical in an operating plant, although the thermal
hydraulics is, the accident sequence anal ysis, and
t hen some work on consequences.

Qur scope -- sone of the itens that are not
in scope -- acts of sabotage and terrorism Those
are actually covered by other progranms. The RAM cap
process is a process that's applied to both operating
facilities and spent fuel storage, so that's a risk-
based approach to | ooking at dry fuel storage.

W don't | ook at danage to the nucl ear
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facility. Again, in nost cases, this is handl ed by
anot her analysis, which is one of the nmjor reasons
why it doesn't appear here. For exanple, it mght be
handled in the -- either the PRA or other analysis
such as the fuel handling and fuel |oad drop anal ysis
and accidents work that's done at the nucl ear
facility.

We don't | ook at worker risk. |'mnot sure
why we don't | ook at worker risk, but it's pretty
typical. As a former worker, I'ma little concerned
about that, but --

(Laughter.)

-- worker risk is typically not included
within the scope of risk analysis. W're really
| ooking at public risk, and it's because our netrics
are the safety goals, which is public risk.

And, last, we don't |ook at transportation
tothe final repository. Again, there is quite a bit
of analysis in this area that's being done and bei ng
performed as we speak. So this is covered under
anot her type anal ysi s.

Events that are in scope. GCkay. W |ook
at the design basis accidents, and we | ook at the
beyond design basis accidents. W |ook at events

resulting fromthe handling, which would be onsite
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transfer and the storage, and we | ook at all types of
external events, including seismc fires, high w nds,
fl oors, nearby facility accidents, pipelines,
aircrafts, and others. And the list includes such
things as even neteorites, so it's pretty -- it's a
pretty big |ist.

kay. In the case of the bolted cask
design, we were very careful to make sure that we
were performng a realistic estinate of the frequency
of occurrence as well as the consequences. And as
such, nost of the work represents what | would cal
average cask risk. It's average enrichnment, average
bur nup, and average fuel age.

To give you an exanpl e, just one exanpl e of
the many as you go through the study, a burnup of
zero to 25 negawatt days per kilogram of uraniumis
probably about an eight percent strain. |[If you |ook
at 25 to about 50, you're looking at a failure at
about four percent strain. |If you |ook at itens that
are greater than maybe 55 negawatt days per kil ogram
of uranium you're | ooking at failures in the area of
the strains of one percent.

So when we | ook at the fuel failing within
the bolted cask, we're |ooking at failures around

four percent, because that's an average for the
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current fuel inventories. Recognizing that reactors
are runni ng | onger and hi gher burnups, in the future
casks may be | oaded with hi gher burnup fuel. But for
now a good average is the average burnup in the range
of 25 to 45 negawatt days per kil ogram of urani um

There are several nore exanples where we
strictly look at average risk. They are noted
t hroughout the report.

I included sonme sel ected highlights and t he
nmet hodol ogi es enpl oyed, because | thought it m ght be
interesting, even to non-PRA type people. That was
our initiating events.

W | ooked at a conbi nation of generic lists
to get to our generic list of initiating events, but
we went a little bit beyond that and did a naster
| ogi ¢ di agram approach, which is a fault tree type --
tree type structure where you go through and you | ook
at what different things can happen to fail different
barriers of consideration -- so, for exanple, fai
the fuel and fail the cask boundari es.

The frequency of cask drops was cal cul at ed
from a fault tree of a typical nuclear power
operating nuclear facility refueling building crane.
So we took the crane, we divided it down into its

pi eceparts, assessed failure nodes and effects and
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anal ysis, and developed a fault tree style approach
to assessing that drop. Then, we used that fault
tree to assess the various kinds of drops that we
coul d have in our analysis.

We did | ook at the potential for m sl oading
fuel, so there is sone hunman action type analysis
that was perforned. Sonme nore sel ected highlights of
our nethods enployed in the case, the structural
analysis for our success criteria. W use a
fragility approach.

That approach is significantly different
fromthe finite el ement anal ysis that was enpl oyed by
the staff. |In the fragility analysis approach, we
wer e | ucky enough to get a hold of some of the design
basis cal culations for use in this report.

I n each desi gn basis cal cul ati on we renpved
the margins of safety that are typically added in
those type of design basis calculations, including
mar gi ns of safety on nmaterials, nmargins of safety on
any of the structural paraneters, and created
basically a new structural capacity for the cask
based on a nedi an set of properties.

Then, we | ooked at accel erati on dependent
on target hardness. So there was some previous work

done on how hard or soft a target is, and what the
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acceleration is. And they tell me | should continue
to use acceleration, although | always feel it's
decel erati on when you're dropped. But the
acceleration that -- the fuel experience is very
dependent on whether the target is hard or soft.

So if you' re | ooki ng at an asphalt roadway,
or you're |ooking at a conpacted gravel roadway,
versus sonmething that is 10 feet of steel reinforced
concrete, there's a significant difference in the
energy that the fuel will see.

So using a conmbined of these two we can
calculate -- we can use the fragility approach,
develop a fragility curve, and calculate a
probability of the cask value for the different
surfaces it won't |and on.

Again, for thermal hydraulic analysis, we
assume average fuel, average burnup, average decay
heat, average storage tines.

