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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ + + + +
NRC STAFF MEETI NG
W TH STATE OF NEVADA
AGENCY FOR NUCLEAR PRQJECTS

+ + + + +

THURSDAY,

MAY 8, 2003

+ + + + +

ROCKVI LLE, MARYLAND
+ + + + +
The neeting was held in the Conm ssioner's
Conf erence Room of NRC Headquarters, One Wiite Flint
North, Rockville, Maryland, at 9:00 a.m, M. Wayne
Hodges presi di ng.
PRESENT:
HARCLD ADKI NS, PNNL
CHRI STOPHER S. BAJWA, SFPO
MERRI TT BI RKY, State of Nevada Agency for
Nucl ear Projects

DARRELL DUNN, CNWRA
ANDRE GARABEDI AN, CNVRA
ROBERT J. HALSTEAD, State of Nevada Agency for

Nucl ear Projects
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P-ROGEEDI-NGS
(9:01 a.m)

MR BAJWA: Al right, I think it's tinme
that we get started. Bob, do you have everyone here?

MR, HALSTEAD:. Yes.

MR, BAJWA:  Ckay.

MR. HALSTEAD: Jamie's not going to join
us, right? Yes, we are all here and all of us nowin
One White Flint as opposed to Two White Flint. W were
convening earlier.

MR BAJWA: Al right, well, let's get
started. First of all, 1'd like to wel come everyone
that has cone to this neeting, Bob, yourself and
representatives from the State of Nevada and
consultants as well, nenbers of the public. The
purpose of this nmeeting is to attenpt to clearly
expl ai n the approach and conduct of the anal ysis that
the NRC wundertook in its investigation of the
Bal ti nore Tunnel Fire Event and the inpact this event
coul d have had on a sel ect ed spent fuel transportation
cask.

Bob, obvi ously, you and | have had sever al
di scussi ons on what we want to get out of this neeting
and | think we are agreed as to what we want to get

out of this nmeeting. So we're going to try our best
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to make sure that you all receive what you woul d |i ke
in the way of getting your questions answered.

The first thing 1'd like to do is to do

some i ntroductions. W'Il|l go around the table and do
those and then I'll have a few things to say about
ground rules for this neeting. We'll go quickly

t hrough the agenda and then there are a few other

issues that I'lIl need to nmention before we get to the
presentations. So, we'll start with Wayne.
MR HODGES: |'m Wayne Hodges. |'mthe

Deputy Director for Techni cal Reviewin the Spent Fuel
Project Ofice.

MR, BAJWA: I"m Chris Bajwa. | am a
Therrmal Reviewer in the Spent Fuel Project Ofice.

DR, MGRATTAN: My name is Kevin
MG attan. | work with the National Institute for
St andar ds and Technol ogy.

MR. ADKINS: My name is Harol d Adki ns and
| work for PNNL, Thernmal Analyst.

MR.  GARABEDI AN: My name is Andre
Gar abedi an. I'"'m a Fire Protection Engineer at
Sout hwest Research Institute.

VR, DUNN: Darrell Dunn, Center for
Nucl ear Waste, Regul atory Anal ysis.

MR HALL: Jim Hal |l . ' m a Consultant
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with the State of Nevada.

MR. RESNI KOFF: Marvin Resni koff for the
State of Nevada.

MR. HALSTEAD: Bob Halstead, |I'm a
Transportation Advisor for the State of Nevada's
Agency for Nucl ear Projects.

MR,  MOORE: Ri ck Mbore, Pronghorn (ph)
Engi neering, Consultant for Nevada.

MR. BIRKY: Merritt Birky, Consultant for
the State of Nevada

MR. BAJWA: All right, as you know, this
neeting is being transcribed, so when you do nmake a
statenent, please nmake sure you're speaking clearly
into the mcrophone and that way we make sure that
exactly what you say gets taken down. Just sone
ground rules for the neeting; each of the speakers
that we have presenting today have prepared
presentations ontheir roleinour analysis effort and
t hey' ve provi ded a great deal of detail in the slides
that you have in front of you.

What 1'Il ask is that if you have
questions during a presentation, if they're of a
clarification nature, go ahead and ask them
O herwise | would ask that you would hold nore

detail ed questions till the end of the presentation.
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Each presentation will be foll owed by a question and
answer tinme, soyou'll have tine to ask the questions.
VWhat we'l|l do to make sure that we can facilitate that
is one of the practices we have in our public
neetings, if you have a question that you would |ike
to ask at the end of the presentation, just take your
nane tent and do that. OCkay?

| knowit's only a few of us here but that
way we can meke sure that we get to everyone's
guestion at the end of each presentati on. The nenbers
of the public that have attended today will have a
chance to provi de conments or questions at the end of
t he nmeeting and to be sure that all the questions from
the public are heard and answered, the staff who is
presenting today i s preparedto stay over the allotted
time that we have for the neeting to answer questi ons,
if necessary. To this end, we would ask that the
guestions follow ng the presentations cone only from
the participants seated at the table, and then if the
publ i ¢ has questions on i ndi vi dual presentations, they
hold those until we're done with the neeting.

Al right, what I'd like to do is just
qui ckly run through the agenda. First of all, we'll
have Wayne gi ve sone opening remarks and then | w |

gi ve an overvi ewof the NRC anal ysis effort, what each
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felt and then we'll have any questi ons on the genera
overvi ew. Dr. Kevin McGattan from NIST will talk
about the Howard Street Tunnel Fire Sinulations and
we' | | have questions after that. Andre Garabedi an and
Darrell Dunn will tal k about the Analysis of Rail Car
Conponents Exposed to a Tunnel Fire Environnent and
again we'll have questions.

Depending on tinme, if we feel we need a
break and have tine to take one, we will do that. |
have a feeling we probably will need to take a break
at sone point. Then follow ng the break, we'll have
Harol d Adkins from PNNL talk about the Baltinore
Tunnel Eval uation. That was a cask anal ysi s t hat they
did for us and we' Il have questions on that. And then
finally, we'll have any discussion and conments or
questions from the public. And then that wll
conclude the neeting with sonme closing remarks. So
that is the agenda.

What we're going to al so have i s a parKki ng
ot and the parking lot is to serve for any issues
that are not directly related to what we're trying to
di scuss here or that may involve a very |engthy
di scussion. We'll put those issues inthe parking | ot
for further consideration, if time allows, and in

order for the staff to have a record of those other
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i ssues that have been raised during this neeting.

One of the issues that has been nentioned
i s the Package Performance Study. And obviously there
is somewhat of a link between what we did in the
Baltinore  Tunnel Fire Analysis and —certain
consi derations for the package performance study but
we're not here to directly discuss the package
per f or mance st udy.

Like | said, this neeting wll Dbe
transcribed, so | would ask to that end if when you
speak the first tinme, you just give your nane and
affiliation and that way we'll make sure that we get
that on the record. |In addition, for continuity of
the transcript, it is preferred that if you can hold
your questions till the end, you do that and t hat way
you won't |ose that stream of consciousness, so to
speak, in the transcript when you go back to review
it.