Acci dent sequence and consequence anal ysi s
-- in our case, we assume there are two fuel pins now
for all acceleration events. There is a nice witeup
in the report that tal ks about where that information
was derived from It was derived from previously
done work by Sandia where they did a crash into a

non-yi el ding surface, where the fuel experienced
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about 100g.

W took that and on the basis of how nany
fuel pins failed we recal cul ated those nunbers back
to what we thought the fuel would see for the work
that we did, given average burnups.

Initially, in Phase 1 of the study, which
was the initial study, we didn't nodel building --
buildings mtigating rel ease. So we didn't nodel --
we took it as the refueling building didn't exist.
There was a really good reason for that when we did
that, but we decided in the future phases to include
the HVAC systens that are designed to mtigate
rel eases in the refueling building in the analysis.

Initially, we had assuned a ground-|evel
release. In the first study, we renoved that as well
and assuned elevated releases where appropriate.
And, last, we |looked at sone source ternms --
conservative source term treatnent. That was in
Phase 1, and we | ooked at renoving that in Phase 2.

W'll talk alittle bit about -- nore about
that later. But before we nove too far along, a
coupl e of nmore interesting highlights that haven't --
well, let's see if they appear on the next slide.
Yes. | will say that both Phase 1 and Phase 2

studies rely significantly on literature that was
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avai |l abl e and published to the team

So aside from nyself there were different
people involved at different times in the study,
approximately four to five engineers, all with a
speci fic background and a specific item Sone had
human action analysis experience. W had a
struct ural gentleman involved wth structura
analysis and a gentleman who did the thernal
hydraul i cs work, myself as the acci dent sequence | ead
and principal investigator.

But each of us brought to bear a | ot of the
previ ous work that was done by Sandia, and others, to
support sone of the work that was done here. But we
did study -- in Phase 1 we | ooked at a bolted cask
design. It was perfornmed at a representative BWR
That's a really nice way of saying this is a generic
study, non-site specific.

The NRC was a specific study done on a
specific plant, and we're generic in that no
particular sites nodeled, although you'll see
significant reflections of both the P and a BWR
layout init. And they mght look a little bit |ike
Prairie Island and Peach Bottom That's where the
t eam went and observed a cask novenent, but yet still

no particul ar sites nodel ed.
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Where required, you assunme location is the
Eastern United States. Wien | say that, what | nean
is when you | ook at wind hazard or you | ook at
seismi c hazard, it's very nice to be able to have a
site so you can go get a fragility curve, so -- or go
get a wind speed -- informati on wi nd speed. So where
it was required to get these itens they are either
extrapolated to an Eastern U S. site or they are
actually from that Eastern European -- Eastern U S
site.

Sone hazards had to be assuned -- natura
gas pipeline explosion. The plants that we visited
did not have a natural gas pipeline |ocated nearby,
but we chose to include a natural gas pipeline in our
generi c study.

You mi ght ask why. The reason why we did
that is because we were trying to nake the study
generic enough that if sonmeone wanted to take the
generic study and nake a pl ant-specific study out of
it, that they could see how all of the hazards were
handl ed within the study, and they coul d deci de,
"Well, | don't have a natural gas pipeline." It's
much easier to renove it than it is to -- for themto
go figure out howto include it. So we showed them

howto include it, and if they need to renove it they
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can.

And | already nentioned that the genera
| ayout is based on Prairie Island and Peach Bottom
There are quite a fewother little things that cone
in now and then based on a generic site. For
exanple, we don't really know how the site is laid
out with respect to nearby airports. So our aircraft
crash is based on flyover only.

I f you have a specific site, you m ght | ook
around and find out that three sides of the |ISFS
can't be approach by plane. W didn't have a
specific site, so you can approach it fromall four
whi ch woul d probably be pretty rare for nost nucl ear
power pl ant s.

As with all PRAs, we need to perform sone
sinplifying assunptions in order to make the anal ysi s
tractable, to be able to performit. One of those is
that word "generic study." Cask |oading was assuned
to be a two-step process. | won't go into too much
detail on cask |oading, but with bolted casks it's a
little bit different inthat the lid is put on before
the cask is physically renmoved fromthe fuel pool.

So it's subnerged, the lid is put on, the
cask is lifted as it breaks the surface of the water.

Sonmebody clinbs on top and screws down four of the
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bolts hand-tight. Then the water is punped out via
the drain as the cask is lifted. You don't want to
lift it out of the water. You drop bel ow tech specs
and the fuel pool water level. So as soneone
mentioned wearlier, the ink-drying thing, that's
actual ly exciting conpared to the canpaign | saw.

(Laughter.)

So they basically nove it two inches, two
to six inches out of the water, punp sonme water out,
nove it another two to six inches, punp sone water
out. They're concerned about fuel pool |evel.

When that's all done, they decon and then
nove it. Wile it's still suspended, they decon it
and nove it over to a preparation area where it's
deconned further, it's fully evacuated out, dried,
fill gas is put in, the remai nder of the bolts are
tightened, and then it's ready to go outside.