Finally, we do have, for the nmenbers of
the public and for the participants in the neeting,
public nmeeting, feedback forms. They are over there
on the table. You probably got one if you -- when you
cane in. |If youdidn't, please pick one up before you
| eave. You can fill those out and | eave themw th us

or you can fill those out and send themin at a | ater
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time. These forms will give us feedback on how we
conducted the neeting, if you found it was useful or
not useful and it helps us for the future to make
these neetings a little bit better.

So what I'll do nowis, I'll have Wayne
gi ve sone opening remarks and then we'll get on with
t he presentations.

MR, HODGES: "' m Wayne Hodges with the
Spent Fuel Project Ofice. The enphasis for the
analysis that will be described was once the fire
occurred, we had a nunber of questions, some fromthe
Congress, saying what woul d happen to a spent fuel
transportation package inthat fire. The fire was not
i nstrunented unfortunately. Therefore, we don't have
much data. We did followup with the NTSB and their
i nvestigation to |l earn as nuch as we could fromthem

It became cl ear at one point that what we
needed to do if we was going to understand the tine,
tenperature, history of the fire was totry to get an
anal ysi s done that -- because NTSB was not goi ng to be
doi ng that. W -- in discussions with NTSB, we
selected NIST to do this analysis for us, to try to
give us their best estimate of what the fire
conditions were. They used the calibration fromthe

tunnel fire that had been used as a test in a Wst
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Vi rginia Tunnel to benchmark our code. And during the
process of doing the analysis it al so dawned us t hat
it mght be helpful to get sonme independent
corroboration for their calculations since there are
no data and that's when we asked the Center, who has
a nunber of fire experts, if they would take a | ook at
sone sanples fromthe rail cars actually involved in
the fire and see what we could learn from sonme
nmet al | ur gi cal exam nati ons, pai nt exam nations, as far
as tenperatures at various points in the fire as an
i ndependent corroboration of what we were seeing.

So it was done totally independently and
the reports were issued independently and we think,
al though there's not exact agreenent, there is
reasonabl e agreenent between sonme of what the results
show and the cal cul ati ons. So even though there were
no thermal couples in the fire to tell us what
happened, we think what we have is a reasonable
estimate of the fire conditions and we use that then
as a boundary condition for the cash when we did t hose
cal cul ati ons.

So what we believe we've done is as
reasonable an estimate as you can do and an
i ndependent verification as you can do given | ack of

specific data and | think it's a very good anal ysi s.
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And with that, 1'll turn it over to the anal ysts.

MR. BAJWA: |I'mgoingtogointoalittle
bit nore detail about how we structured our anal ysis
approach and to do that, I'm going to nove to the
podi um

MR Bl RKY: Chris, while you're doing
that, Merritt Birky with State of Nevada, can | ask a
question. | see there are video caneras. Are those
on or off?

MR. BAJWA: | believe they're off. This
i s not being video taped.

Ckay, in the interest of trying to keep
this neeting as worki ng | evel as possible, I'mal ready
alittle bit warm so I'mgoing to renove ny jacket.
Anyone el se at the table, feel freeto do that. Wayne
has al ready given a pretty good sunmary of what our
actions were related to the Baltinore Tunnel Fire
Event. We were asked by the Comm ssion to | ook at
t his event and conduct an i nvestigation of it and cone
up with a reasonabl e answer as to howthis event m ght
effect a spent fuel transportation cask.

Qoviously, this is a mgjor concern. The
Bal ti nore Tunnel Fire Event was a severe fire event
and it's sonmething that we felt we had a

responsibility to look at. The first step to this
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approach was t o gat her factual information, as nuch as
we coul d, as nuch as was available fromthe Nationa

Transportation Safety Board. W did neet with them
several tines to discuss details of the accident and
their investigation, | believe, is-- has been w apped
up but they are still in the process of putting
together all the factual reports and then putting out
the final report on the accident.

The other -- the next stepinthe anal ysis
was to nodel the fire that occurred in the Howard
Street Tunnel. We didn't have a |ot of good data,
obvi ously, as Wayne nenti oned, on t he accident fires,
so we decided that nodeling it would be a good
approach to characterizing what it mght have been
like. W wanted to verify that fire nodel with some
of the physical evidence that was avail able fromthe
tunnel and the final step was to analyze the spent
fuel cask response to the fire that we nodel ed.

The fire nodel was done by NI ST using the
firedynam c sinmulator, whichistheir fire simulation
code. Dr. Kevin McGattan will talk about in nore
detail what they did to put that nodel together. The
physi cal evidence from the tunnel was exam ned and
anal yzed by the Center for Nuclear Waste Regul atory

Anal ysis and Andre Garabedian and Darrell Dunn wil |
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tal k about the work that was done there on | ooki ng at
the materials that actually came out of the tunnel.
The thermal anal ysis nodel that was put together for
an actual spent fuel transportation cask was done by
PNNL, Pacific Northwest National Labs, and Harold
Adkins wi Il tal k about the anal ysis nodel that he put
together for that investigation.

Some of the conclusions probably vyou
al ready know because there have been severa
presentations in the past about this particular
anal ysis and sonme of the work that we've done init.
W believe that the analyses that were conpleted
i ncl uded conservati ve and boundi ng assunpti ons and we
wi || obviously, tal k about those in the presentations
today. Qur conclusion on the work -- fromthe work
t hat we' ve done to this point is that exposure of this
particul ar transportationtask tothe Baltinore Tunnel
Fire or a simlar fire would not result in a
radi oactive rel ease to the environnment. That was our
concl usi on.

One of the things that came out of this

anal ysi s was t he robust nature of these types of spent

fuel casks. And nowwe'll have Kevin McGattan speak
and as he's coming up, I'll introduce him Yes, |'m
sorry, I'Il take any questions you have now and t hen
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we' |l bring Kevin up.

MR. BIRKY: Merritt Birky, | have a --
sort of a basic question that perhaps you can answer
ei ther nowor as we progress during the neeting. And
my question is related to the regulation that
specifies the tenperature and duration, the I think
850 C, 30 minutes. And the question is, what is the
rationale for selecting those paraneters as a
regul atory performance of a cask?

MR. HODGES: I think that's an issue
separate from what we're here to discuss. That's
sonet hi ng we can put inthe parking lot and if there's
time at the end, we'll be happy to discuss that, but
the nmeeting today is to discuss the analysis for the
Bal ti nore Tunnel Fire and those results.

MR. BI RKY: Ckay, | accept that. M only
concern is that everything i s benchnmarked to that and
| just want to put that on the record. And |
under st and t hat.

MR. HODGES: This fire was not benchmarked
to that. The analysis -- this analysis was done
i ndependent of that. W're here today to tal k about
the Balti nore Tunnel Fire and the anal ysis and results
for that. To the extent we have tine at the end, 1"l

be happy to talk to you about the regulatory limts
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and how they were arrived at, but that's independent
fromtoday's presentation.

MR, BAJWA:  Yes.

MR. MOORE: Rick Mbore. Chris, is anyone
going to tal k about reconstruction of the events that
led to the accident or is it best to ask you those?