In that interim let's assune that they
have put it down. They need to pick it back up.
Putti ng down and pi cking up nakes a difference to our
fault tree and our cal cul ated probabilities. So
we' re assuming two steps.

Accel eration-rel ated events -- drops -- are
al ways assunmed to fail two fuel pins, not all the

fuel pins. That's the subject of some debate because
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of the stress and strains cal cul at ed.

Hori zontal drops wthin the refueling
bui | di ng, and actually even outside, were assigned --
were a high epistem c uncertainty, and, therefore, a
hi gher probability of cask value. GCkay. N ce big
word -- epistemc uncertainty. Al the PRA guys can
shake their hands.

Epi stem ¢ uncertainty is the sequence of
events. Uncertainty of the sequence of events. For
exanpl e, you drop the cask sideways, what wll it
hit? Wiat will it land on? Wen we were | ooking at
hori zontal drops within the refueling building, we
had assumed that intervening wall underneath the
cask, and that intervening wall would create
stiffness. That stiffness on a horizontal drop could
be problematic in that it was on a snmall area and
focused all of the energy, for exanple, worst case
m dl i ne of the cask.

So we assigned a pretty high epistemc
uncertainty in this part of the analysis to that
probability that we don't know exactly what's --
we're dealing with a generic study. W don't know
exactly what's underneath when we drop it. W don't
know what they've left in the novenment path of the

cask. So we were a little concerned of what it m ght
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hit.

And as a result of using a higher
uncertainty that broadens our 5ths and 95t hs
percentiles of the curve, and nekes the nean nove
higher. So if you have | ess uncertainty, with the
same parameters you woul d have a | ower nean val ue.

Buil ding mtigation and potential doses was
not nodeled. This was because it was not initially
nodel ed in Phase 1. This was because we knew of one
utility that did sone handling outside. And,
therefore, we assuned imediately that, well, we
shoul dn't nodel building mtigation. W'Ill talk a
little bit nore about that when | get to Phase 2.

G ound |level doses were also assuned.
Again, if you're not going to nodel building
mtigation, you're probably close to the ground.
Limting weather conditions were assuned.

And | -- for reference | provided the EPR
report nunber that was conpleted in 2003. Let's see
if you have a nicer |aser pointer than nme. Ckay.
You do.

kay. So Phase 1 was conpl eted in Decemnber
of 2003, approximately a year after it was started.
Phase 2 was begun shortly after that, and it had a

slightly different set of goals and objectives. The
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first one was to reduce some of the conservatives in
the Phase 1 study. Lower, nore realistic assessnent
of spent fuel cask risk was desirable, and we wanted
to make sure that we had a better conparison with the
NRC PRA when it was conpleted, a nore flexible tool
for risk-informng regulations and informng the
public, and a reduced potential for msinterpretation
of the results.

In other words, we didn't want to cone out
with sonething and then be saying, "Wll, that's
actually a little bit higher than it should be." So
we went and did the update, which was conpleted in
Novenber of 2004. The update was to revise the cask
drop probabilities fromNUREG 0612 to i ncorporate the
| essons learned and itens in NUREG 1774, to
reeval uate some of the uncertainties, specifically
the one concerned with the horizontal epistemc
uncertainty of the cask.

W wanted to evaluate additional source
terms. We initially 1SG5, which was not intended
for use in PRAs. W subsequently changed that. W
revised assunptions associated with mtigation of
rel eases and aerosol deposition and buil di ng HVAC.
So we went and said, "If you're handling a building,

here's a fault tree of a typical HVAC system \at's
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its availability, and how nmuch mtigation would it
provi de?"

W considered elevated pathways for
rel eases from the buildings. W investigated the
i mpact of alternative, nore realistic weather
conditions. Qur initial analysis has pretty nuch
just the right wind speed that if someone were
standing in the plunme that they got the naxinmm
anmount of dose that they could receive. They stood
there an awful long tine, too.

So we investigated alternative, nor e
realistic weather conditions. W investigated -- we
wanted to do a couple of other things, which was
i nvestigate intact versus damaged fuel rods. You
know, we have tight cracks and pinholes which are
generally classified as non-damaged currently and
| arger defects. And we assuned initially that the
fuel that was put into the cask was non-danaged, and
that, therefore, took conpletely intact which is not
al ways the case.

And | ast was to assess the conservatisns in
the storage phase, and | ook at, you know, 20-year
duration, know ng that someone mght sinply take the
year -- if you give thema yearly risk, soneone m ght

just take it and sinply nultiple by 20. Since we
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were a little conservative, because the nunber was
| ow, but you start nmultiplying the conservatisns by
20 and they start addi ng up.

Unfortunately, Itens 7 and 8 were not
eval uated i n Phase 2.

| shoul d have nentioned earlier, but it was
mentioned in the | ast presentation, that our results
are in ternms of latent -- both pronpt and | atent
cancer fatalities per cask per year. And in the area
of pronpt fatalities we have 0.0. The reason why
these netrics are chosen is -- again, is because they
are very typical of online risk

And if you start looking at a site and
saying, "Well, | want to know what the risk of
operation is, the risk of shutdown, the risk of spent
fuel storage," you need common netrics. This is a
pretty typical netric. So we wanted to stay true to
the netrics at least that are typically used.

And you'll notice these are the Phase 1
results and these are the Phase 2 results. The
bi ggest thing to note is that we have a factor of
62-1/2 reduction from Phase 1 to Phase 2. But even
Phase 1 had a very |low value -- 3.5E*' per cask per
year is a substantially |ow nunber. Most of that

came fromthe | oadi ng phase.
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If you | ook, here is the | oadi ng phase with
a significant fraction, basically 80 percent of the
risk. Then, if you |ook at the storage phase, we had
about 12 percent of the risk with this absolute
value. And then, the transfer phase nade up the
remai ni ng ei ght percent.

Wen we took a l|ook at some of those
conservative assunptions that we had, Phase 2 cane
out and said, okay, well, we're still at zero pronpt
fatalities, but the total cancer fatalities go from
3.5E"™ per year to 5.6E" per year. And if you'l
notice, one interesting thing happens.

This is now the | oading phase, as opposed
tothat. So there's a -- nost of the reduction takes
place in the cask |oading phase. and if you think
about it nobst of our conservatisns were related to
the cask | oadi ng phase, right? They were buil ding
mtigation ground-|evel releases and the horizontal
epi stemic uncertainty. So that gave us a very
different picture of the risk and said, "Hey, you
know, cask loading is still a significant fraction
though. | don't want to throwit away." [It's stil
11 percent, but it dropped significantly.

Storage canme up and transportation -- the

transfer al so becones a | arger fraction, although all
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of the absolute values are a little bit |ower.

kay. Let's talk about some sequences. In
Phase 1, on the left-hand side of this graph, is the
Phase 1 of the project results, and on the right-hand
side it's Phase 2. And if you look, initially Phase
1, nunber one accident sequence -- if thisis hardto
read, it should be decent to read in your handouts
hopefully -- that's the on-edge or horizontal drop.
And it says -- easy to read on ny screen. It says
during loading. That's what in the brackets. That's
t he | oadi ng phase.

Then, we have the refueling building
failure, another horizontal drop, but this is during
transfer. These two are a function of the |arger
uncertainty that we've spoken about. The next one is
heavy | oads exceed the structural limt. This is a
first year only. 1It's a function of the assuned
frequency of the high winds. So dependent on
| ocati on.

And again, this one, which is the high
tenperature, is assuned a function of the distance
fromsone of the fixed hazards. So a gas line -- you
know, we assunmed a gas line. There are several
others that contribute, but they're all the result of

assunptions of this generic site. And the |ast one
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is the high tenperature fire during transfer.

kay. |In the second one, the top sequence
is the high tenperature fire during transfer. So
this one right down here is now here. And then,
heavy |oads exceeding structural limt, the high
tenperature -- tenperature and forces during storage,
that's the assuned hazards.

The on-edge drop during transfer, the
refueling building failure, which is both random and
seism cally induced, and then the | ast, cask i npacted
by mssiles. And | can give you some details on each
one of those initiating events. | wote it down, so
I'"d get themright.

In this case, this high tenperature fire
during transfer is a transporter fire. W all know
t hat occasionally vehicles catch fire. In this case,
one of the transporters we were | ooking at had very
| arge wheels. They were rubber. Rubber burns nice
and hot and for a long tine.

Sonme of the other transporters we knew were
tracked, but in this particular case we noticed this
one. W did note it in the conbustible | oading, that
this was a function of the type and size of a
vehicle. If you |look at a tracked vehicle, this

nunber m ght be significantly different.
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Heavy | oads exceeding the structural limt
-- this is floods, tsunams, wind, seismc. This
high tenperature force during storage is the fixed
and non-fixed transient sources. The on-edge drop
during transfer 1is the horizontal drop. The
refueling building failure we spoke about is the
seismc and the randomfailures. And the |last one is
actually mssiles, which are wnd, flood, and a
neteorite is | believe included in that list.

Let's tal k about sonme concl usions. The
Phase 1 project conclusions was that there's a pretty
low risk for the bolted design dry fuel storage
systens. W felt that in general it mght apply to
all design systens. |It's driven by a relatively
smal | nunber of key assunptions as well as site-
specific hazards. So if you should happen to be
sitting next to a liquid natural gas plant, you m ght
have a different set of site-specific hazards, but in
general it's a very | ow nunber

The use of a risk-informed approach coul d
achi eve both cost and safety benefits. So we cane to
t he conclusion that a risk-infornmed approach coul d be
beneficial in this area.

So then we did Phase 2, and we confirned

the lowrisk for the bolted design and even found
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some areas that could be inproved upon. W showed
that the risk is, again, still driven by a snall
nunber of assunptions in plant specifics, although we
think that plant specifics are nore related to
seismcity and weather than they are to near site
facilities.

We thought additional analysis was only
warranted if the cost benefit could be justified
t hrough a burden reduction. At this point, the risk
is so |ow when conpared to the operating risks, if
you consider the site as a whole, putting noney into
doing additional analysis or naking this generic
analysis plant-specific is not really warranted
unl ess you can justify it on a beneficial basis.

The use of the risk-infornmed approach to
dry fuel storage, though, could achieve, if used
correctly, both cost and safety benefits.