MR, BAJWA: Pr obabl y. Yeah, we didn't
have a specific presentation on reconstruction of
events. That is strictly an NTSB function. What they
did determ ne fromthe i nvestigation that they did was
t hat the derail ment preceded the fire. The derail ment
that occurred in the Howard Street Tunnel happened.
It was 11 out of the 60 cars that were going through
the tunnel at the time that derailed and the fire
started sone tine after the derailnment. So do you
have a specific question about --

MR. MOORE: Yes, is there any information
on the operating speed of the train at the tine of
derail ment ?

MR. BAJWA: Thereis. | believeit was in
t he nei ghborhood of 30 mles per hour but | do not
know that for sure. | can nmake sure | get the right
nunber for you.

MR. MOORE: And is there a speed limt on

t he tunnel ?
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MR BAJWA: That | don't knowfor sure but

Il will find that out for you.

MR. MOORE: The reason |I'm asking those
guestions i s because of the assunption that the cask
would be a certain distance from the fire and
dependi ng upon the speed of the train and the nature
of the derail nent, you coul d have t he accordi on ef f ect
of cars stacking up agai nst each other and endi ng up
with the cask alot closer tothe fire even given that
there was a buffer car.

MR. BAJWA:  Yeah.

MR. MOORE: So that's what |I'mtrying to
get to, whether there's answers by panel nenbers
t oday.

MR. BAJWA: For this particular tunnel,
it's a single rail tunnel and the geonetry actually
will be discussed a little bit later. The actual
geonetry of the tunnel, for this particular tunnel,
woul d prevent that stacking up or accordioning, you
know, accordion effect of cars. You really -- you
al so see on one of the hand-outs the derail nent sketch
that shows the configuration of the cars after the
derailment. So they didn't nove a whole |ot.

MR. MOORE: Right, | recognize that, but

t he anal ysis i s tendi ng to concl ude t he performnce of
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t he cask under fire conditions, and | think we have to
recogni ze that there are doubl e-track tunnel s i n ot her
parts of the country, so it doesn't preclude the
stacki ng up of cars.

MR. BAJWA: In other situations.

MR MOORE: Correct.

MR. HALSTEAD: Yes, | want to clarify one
of the purposes of the neeting for us. Bob Hal stead
for the transcriber. In addition to discussing the
anal ysis of what actually occurred in the tunnel
we're very concerned about what we believe are
unjustifiably sweeping generalizations about the
adequacy of the regulations for a range of fires, a
range of casks that mi ght be involved in rail fires.
| think I'mgoing to save those coments for the end,
but Rick's point about the assunptions about train
dynam cs i s a good exanpl e that there are i ssues both
of what happened in the Baltinore fire and what
assunpti ons we can nake about the way the Baltinore
fireis or is not the maxi mumreasonably foreseeable
accident that we're concerned about for risk
assessment purposes. So |l just wanted to clarify that
in the beginning.

MR, BAJWA: Okay, |I'd like to bring up

Kevi n.
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DR McGRATTAN. Ckay, good norning.

MR. BAJWA: Before Kevin begins, Dr. Kevin
MG attan is a mat hematician at the Building and Fire
Research Laboratory at NI ST, St andards and Technol ogy.
He is a specialist in fire nodeling, conputational
fluid dynam cs and was recently awarded an honorary
menbership in the Society of Fire Protection
Engi neers.

DR. McGRATTAN: Thanks, Chris. One of the
core mssions of ny |aboratory is to develop fire
nodels and these fire nodels are used by fire
protection engi neers for a nunber of purposes. Andin
this first slide, you can see just a snapshot of a few
of the projects that we' ve wor ked on over the years to
gi ve you a sense of what fire nodeling is all about.
W |ook at everything from the basics of fire
dynam cs, single fire in a plunme that you see on the
left, all the way up to very conplicated situations
where you have, for exanple, conmodities of various
types stored in a warehouse. W' ve |ooked at oil
fires on |large tanks, and we've |ooked at speci al
things like for exanple, in the upper right-hand
corner this project was done for the Library of
Congress and they were retrofitting their sprinkler

systemand t hey want ed t o know where t he best | ocation
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for their sprinklers should be. So this just gives
you an idea of the type of work that we do with fire
nodel s.

Now, a little bit of specifics about the
fire dynamcs sinulator in particular. This is a
comput ati onal fl uid dynam cs nodel that has been under
devel opnent for the last 20 years at NIST and in the
| ast four years we have rel eased this nodel into the
public domain. So this nodel is now w dely used by
fire protection engineers bothinthe U S. and around
the world. Now, with all of the projects we work on,
we |ike to make sure that the nodel works. | nean,
theoretically, we're sinply solving the conservation
equati ons of mass nonmentumand ener gy but, of course,
we rmake assunptions and approxi mati ons when we sol ve
t hese equations with the conmputer. So we need to
val i date t hat these assunptions that we' re nmaki ng are
appropriate for the given situation.

So we're constantly running the nodel
agai nst experinments in which nmeasurenents have been
taken. This is just an exanple of a recent set of --
a recent validation exercise that we're doing for our
Wrld Trade Center investigation. Wat you have is
just a box that's roughly 12 feet high, 20 feet |ong

and 12 feet wide with sone holes at either end and a
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large fire in the mddl e, okay, and a vast nunber of
neasurenments were nade not only of the tenperatures,
but heat fluxes to the various objects in the room
nost i nportant of which are the truss hangi ng fromthe
cei ling.

You can see in the lower right-hand
corner, the conparison of the nunerical nodel withthe
experiment and in this case, we get very good
agreement because we knowexactly what the fire source
is. W knowexactly what the geonetry of the roomis.
We know exactly what the fire sizeis. So we verify
here that the nodel works, that our equations are
valid, et cetera.

MR. RESNI KOFF: Chris, excuse ne, could |
just ask you one question of a --

DR. McGRATTAN.  Sure.

MR. RESNI KOFF: -- don't know,
informative nature? Do they actually run a fire test
before they built the Wrld Trade Center? D d they
actually run a nodel ?

DR, McGRATTAN: Before they built the
Wrld Trade Center?

MR. RESNI KOFF: Exactly.

DR. M GRATTAN: | can't say. | don't

recal | .
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Okay, now, when we took on the project
that Chris described this norning, of predicting what
tenperatures were like in the Baltinore Tunne
accident, the first thing we did was we wanted to
val i dat e our nodel with the best set of data avail abl e
involving a tunnel fire. And this data was col |l ected
inthe md-1990's in a decomm ssi oned hi ghway t unnel
in West Virginia. This study was sponsored by the
St at e of Massachusetts because in preparation for the
Big Dig in Boston, they wanted to see what their
ventilation systens in their tunnels were going to --
how t hey were going to performin the event of afire.

So we took this opportunity to use the
data collected in some experinments to validate our
fire nodel for useinthe Howard Street accident. The
tunnel in West Virginia known as the Menorial Tunnel,
isvery simlar in cross sectionto the Howard Street
Tunnel . And the two tests that we were nost
interested in were tests with no ventil ation present.
One test was a 20 negawatt fire and one test was a 50
megawatt fire. And for those of you aren't ready to
think about fire energy output, a 50 negawatt fire
woul d be roughly conparable to a house fire.