So what are sone of the future uses of the
cask technol ogy? Well, to inprove public perception
of spent fuel storage options. Cask storage is a
very low risk activity. There were sone other
things. Going through the literature, naybe you | ook
at performng a risk tradeoff of analysis between
repairing versus just leaving it as found.

If something, for exanple, is slightly
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above the design thermal |oading of the cask, you
m ght | ook and say, "Well, you know, it's really not
worth lifting it up, transporting it back inside,
t aki ng out sone fuel assenblies, putting in sone fuel
assenblies,” and retransporting it outside, because
the risk of leaving it as it is versus noving it is
-- it's a better situation to | eave it outside.

Enf or cenent di scretion for di scovered

deficiencies, identify areas for reduced margins in

future cask designs, it is interesting that drop
dom nates sone of these -- sone of the areas of
transport. Dropping is close -- is a function or at
| east partially a function of weight. [If you can

reduce wei ght you m ght reduce situations where drop
is a problem

I dentifying reduced burdens associ ated with
regul atory and environnental requirenents -- so you
m ght be able to increase all owed boundary doses or
reduce inspections, sonmething that was nentioned
earlier. And then, lastly, reviewregulations to
assist in licensing of new storage or expansion of
existing facilities. Again, it's alowrisk
activity, and sonme of the effort that goes into the
licensing of it mght be better served if it was

appl i ed sonewhere el se.
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MEMBER VEI NER:  Thank you very much. W'l

start at the other end with questions. Dr. d arke?

MEMBER CLARKE: | guess just a couple of
things to clarify. The netrics are the same in both
studies, is that correct, or --

MR. CANAVAN. That's correct.

MEMBER CLARKE: If | recall correctly, the
prior study incorporated human factors indirectly
through the data. Do you get into that at all, or --

MR. CANAVAN. We have a separate -- we
i ncor porated hunman actions directly as a function of
human action analysis. So there was actually human
action analysis performance tests. For exanple, we
did | ook at corrosion, and as part of that we | ooked
at the introduction of the wong gas, introduction of
| i qui ds.

W | ooked at the handling procedures that
they use around the cask for those types of itens.
And there was actually human perfornmance anal ysis
done by | ooking at the procedures and the steps in
those procedures and determ ning whether or not
m stakes could be nmade at various steps. And so
there was the specific handling of hunan acti ons.

MEMBER CLARKE: And both of you canme up

with very | ow risks.
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MR. CANAVAN. | neant to point that out.
| had another presentation where | stuck inalittle
bit of slides the simlarities and the differences.
There is a factor of 3.6 difference between the first
year cal culated by the NRC and the EPRI report. And
at this level of resolution, those are identical
nunbers.

Matter of fact, | am anazed that the
nunbers are as cl ose as they are, given the different
designs, given the different approaches that were
taken in several areas. Wile the overal
nmet hodol ogy remains simlar, there's a |lot of things
that go on in the details that can easily affect a
nunber. And 3.6 is spot on. | don't think we could
do it if we tried, and it did happen relatively
i ndependent | y.

And |'d also note that storage is exactly
the same -- 1.9E". That is the sane nunber

MEMBER CLARKE: Thank you.

VMEMBER VEI NER:  Dr. Ryan?

CHAl RVAN RYAN: No additional comments.
Thanks.

MEMBER WEI NER:  Dr. Hi nze?

MEMBER HI NZE: |s your work, especially on

the storage, transferable to the aging pad at Yucca
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Mountain with the proper seismc and neteorol ogi ca
condi tions?

MR. CANAVAN. You're not the first to ask
that question. | believe it is substantially
appl i cable to Yucca Mountain.

MEMBER HI NZE: \When you consi dered sone of
the potential far-out factors, did you -- would you
consi der volcanic ash that has cone from a renote
vol cano as a factor in analysis of the cask?

MR. CANAVAN. The TN bol ted desi gn does not
rely on that, so we did think about it and di sm ssed
it based on it would have to renmain totally covered
for a substantial period of tine.

MEMBER HI NZE: Totally covered.

MR. CANAVAN. Totally covered.

MEMBER HI NZE: Ckay. Very good. | gather
that fromNRC s work and EPRI's work that there is no
difference between a bolted and a wel ded covered
cask?

MR. CANAVAN. Each design has sone
advant ages and has sone di sadvantages. Since | have
never been in the operational aspects of welding a
top on versus bolting a top on, | will say fromthe
ri sk perspective the tradeoffs seem about even.

MEMBER HI NZE: Thank you very nuch
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MEMBER VEI NER:  Why two fuel pins? Wy not

five? Wiy not all of thenf

MR. CANAVAN:. Actually, on page H4, so you
can see | prepared for this --

(Laughter.)

On page H4, Sandia did an anal ysis where
they took a cask wth | think PWR fuel and
accelerated the fuel and had it hit a non-yielding
surface. The fuel inside experienced about 100g.
They had a certain anmount of fuel failures that
occurred in that test.

Wiat we did is we took that test, and we
took the forces that the fuel experienced, and we
translated that to our fuel, which was four percent
-- approximately an average of four percent strain.
And then we | ooked at how many fuel pins do we think
woul d -- based on the stresses that they would see
woul d exceed that strain. And we canme up with a very
smal | fraction, sonething like 2.7E*% W took that
and we nultiplied it by the nunber of pins and cane
up with about two.

MEMBER VEI NER:  You certainly did prepare
for that question.

(Laughter.)

That was very good.
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What went into your particular choice of --
|l et me ask the question the other way, another -- a
nore general question. Did you correspond or
communi cate at all with NRC to have sone conparison
bet ween the two anal yses?

MR. CANAVAN. Well, let's see. Yes. But
t he communi cation was intended to be nore frequent,
but what ended up happening is we had sone early
comuni cation where | did the site drop-in up here.
W shared some -- shared sone early information.
After that, the EPRI schedul e was quite aggressive,
and | was a paid contractor at the tine, paid to neet
schedul e m | estones. And our work quickly got ahead
of the NRC. So at that particular tine we didn't
share much nore, so | do think the efforts are
relatively independent.

MEMBER VEI NER: Does anybody from NRC want
to comment ?

MR RUBIN Yes, let ne cooment. M nane
is Alan Rubin. |1 was involved at the begi nning of
the study where there's initial interactions wth
EPRI, basically the nethodology of identifying
initiating events, and | think there are many
simlarities inthat. W had an early start.

W had initiating events identified. |
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think EPRI had neetings with us, and there was an
intent to share nore information. Because of the
unavailability of the NRC s report to be publicly
avai |l able, that was not -- we couldn't do that. W
limted the neetings to what we could discuss. And
until a public nmeeting such as this, when we could
share docunents and review and conpare, the
interactive discussions were nore |imted.

MEMBER VEI NER: Thank you. Does anybody on
the staff have questions? Antonio?

MR DIAS. It's very interesting the
nunbers cone so cl ose, because you have a boundary
that's about 300 neters, isn't it? Between 100 and
300 neters. That's the boundary for the public that
you assune.

MR. CANAVAN:. Yes, that's correct.

MR DIAS: And | didn't see in your
presentation -- do you go into a very el aborate nodel
for release fractions or not? How did you address
rel ease fraction?

MR. CANAVAN. Yes. There's a pretty
el aborate --

MR. DI AS: Ckay.

MR. CANAVAN:. -- nodel for release

fractions. W don't use the Max code substantially,
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so we're not | ooking at what is the popul ati on around
the site, because we couldn't. So we put our menber
of the public at the site boundary and made hi m stay
there --

MR. DI AS: Ckay.

MR. CANAVAN. -- until the rel ease passed
hi m

MR. DIAS:. Ckay. Thank you.

MEMBER VI NER:  So you basically cal cul ated
the reasonable and maxi nally exposed individual, or
just the site --

MR. CANAVAN. At the site boundary.

MEMBER VEEI NER  Yes.

MR, CANAVAN:  Yes.

MEMBER VEI NER: At the site boundary.

Anyone el se have any conments, questions?
Come up and identify yourself, please.

MR. MALSCH. Yes. Marty Malsch. I1'mwth
a law firm that represents the State of Nevada. |
just had two clarifying questions. One is, did your
PRA include consideration of errors in the
fabrication of the cask or canister?

MR. CANAVAN. A conmmonl y-asked question
Yes, | would say that it does, because when you use

the fragility approach to assessing, for exanple,
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cask drops you assess an average strength of
materials. So you' re |ooking at an average. And
then, uncertainty is applied to that average in terns
of both epistemc uncertainties and randommess
uncertainties.

In the case of randommess uncertainties,
they incorporate things like strength of nmaterials
and ot her properties that coul d be randomt hr oughout .
Could there be a flaw? Could there be a partial
flaw? Could there be a manufacturing problenf? Al
t hose cone together to produce the nean val ue of the
cask. So the short answer to the question is |
believe they're in there.

MR. MALSCH. Ckay. M second question is:
in looking at aircraft crash risks, what kind of
aircraft did you assune, and what did you assume was
the aircraft crash probability? I'mtrying to guess
because your slides say you associ ated the study with
a typical site in the Eastern U S., and | was
guessing what you mght have assuned by way of
aircraft and crash probability, but I wasn't sure.

MR. CANAVAN. | want to be careful and not
m sspeak and give you a probability that I am-- that
| don't know off the top of ny head. But | wll say

it |looked at the random -- the statistics from the
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FAA on random failures per -- the typical random
failures per hundred square niles and | ooked at ratio
in that area and to the approxi nate area of what an

| SFSI normally consists of. It mght have even been
alittle conservative on that, because | think if you
actually do that nunber it's a really small one.

And it was a larger -- for the purposes of
doi ng cask inpacts, it was an extrenely |arge pl ane.
| believe -- and it is cited in the report, |I'mgoing
to say a 757. |It's a big plane, but it -- and the
engine sizes are all there, and the fact that the
hardest parts of the plane are the engi ne shaft and
the wheels. They're all -- that's all accounted for
as well as the fire, a resulting fire. And
conservative bounding analysis is done in a |ot of
t hat case.