Okay, when we conpared our cal cul ations

agai nst the experinmental neasurenments, we got very
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good agreenment. We were within 50 degrees Cel sius of
t he peak tenperatures on both cases, both the 20 and
t he 50 megawatt case. In the case of the 50 negawatt
case, which is a nobre appropriate situation in
conmparing with the Howard Street Tunnel, the peak
tenperatures that they recorded were 800 degrees C or
1500 degrees Fahrenheit.

Ckay, so once we had confirnmed that our
nodel was working well for the West Virginia Tunnel
experinments, we then took our nodel and we applied it
to the Howard Street Tunnel fire and |like I said, the
tunnels are simlar incross-sectional area. However,
the Howard Street Tunnel is |onger but |ess sloped.
The West Virginia Tunnel had a two and a hal f percent
grade. Howard Street Tunnel had about a .8 percent
gr ade.

| think you have a handout whi ch shows t he
basic layout of the train derailnent. Thi s
i nformati on was provi ded to us by the NTSB and we used
as much as we could of the information that they
provided about the accident in setting up our
nunerical cal cul ations, includingthe position of the
rail cars relative to the side walls of the tunnel.
Shown here is just a snapshot of one of the

calculations in which we're assumng a certain poo
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size, that is, we're assumng that the liquid spilled
fromthe tripropylene car fornmed a pool of a given
size, burned, and what you see here in orange would
represent the flamng region and that's all |'m
showi ng at the noment, just the flam ng regi on and t he
red and green objects would represent the rail cars
within the pool. Now, it's inportant in a study |ike
this to vary as nmany of the paraneters as you can
because we sinmply did not know how bi g the pool size
was. We knew how big the hole in the tank car was,
okay, and we coul d esti nate based on t he hol e si ze how
qui ckly the fuel was spilling out. However, because
the floor of the tunnel was filled with track,
bal | ast, several drains, and the tunnel was sl oped,
it's hard to know precisely how big the fire bed or
t he fuel bed was.

So we ran dozens of cal cul ati ons i n which
we varied the size of the fuel bed, the |ocation of
the fire, the properties of the walls, and to sonme
extent the ventilation into the tunnel. Wat you see
here are just a few snapshots of results and keep in
mnd that this is just one set of results. W ran
dozens of calculations and the tenperatures that we
ultimately reportedto the NRCrepresentedthe highest

temperatures that were achieved in the various
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cal cul ati ons.

So the top two slices, these are slices
t hrough the m ddle of the tunnel fromthe ceiling to
the floor. The fire is obviously where you see the
hi gh tenperatures. And in this case, what we noticed
time after tinme in these calculations that in the
begi nning of the cal culations, say the first five or
10 m nutes, when the tunnel has enough oxygen to
sustain arobust fire, we see the hi ghest tenperatures
early on. So these -- the peak tenperatures of 1800
degrees Fahrenheit or 1,000 degrees Centigrade, are
achi eved early oninthese cal cul ati ons and over ti ne,
what happens is the tunnel becones oxygen |imted.

So what happens is because the fresh air
to feed the fire has to come fromthe ends of the
tunnel, the tunnel becones filled with hot gases and
exhaust products fromthe fire, so what eventually
starts happening is the fire starts to be fed by not
fresh air, but air and exhaust products m xed
together. Ckay, that tends to weaken the fire. It
doesn't put the fire out, obviously, but the highest
tenperatures are no | onger achieved after the first
five or 10 m nutes.

You can al so see fromthe | ower pictureif

you | ook at the oxygen concentration, down the m ddl e
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of the tunnel, okay, early on the red color in these
pi ctures represents ambi ent oxygen, 21 percent oxygen
concentration, and over tinme you can see how the
oxygen concentration has been reduced to on the order
of 14 or 15 percent and this is the type of
concentration where fires begin to get under-
venti | at ed.

MR. Bl RKY: For clarification on your
graph --

DR McGRATTAN:  Yes.

MR BIRKY: -- a clarification on this
graph you have shown here, | assune tinme is goi ng down
this plot?

DR. McGRATTAN. Right. For each pair of
snapshots, the first image is fromfive mnutes after
ignition, the second is from 30 mnutes after
ignition. So, you're right, it's five mnutes, 30
m nutes, then five mnutes, 30 mnutes, five m nutes.

MR. BIRKY: This is five m nutes up here?

DR McGRATTAN.  Five m nutes.

MR BIRKY: And this is 30 down here?

DR. McGRATTAN. No, I'msorry. The first
two are tenperature.

MR, BI RKY: Yes.

DR. McGRATTAN. Okay, so the first oneis
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tenperature after five mnutes. The second one is
temperature after 30 minutes. Then going down, the
third one woul d be oxygen after five m nutes and t hen
the fourth on is oxygen after 30 mnutes. And the
range of values for the colors are shown by the bars
on the left and the right.

So t he oxygen concentrations are shown on
the left and the tenperatures on the right.

MR. BIRKY: I'msorry, |I'mconfused. Do
you have a pointer you could point to when you say
this is --

DR, MGRATTAN: kay, this is the
tenperature after five mnutes. This is the
temperature after 30 m nutes. This is the oxygen
concentration after five mnutes. This is the oxygen
concentration after 30 m nutes.

MR. BI RKY: | gotcha.

DR. McGRATTAN. These two bars tell you
what the tenperatures are for these two plots. This
bar here gives you the oxygen concentration for these
two plots. Sorry, it's alittle busy but | tried to
pack it all onto one slide.

Keep in mnd, when we run these
cal cul ati ons, we generate hundreds of pictures |ike

this and this is just a representative sanpl e.
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VR. HAL STEAD: And  just anot her

clarification; thisis basedon-- thisis benchmarked
from the two 15-minutes fires that were done in
1995/ 1996 in Massachusetts?

DR. McGRATTAN: Right, the sane code was
used for these cal cul ati ons as was done for the bench
mar ki ng exerci se.

MR. HALSTEAD:. And has anybody -- have you
or anyone else run any fires |longer than those 15-
m nute fires for benchmarking purposes?

DR. McGRATTAN: Yes, for the -- I'msorry,
for benchmarki ng purposes?

MR. HALSTEAD: For benchmar ki ng pur poses.

DR. McGRATTAN. No, we don't have any --

we don't have any data | onger than 15 m nutes.

MR. HALSTEAD: kay, well, that's an
i mportant point for us to establish here that, in
fact, -- that, in fact, all of your nodeling is based

on a sonmewhat |imted amount of tunnel fire testing,
experimental testing.

DR. McGRATTAN: Right.

MR Bl RKY: May | pursue that just a
little bit? Does that nean the 30-m nute data you
have in this, this particular slide, is basically an

extrapol ation fromthe 20 -- 15-m nute data?
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DR McGRATTAN:  No.

MR BI RKY: No?

DR. McGRATTAN. W sinply used the West
Virginia experinments to insure that our nodel was
wor ki ng properly.

MR BIRKY: For 15 m nutes.

DR. McGRATTAN. Well, we could only say
for 15 m nut es because the data was only col |l ected for
15 m nut es.

MR. Bl RKY: All right, that's what |
wanted to establish, okay.