MR. MALSCH  Just to point out, you
menti oned earlier that you thought your study was
applicable to Yucca Mountain. Just to point out that
on initial analysis DOE has concluded that the
probability of an aircraft crash at the site -- I'm
not sure what the footprint was, but at the same from
mlitary aircraft associated with a nearby test and
training range, flunked the NRC criterion of 10* per

year .
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So the aircraft crash probability for Yucca
Mountain is likely to be considerably higher than the
typical aircraft crash probability associated with
overflights in Eastern U S

MR. CANAVAN:. Yes, that could be true.

MR. MALSCH  You shoul d be careful about
whether this aspect of your study is directly
appl i cable to Yucca Mountai n.

MR. CANAVAN. Yes. Wen | said it was
directly applicable to Yucca Mouuntain, | would never
assume that the site-specific values were directly
applicable. 1 will say that the study did | ook at
large mlitary aircraft, by the way. It |ooked at

air taxis, large aircraft, and small aircraft. So it

does -- it did |look at the range of our aircraft.
But | wasn't insinuating that all of the
val ues -- for exanple, the study |ooks at a natura

gas line being |located next to this particular |SFSI.
| assume there aren't a lot of natural gas line at
Yucca. So we'd have to | ook at sone of the itens
that are in the study and deci de whet her or not that
they need to be considered for that risk or not.

MR. MALSCH. Ckay. Thank you

MEMBER VEEI NER: |s there anyone el se? Yes?

MR. ABBOIT: H . M nane is Ed Abbott with
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ABZ. If you were talking to a nmenber of the public
about this, would you consider these events credible
froma public health and safety perspective?

MR. CANAVAN. That's a good question. Ed
doesn't renmenber ne, but | worked for GPU many, many
years ago, and we net several tines. | would say
that sone of the -- we took an approach of trying not
to screen. There is the word "screen" used very
rarely in this report. M intent, since it was
generic, was not to screen when we did the anal ysis.
My intent was to be additive.

So when you |l ook at mssiles, we | ooked at

anywhere from w nd-produced nissiles all the way to

a neteorite. | was actually surprised how non-rare
a decent-sized neteorite is, but it's still probably
not -- it mght be on the verge of non-credible. The

i dea would be to add up those hazards, use them as
the initiating event, that being sort of a bounding
val ue, but not conservative because it's cal cul ated
on the individual pieces.

Then, we didn't throw anything out. So if
sonebody suddenly feels that they have a reason for
changi ng the wi nd speed or there -- you know, there's
a neteor shower coming by and it's going to affect

that. They could adjust the values in the study and
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take the generic to specific.

So the short answer to the question is
i ndividual initiators m ght be non-credible. But if
they are, they shouldn't have i npacted the total that
we | ooked at very significantly, because the nore
credi bl e hazards shoul d dom nate.

Did | answer your question, or was that too
much tap danci ng?

MR. ABBOTT: That's okay.

MR. CANAVAN. Ckay.

MEMBER WEINER: Any further questions?
Anyone? Hearing none, I'Il turn the neeting back
over to the Chairman.

CHAI RVAN RYAN:. Thanks very much, and I'd
like to thank all our participants and speakers for
this afternoon session on two very informative
presentations on work done in separate places by
separate people and showing simlar results. It's
al ways interesting to see that.

Wth that, | believe we are at the end of
our agenda for presentations. | think we've got a
brief bit of business for the commttee to discuss,
potential letters for the rest of the day, whether we
will or won't wite them Beyond that, we're

fini shed.
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I want to suggest for fol ks that do want to
participate in the last part that you do that. But
ot her folks that may want to | eave, we'll just take
a short five-mnute break and the reconvene.

(Wher eupon, t he pr oceedi ngs in t he

foregoing matter went off the record at

4:05 p.m and went back on the record at

4:16 p.m)

CHAI RVAN RYAN. Ckay. W're ready to go,
so we'll go on the record.

| think we just need to cover one bit of
busi ness for the end of today's activities, and the
question is: wll we have letters on today's
activities, which would include, first, the advanced
fuel information that we heard in two briefings this
nor ni ng.

VI CE CHAI RMVAN CROFF:  Not vyet.

CHAl RMVAN RYAN:  Not yet.

VI CE CHAI RVAN CROFF: W want to wait for
the Wite Paper.

CHAI RMAN RYAN: And | think with the Wite
Paper under construction by Ray and col | eagues t hat
it's best to integrate that into that Wite Paper.
So, and the information we heard, while very

informative, is generic and early on.
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VI CE CHAI RVAN CRCFF:  Right.

CHAI RVAN RYAN: And that's a good place for
it. GCkay. That's fine.

The standard review plan for waste
determinations -- | think fromyesterday we agreed we
want to nodify the current draft that we read out
| ate yesterday. Right, Alen?

VI CE CHAI RMAN CROFF:  Ri ght.

CHAI RVAN RYAN: And then, the two briefings
this afternoon on the dry cask storage -- first, the
RES presentation, second the EPRI presentation.

MEMBER VEI NER:  What | would |ike people to
do --

CHAI RVAN RYAN: Well, before we ask people
to do stuff, I'mcurious what the letter would focus
on and what we woul d be reporting on the infornmation.