DR. M GRATTAN: But one of the things
about this type of nodel is that we're essentially
solving the conservation |aws of mass nonmentum and
energy. So we have to make an assunption when we do
our nodeling that we can validate for a certain period
of time, but we're assum ng that the equations, the
| aws of physics are appropriate for all tine.

MR. Bl RKY: But did the Howard Street
Tunnel have oxygen |imtations in their cal cul ations
as well, in the experinments?

DR McGRATTAN: In the experinents, no,
because they tunnel was sloped nore steeply than the
Howard Street Tunnel. \What they found was they had

adequate circulation com ng in fromone side. So they
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had wuni-directional flow comng into the tunnel
t owar ds the upper end. So those fires were not oxygen
['imted.

MR. HODGES: Kevin, this is Wayne Hodges,
just a point of clarification as followup to that
guestion; have you analyzed other fires that were
oxygen limted and conpared an analysis with this
dat a?

DR M GRATTAN: The experinent that |
showed in the beginning for our World Trade Center
i nvestigation, those are oxygenlimtedfires. That's
one of the key issues with the Wrld Trade Center
investigation is the oxygen limtations in the
bui I di ng.

MR. HALSTEAD: While we're on these kind
of issues, let nme throw one nore in. How does FDS
i nput a fuel evaporation rate versus tine, because
that's also inportant to this analysis? \%%
understanding is that you -- that the West Virginia
experiments, you know, you basi cally got to round t hat
by cal cul ating the surface area of the pans that were
used but how significant is that in a case like this
where you're talking about liquid dripping from a
t anker, not knowi ng what happens on the floor of the

tunnel with the coarse nedi a.
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DR. McGRATTAN: In the West Virginia case

we were tol d what the heat rel ease rates were based on
the mass | oss of the fuel so we essentially dialed in
t hose heat rel ease rates in our calculations. In the
case of the Howard Street Tunnel fires, what we didis
we | et the fuel evaporate based no a C ausi us-C apyron
type algorithmin the code. So based on the heat fl ux
to the floor, we would evaporate the fuel naturally.
Now, like | said, we varied the size of
the pool dramatically fromvery small to very |arge
and what we found in the end was that we could only
achi eve about a 50 or 60 negawatt fire in that tunnel
whi ch neans that the fire was oxygen | imted, not fuel
l[imted, soit didn't matter how nuch fuel we punped
intoit. It was only so nuch energy output we could
get based on the anpbunt of oxygen coming into the
tunnel. So we -- that was the one paraneter that we
vari ed the nost because that's sonething that we were
nost uncertain about, the nature of the fuel pool.
Ckay, | just have one slide to finish up.
So inthe end, we found for the dozens of cal cul ati ons
that we perforned for the Howard Street Tunnel fire
acci dent, we found peak tenperatures of 1,000 degrees
C or 1800 degrees Fahrenheit in the flam ng regions,

and by the flamng regions, |'m talking about
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essentially where you see the reds in the pictures on
the top and over the length of a fewrail cars, the
tenperatures were on average 500 degrees C or 900
degrees Fahrenheit. Peak wall tenperatures we saw
were 800 degrees C or 1500 degrees Fahrenheit where
the fire was directly inpinging on the walls. And
el sewhere, we saw tenperatures of on an average 400
degrees C or 750 degrees Fahrenheit.

Now, of course, when | say we saw a
certain tenperature here and a certain tenperature
there, <clearly from the hottest regions, the
t enperatures woul d decrease gradually over distance
but when we averaged t hi ngs out, the 500 Cfor the gas
and the 400 C for the walls were sort of the average
temperatures. And like | said, one of the things that
we spent a lot of time doing was varying the
paranmeters in these cal cul ati ons to nake sure that we
bounded the results in an appropriate way and of
course, for his work, Chris chose the large -- the
hi ghest tenperatures for the cask anal ysis.

Ckay, thank you and I'I| take any further
guestions if you have any. Yeah.

MR. RESNI KOFF: Kevin, | have your nane
right this tinme. | notice that the Center study said

that an air brake valve under the tripropyl ene car
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about 10 neters up wind fromthe fire reached a fused
-- an alumnumalloy -- alumnumiron alloy at 2667
degrees Fahrenheit. How does your study -- is your
study consistent with that tenperature?

DR. McGRATTAN. We didn't see tenperatures
that high in our study and |I'm skeptical that you
coul d achi eve those kinds of tenperatures in a fire
like this. Based on ny fire testing over 10 years,
| ve never seen those high tenperaturesinafiretest
like this one.

MR. RESNI KOFF: Well, let me ask you one
ot her question as a followup. |If the fire were not
oxygen deprived, what would be the maximum
t enper ature?

DR. M GRATTAN: W did sonme followup
calculations after this report in which we sinply
opened up a | arge nunber of holes in the tunnel and
t here our tenperatures, instead of 1,000 degrees, we
bunped up the tenperatures about 1100 degrees C --

MR. RESNI KOFF: But that's the nax that --

DR. McGRATTAN: -- Fahrenheit and that's
all we saw, yeah.

MR Bl RKY: That's w thout any oxygen
depl et i on.

DR. McGRATTAN: Right, so that's typical
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free burn type conditions and that i s not i nconsi stent
with many fire tests. In fact, if you'll |look at the
standard furnace test for structural material in
bui l dings, you'll see 1100 degrees Cused in the E119
test. So 1,000 degrees C, | think for the Baltinore
Tunnel case because of the oxygen limtations, 1100
degrees if we were to sinply open up that tunnel
Agai n, our objective in this study was to study the
Bal ti more Tunnel and that's what we did.

MR. RESNI KOFF: | understand. Are you
t al ki ng about the fl ane tenperature, just sow're all
on the same page here? The maxi rumfl ane tenperature
is 1100 degrees C?

DR. M GRATTAN: This is a subtlety.
Maxi mum fl ane tenperatures as in an adiabatic flane
temperature, could conceivably be nuch higher than
these nunbers that |'m quoting. However, these
nunbers are never achieved in large scale tests
because the flanme is not stationary. So as the flane
noves back and forth, you can never achieve these
i deal flame tenperatures. Plus there's a trenmendous
anount of radiative | oss when you have a very |large
sooty fire. So those naximum theoretical flane
tenmperatures are reduced for two reasons. One is the

| arge radiative loss and the other is the fact that
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these are turbulent fires.

So the flane is rarely anchored in one
pl ace but it noves about and as the fl ane noves about,
you average out over a certain volune those maxi mm
t enper at ur es.

MR. RESNI KOFF: One final question on a
slightly different subject, did you nodel it just for
t hree hours or did you al so | ook at the tenperature of
t he tunnel as the brick and t he bal |l ast reradi ated the
heat ?

DR. McGRATTAN: Right. W noticed in our
cal cul ations and we've noticed this for many other
studi es, that after about hal f an hour of sinmulation,
t he gas and wal | tenperatures come to a steady state.
Now, agai n, subsequently after these cal cul ati ons for
the Howard Street Tunnel, Chris and I, along wth
Harol d, did calculations in which we sinulated 30
hours in the tunnel, seven hours burning and then the
rest of the time being the -- what was the --
actually, what was the --

MR. ADKINS: It was seven hours burning.