MEMBER VEI NER:  Well, | think we need to
report that we -- on these two studies and the
differences, the simlarities, a nunber of the
questions that we had about -- particularly about the
NRC study, number of the suggestions that were nade
as to howit could be inproved, and | -- if no one
has any coments, then we could just wite a very
general letter. But my guess is, just fromthe

comments that | heard, that everyone has sonme conment



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

290

to make on the letter.

And out of that | would guess we coul d get
sone recommendations. One recomnmendation is that
this was a pilot study. 1'd like to see a final --
a study that is not a pilot study, that is nore
generic.

CHAI RVAN RYAN:  Ji n?

MEMBER CLARKE: | think she's asking us to
send her what we would put into a letter if we wite
a letter. Now, can we take that approach, or do we
have to decide to do --

CHAI RVAN RYAN: Well, | guess |I'mreaching
-- now that it's fresh in our mnds -- and, again,
["l1'l hold my views until the end, but what woul d be
the main conclusion or the main reconmendation, or
where are you leaning? | nean, we had | think a
producti ve di al ogue and understanding what's in the
reports.

But here -- and I'"'mjust offering a
comment. W have two reports, two different
approaches on slightly different but simlar casks
and simlar purposes and endpoints. And in spite of
nmy stunbling through how the risk calculations are
done, just not having as nuch famliarity as |

per haps should, we end up with what by all reckoning
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relative to anything are extrenely | ow probabilities.

So | wonder what it is we're going to say.
And | guess, frankly, | take up the point that was
made by one of our presenters that, does it make
sense that we spend the time, noney, and effort on
such | ow probabilities and refining and fine-tuning?
So I'mchallenging us to think about, does this rise
to the point where we have sonmething terribly
substantive to add?

Now, | think we did have good di al ogue on
per haps things that could be better clarified, better
stated, clearer, crisper definitions, and things
that, like | said, | stunbled through. | just wonder
what it is we're going to report.

MEMBER VEINER: | think one of the things
worth reporting is that there were two quite
di fferent, uncoordi nated approaches, and they cone up
with very simlar risks.

CHAI RVAN RYAN: And very | ow ri sks.

MEMBER VEI NER: And very low risks. And
within -- well within an order of magnitude of each
other, and that | believe is significant, because
this is an area that the public does | ook at.

CHAI RVAN RYAN: And | think if that's the

mai n concl usi on, and then the observation is there
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are a nunber of points discussed, and, you know,
these are listed in the appendix for the benefit of
the authors to consider as they finalize and review
docunents, and so forth, that's about as far as it
goes.

| just want to leave with a little bit
better structure of what we were tal king about here
if we're going to wite a letter.

MEMBER VEI NER:  Fi ne.

MEMBER HINZE: | think, if | mght --
CHAI RVAN RYAN: Bill, please. Yes.
MEMBER HINZE: | think Ruth said the nagic

words there. There's a lot of public interest in
this. And | think it's very inportant. |'mvery

i npressed that they cane up with simlar values with
two different types of canisters, and they are |ow
values. | think this is going to be of interest to
everyone.

CHAI RVAN RYAN:  You know, and one poi nt
that struck me is after | sorted out that all of the
probabilities that I was aski ng about were
conditional, it turns out the real driver is the
frequency of the accident. That's the driver.

MEMBER WEI NER:  And that's --

MEMBER HI NZE: The seismic activity.
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MEMBER VEI NER:  Yes.

CHAI RVAN RYAN: Right. So there's a couple
of things we could observe for the benefit of trying
to translate it into, you know, a different kind of
a sunmary for our own purposes. But that's where |
think the letter ought to go. It's not to say things
ought to be thrown out, or it's not good, or it's
j ust, you know, here are sone interesting
observations from the two sessions, and the one

conclusion is the probability of inpacts are pretty

low. So --
MEMBER HI NZE: Put a positive spin on it.
MEMBER VEEI NER  Yes.
CHAI RVAN RYAN:  Well, | don't think we spin
it either way. | think we sinply say what we
report ed.

Al'l en, any thoughts?

VICE CHAIRMAN CROFF: | think we should
give it a try. The point on the public is public
interest is well taken, and | think there is pretty
clearly an interest on the part of one Conm ssioner,
since he took the time to come down and listen to it
hinself. And | think he -- | think it's worth trying
to put our views down.

CHAI RVAN RYAN. Ckay. All right, good.
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["mjust -- I'"'mglad we focused it up alittle bit to
help Ruth --

MEMBER VEI NER:  Thank you.

CHAI RVAN RYAN: -- shape it up a little bit
nor e

MEMBER VEI NER. May | say one nore thing?
I'd like to have a draft that we can -- that woul d be
final by the August neeting. | think that was your

intent, wasn't it?

CHAI RVAN RYAN: That's up to you.

MEMBER VEINER: So if you're going to send
me comrents, please send themin a tinely fashion.

CHAI RVAN RYAN:  Ckay.

MEMBER WEINER: Oherwise, |I'Il ignore
t hem

CHAI RVAN RYAN:. Ckay. That concl udes our
review of what letter-witing we had not discussed.
Are there any other itens? Hearing none, the neeting
i s adj our ned.

(Wher eupon, at 4:23 p.m, the proceedings

in the foregoing matter were adjourned.)