DR. McGRATTAN:  Seven hours burning and
t hen --

MR. ADKINS: Three hours cool - down.

DR. McGRATTAN. Okay, so it was a 30-hour
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sinmulation with the seven hours burning and then --

MR. ADKINS: And then there was one that
we did seven and 26.

DR. McGRATTAN: And this was to answer the
guestion what if the water mai n had not broken because
there's been a | ot of discussion about the fact that
in the Howard Street case the water main broke and
after three hours, | think, the fire was dramatically
weakened by the presence of the water. So we went on,
subsequently, and said, well, what if the water nmain
hadn't broken and what if there was nore ventilation
inthe tunnel to see how nuch hotter we could get it.

MR. RESNI KOFF: Has that been witten up
anywhere and could we get a copy?

DR. McCRATTAN: It hasn't -- ny part of it
hasn't been witten up but we could wite that up.

MR. BAJWA: Eventually, theresults of the
initial analysis that we did will be docunented and
that will be available, so as soon as that becones
available, I will make sure that you all get copi es of
t hat .

MR. HALSTEAD: Kevin, |I'mlooking at the
conclusions on page 28 of the N ST report, N ST
| R6902, and I'm trying to summarize based on your

concl usi ons what the worst case firewithinafiveto
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10 meter region would have been and when | | ook at
your conclusions and it seenms to ne that they would
support an interpretation that if we were trying to
translate that into an engulfing fire, which is what
we | ook at for cask performance, that your analysis
supports a conclusion, first, that the worst casefire
in that five to 10 would be three hours at 1,000
degrees C. Is that a reasonable conclusion to draw
from your conclusion on page 28?

DR. McGRATTAN: Where are you drawi ng from
t hat ?

MR. HALSTEAD: Well, it says, "The peak
cal cul ated tenperatures within the tunnel during the
first three hours (before the water main rupture) were
approximately 1,000 degrees C (1800 degrees
Fahrenheit) within the flam ng regi ons or about half
the l ength of arail car and approxi mately 500 degr ees
C or 900 degrees Fahrenheit when averaged over the
| engt h of the tunnel equaled to the I ength of three or
four rail cars". And I'mgoing to get to that past
three hours and path regions in a mnute.

DR. McGRATTAN: The term"peak"” refers to
bot h space and ti ne.

MR. HALSTEAD: That's right.

DR. McGRATTAN: So we hit the peaks early
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on but that doesn't necessarily nean that those
t enmperat ures woul d be sustained for three hours. It
woul d be on the conservative side.

MR. HALSTEAD:. Well, are you prepared to
say that that -- that athree-hour fire could not have
averaged that tenperature? That's what we're trying
to ascertain here. What's your bottom line for
hel pi ng us determ ne what fire we need to subject a
cask to, to validate this performance?

DR. M GRATTAN: Right, right, since no
ventil ation studi es were done on the tunnel, we can't
say for certain how nmuch air was reaching that fire
because a tunnel like this has many cracks and
crevices, okay. In our analysis, we assuned t hat the
air was comng in fromthe portals but that doesn't
necessarily nean that air couldn't be comng in from
some other place to sustain the fire at the 1,000
degrees longer. So what we're saying is that peak
t enper at ures coul d be 1, 000 degrees during the fl am ng
period of the fire.

MR HALSTEAD: And that could be three
hours.

DR McGRATTAN:  Yes.

MR. HALSTEAD: So what we're trying to do

here i s understandi ng that the train was not properly
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instrunmented for our purposes, is to try and figure
out what the worst case averaged over three hours
woul d be.

DR. McGRATTAN: Well, it was stated inthe
begi nni ng t hat this acci dent nmay not be consi dered the
wor st case

MR. HALSTEAD: No, | understand that and
in fact, as we have studied this accident nore, |
t hi nk that's one of the concl usi ons that we' ve cone to
and under st and when we di d our preli m nary anal ysi s of
the fire in Septenmber 2001 which Dr. Resnikoff and
Matt Lanb worked on, of course, we didn't have the
benefit either of the NTSB findi ngs or your nodeling
and actually, | think a lot of our assunptions
frankly, are not that different fromyours because now
then | want to turn to the next three hours of the
fire. It's difficult because of the water main burst
to know what happened, but it certainly seens
reasonable -- let ne strike that.

Does it seemreasonable to you to assune
t hat after that three-hour peak fire at 1, 000 degrees
C, we mght have had a continual burning for up to
three or four hours in the range of 500 to 800 degrees
C and understand we probably can't be nuch nore

preci se than that?
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DR. McGRATTAN: It all depends on how nuch

fuel is available and how much oxygen is avail abl e.

MR. HALSTEAD. Well, no --

DR. McGRATTAN. And we know in this case
how much fuel was available to start with. W don't
know exactly how nuch of that fuel ran down the hill,
ran into drains, et cetera. And we don't know exactly
how nmuch oxygen was available for that fire.

MR. HALSTEAD: Let me rephrase this and
ask you, if | said based on your study, that | thought
a reasonable worst case characterization of what
happened in the Baltinore Tunnel withinthe five to 10
nmeter flam ng region closest -- region closest to the
fire, that a three-hour fire at 1,000 degrees C
foll owed by three to four hours at 500 to 800 degrees
C probably represents the worst fire that could have
occurred given the facts that we have in hand. Wuld
you say that that's an accurate characterizationor is
it possible that sonething of higher tenperature and
hi gher duration should be assuned?

DR McGRATTAN:  Well, it's difficult to
use the term "worst case" when there are so nmany
uncertainties.

MR. HALSTEAD: Okay, maxi mum credible

event given the particul ar scenario --the particul ar
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accident that we are tal king about here. | realize
wor st case i s a very vague phrase. But gi ven what you
know about this fire --

DR. McGRATTAN: It is conceivableright --

MR. HALSTEAD: -- what is the worst thing
that could have happened in the Baltinore fire
averaging tinme and tenperature in a way that all ows us
to | ook at the regul atory standard?

DR. M GRATTAN: If | have to say it's
dangerous. |If there was nore ventilation into that
tunnel, if the fuel was confined wi thin a container of
sonme sort, that would lead to a |onger robust fire
si nply because it woul d have nore oxygen and the fuel
woul d be contained so that it could burn down rather
than just, you know, wash down the drain. So there
are scenarios that woul d be nore hazardous than what
actual ly occurred.

But it's hard to specul ate, you know, on
t hese scenari os.

MR, BAJWA I"'m going to have to
interject.

MR. RESNI KOFF: | have a qui ck questionif
| coul d.

MR. BAJWA: Ckay, go ahead and then | have

a statenent and then we need to npbve on.
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MR. RESNI KOFF: Maybe this should be

directed to NTSB but do you have a theory as to why
the water main broke, that is to say what thernal
forces existed at the roof of the tunnel?

DR. M GRATTAN: My expertise is not in
netal lurgy, so I'mnot going to --

MR. HODGES: | think you're right. That
shoul d probably be directed to NTSB.

MR. BAJWA: One thing | think we all need
to keep in m nd here, Bob, when you're saying athree-
hour fire at 1,000 degrees C, do you nmean an aver age
tenperature of 1,000 degrees C or do you nean a peak
temperature of 1,000 degrees C?

MR. HALSTEAD: I"m trying to take the
adm ttedly specul ative analysis of areal world fire
and translate it intoafire environment that those of
us who have worked on cask performance are nore
famliar with. And while | don't want to have to
parking lot this issue by nmentioning a package
performance study, obviously the reason that we are
doi ng such a careful analysis of this fire at this
particular point in tinme, is because we need to give
t he NRC our best advi ce on what type of engulfing fire
m ght be used in a cask test to replicate the worst

conditions that we think occurred in the Baltinore
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fire.

MR. HODGES: One thing to bear in mnd,
believe, is that you still have to have a source of
oxygen comng into the fire and that's generally --
whether it's this tunnel fire or another tunnel fire,
you' re goi ng to have sone regi ons that are cool er than
in others. You're going to have peak tenperatures
near the top of the tunnel, which is what we're
tal king about. You're going to have areas that are
cooler and so to try to say you should have a fully
engul fing fire at that very peak tenperature does not

make sense for this kind of a fire.

MR. HALSTEAD: Well, first of all, | would
di spute sone of your assunmptions. | think given the
configuration and size of the tunnel, it's very

possi bl e that you could have a train pile-up in which
the lidend of arail caskiswithinthe fiveto 10 --
| would say within five neters of the hottest zone of
the fire and it could be that it's upright like this
towards the ceiling. So | think we need to be careful
here about how many assunptions we make about what
could or couldn't have been and that's why |'ve
carefully stated this to say if I'm trying to
replicate the worst type of thermal environment that

a cask could be subjected to for the purpose of
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designing atest that replicates the worst conditions
t hat coul d have been in this fire, because it goes to
t he question, Kevin, maybe this isn't the worst case
fire that we want to thi nk about for cask perfornmance
and that my thinking has evolved a | ot on that over
the | ast couple of years particularly because we've
studi ed sone other real world fires that may, in fact,
created nore severe conditions and those were fires
that were | ocated along rail Iines that are potenti al
shi ppi ng routes either to Yucca Mountain or to Skul
Val | ey.

So the issue hereis sinply trying to take
you concl usions on page 28 and it seens to ne that
we're agreed that it's unlikely that there coul d have
been a sustained three-hour fire averaging
tenperatures greater than 1,000 degrees C. Now, the
questi on of whether that is an accurate replication of
what actually happened is one thing, but if I'm
| ooking at this for the purposes of a bounding
scenario and | understand your -- and | appreciate
your qualification that if there's nobre oxygen, in
fact, the tenperatures could have been higher, but
that's an area of speculation that | think would be
hard for us to support.

DR. McGRATTAN: But the original question
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was, could they get up to 24 or 2600 degrees
Fahrenheit and | still don't believe that.

MR. HALSTEAD: Well, this was Marvin's
guesti on.

DR. McGRATTAN: Ckay, we see tenperatures
-- even for open large pits of oil burning, you still
don't see tenperatures higher than about 1, 000 degr ees
C or 1800 degrees to 2,000 degrees Fahrenheit. And
now, it's just a question of duration and of course,
if you sinply have enough fuel outdoors, you can
sustain a fire for as long as you want.

MR BAJWA: Bob, the reason | asked the
question is because in the five to 10 neter region
surrounding the fire, I just don't want anyone to get
t he i npression that the average tenperature was 1, 000
degrees C because for five to 10, you know, neters
around the fire, it -- fromwhat we anal yzed and from
what we generally know about pool fires, it wouldn't
be that high. The average tenperature would not be
that high for either this fire in the tunnel or even
a pool fire.

MR, HALSTEAD: Do you want to venture a
specul ati on as to what that average tenperature n ght
be, what the range woul d be?

MR. BAJWA:  Well, if it's a hydrocarbon
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fire, the average tenperature is around 800 C and
t hat's probably part of the reason why the regul ati ons
are at 800 degrees C.

MR. BAJWA: Yes, Merritt needs to ask a
guesti on about the radiation and then we're ready to
nove on

MR. BIRKY: Can | ask one qui ck question?
You nentioned that you had done sone cal cul ations
beyond this 30-minute period or beyond the three
hours, | think, we're tal king about. Can you give us
some feel for how that tenperature decays because of
the radiation fromthe walls and that sort of thing?
Does it stay high for many, many hours and how hi gh?

DR. McCGRATTAN:. After the fire goes out,
the tenperature drops rapidly. Now, not of course
back to anbient but it drops rapidly because the | oss
from a hot wall goes like the tenperature to the
fourth power. So if you've got the wall up at around
800 degrees or 900 degrees C, okay, take that to the
fourth power and that's your radi ative | oss. You see
the tenperatures in the first couple of m nutes drop
down dramati cal ly, but of course, they're not goingto
drop down to ambient but they're going to drop down
into the several hundred degree range.

MR. BI RKY: So supposi ng we have the wal | s
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at 800 and how long will it take to get down to 400,
say, the half-life, if you wll?

DR. McGRATTAN:. |'d have to sit down with
my calculator but 1'd say tens of mnutes, tens of
m nutes or |ess.

MR BAJWA: Okay, |I'd like to nove onto
t he next presentation. It will be fromthe Center for
Nucl ear Waste Regulatory Analysis, M. Andre
Gar abedi an and Darrell Dunn. M. Garabedian is a
group | eader in the engineering and research section
of the Sout hwest Research Institute's Departnent of
Fire Technol ogy. He holds a bachelor's degree in
civil engineering, amsters degreeinfire protection
engineering andis alicensedfire protection engi neer
in the State of Texas. His primary role is a |large
scale fire test engineer and fire investigator.

M. Darrell Dunn is a senior research
engi neer at the Center for Nuclear Waste Regul atory
Analysis. He has a BS in netallurgical engineering
and an M5 in nmaterial science and engineering. Heis
i nvolved in the anal ysis of material s degradati on and
nmetal corrosion at Sout hwest Research Institute. And
t hey' re goi ng to be tal ki ng about anal ysis of rail car
conmponents exposed to a tunnel fire environment.

MR GARABEDI AN: Thanks, Chris. Good
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norni ng, all. My name is Andre Garabedian. I
represent Sout hwest Research Institute Center for
Nucl ear Waste Regul atory Analysis and |I'1l introduce
Darrell Dunn a little bit later on.

Qur tasks in this project were to revi ew
t he antidotal information onthe Howard Street Tunnel
fire. That included photographic docunentation and
initial reports. W visited the site to collect sone
data, inspect the danmaged rail cars, and then we
analyzed the recovered train conponents using
net al | urgi cal techni ques. The |l ast step was to verify
those analyses with a sinple convection radiation
nodel backed up with a "reality-check” small scale
test that we conducted | ater on.

Qur ultimate goal was to use the physi cal
evi dence backed by nunerical nodeling to estimte the
fire duration and t enperature wi tnessed by conponents
during the post-derailnent and fire. | think we all
know why we' re here and the i dea behind getting t hose

data were to submt tothe NRCto give theman i dea of

the exposure in an effort to aid in policy. The
anal yses perfornmed, tw type of analyses wll be
covered in the presentation. One, a materials

anal ysis, those type of anal yses include studies of

pai nt degradation, blistering, peeling of paint.
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Mat eri al s anal yses, incl udi ng oxi dati on of steel, how
the steel reacted to the fire. That was backed up by
sone enpi ri cal conputational anal yses using transi ent
heat transfer nodels onto various conmponents in the
tunnel and specifically the alum numair brake val ve
conponents. We noticed themnelting, sothe transient
heat transfer nodel was focused around t hose el enents.

Data col | ection, as | nmenti oned before, we
visited the tunnel, spent a day on site and a day at
NTSB, collecting antidotal data, photographing the
rail cars, taking neasurenents of what we saw and
here's just an idea of what sone of the rail cars
| ooked i ke. You saw the picture on the right
earlier. The picture on the left is a -- | believe
that's they hydrochloric acid rail car, that's car
nunber 53, the one right after the trypropyl ene car,
simlar in size 28,700 gall ons.

Sonme of the sanples that we collected
i ncl uded sonme steel scale that was pulled from car
nunber 51. |If you refer to your hand-out, that's one
car uphill fromthe spill source, approximtely 30
feet awmay. We collected a section of the roof plate
from car nunber 50. This was the source of
substanti al exposure due to al ong-burni ng paper fire.

This is a boxcar containing paper, so for a duration
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t he contents of that paper car and their i npact on the
steel were -- we were interested in. We al so
col | ected some sand, small sand sanples fromthe base
of one of the rails near the derail ment point and the
reason that was interesting was the sand appeared to
be clunped to the rail, so we wanted to take a quick
ook at that sand to see if any changes in the
material structure of the sand due to heating.
Here's a quick overview of the rail car
conponents that we were very interested in. Thi s
image to the right is the air brake, ABDX air brake
and you get an idea fromthe scale of the unit, it's
mai nly a cast iron body with a |l ot of alum numcovers
that cover conponents on either end of the unit.
These are very interesting witnesses to tenperatures.
So t al ki ng about the ABDX ai r brake val ve,
we col | ected the renai nder of the val ve on car nunber
52, which was the car of origin, the spill source car.
This air brake valve, obviously, exhibited the nost
not abl e damage, so we were very interested i n howthe
steel in the bolts and the remaining conponents of
that air brake valve | ooked. And this was very
conmparable to other air brake val ves throughout the
train. Every car has an air brake and the | ocation

and spacing of these wunits is fairly uniform
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t hroughout the train. So it was a very good tool to
use to conpare car to car

Again, as | nmentioned, on that air brake
there were sone exposed bolts that were anal yzed and
t hese bolts were the bolts that were hol di ng one of
t he al um numair brake covers onto the cast iron body.
That al umi numair brake cover conpletely nelted only
| eaving the bolts, soit was a very good i ndi cator of
what the tenperatures were in that area. And then we
anal yzed or evaluated a new air brake val ve cover
just to get an idea how these things perform W
wanted to see one nelt. That was supplied directly
fromthe manufacturer.

So to start with the material anal yses,
the paint analysis, I'll introduce Darrell Dunn.

MR. DUNN: Thank you, Andre. The rai
cars on the train were painted with a Dupont al kyd-
enanmel paint. And we know that the blistering
temperature of this paint is about 700 degrees
centigrade or just under 1300 degrees Fahrenheit. W
studi ed the burn patterns on the rail cars and | ooked
for signs of paint damage on both the tri propyl ene car
and al so sone of the other cars, including sonme of the
box cars that were hauling paper.

VWhat we observed was that there was no
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blistering on rail car nunmber 53. This was adjacent
to the tripropylene car and about 50 feet away from
the tripropylene car and this suggests that the
temperature observed by this car was |less than 700
degrees Centigrade. W did observe blistering on sone
of the box cars that were hauling paper even though
these were further away than the rail car nunber 53.
These particular cars, however, had secondary paper
fires so the tenmperature was |ikely caused -- would
blister the paint, the tenperature that would blister
t he paint was |ikely caused by the internal materials
inthe car burning, rather than the fire caused by the
tripropyl ene spill.

Now, |'mgoing to nove to that materials
anal ysi s. The graph here shows the way that we
anal yzed our steel conponents. One of the things we
did was to | ook at the formati on of oxide filnms on the
steel conponents because this is a known function of
time and tenperature. | show a couple of different
rate constants here. One of themis for the formation
of an oxide | ayer thickness and the other one is for
the reduction in netal thickness due to oxidation of
the steel. These rate constants are avail abl e over a
wi de range of tenperatures and for different alloys.

| ve shown a coupl e of different all oys here. W used
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the rate constants for iron, since our conponents were
basically | ow carbon steels.

kay, the photographs here show sections
of the roof of car nunmber 50 and |'m going to point
here, we're | ooking at the cross-section going this
way across this particular sanple and for here we're
| ooki ng at the cross section goinginthis direction.
The t hi ckest portion of this roof is shown here on the
graph, about 1700 microns and the thinnest portion,
whi ch was exposed to the fire was substantially |ess
than that. Based on the loss in netal thickness, we
observed sone spalling of the outside |layer for this
particul ar conponent, so getting an estimation from
oxi de | ayer thicknesses i s probably not a good net hod.
So we | ooked at the reduction in netal thickness and
fromthat, we can estimate that if we have a four-hour
fire, this particular conponent saw tenperatures in
the range of 750 to 850 degrees Centi grade.

It's inportant to note that this
particular itemor this particul ar conponent was on a
car that had a secondary paper fire, so the actua
exposure to elevated tenperature was quite likely
| onger than four hours. Thisis a-- this slide here
shows a cross-section of a bolt. This bolt was

recovered fromthe air brake valve of rail car 52 and
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again, |'mgoing to use the pointer here. \Wat you're
seeing this kind of dark gray area is actually the
epoxy that we nmounted our sanple in. Over here on the
right side of this picture, you'll see the bright
area. This is the steel base netal and then you see
a thin layer in between that is actually the oxide
| ayer and t he second picture here that's kind of inset
is actually an x-ray i mage map so and we' | | | ooki ng at
iron, so we see |lots of iron here on the bolt, as you
woul d expect and Il ess iron in the oxide | ayer, again,
as you woul d expect.

This particular iron bolt has a very
ni cely uni formoxide | ayer. W don't see any evi dence
of spalling here and so we use the oxide |ayer
t hi ckness to determ ne what type of tenperature this
parti cul ar conponent woul d have seen and agai n, based
on an assumed four-hour exposure, this particular
conponent woul d have seen a tenperature of a little
over 620 degrees Centi grade.

This is another portion of the sane bolt
and this is actually the head of the bolt and the
phase that's been nentioned before in previous
di scussions, actually is right here. This is a very
smal | phase. |It's about 50 microns deep, | believe,

and the mcron scale hereinthe larger pictureis two
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mllineters for your reference. This particul ar area
has t hi s phase that's shown here i n atom c percent, 66
atom c percent alum num and 30 atom c percent iron.
And this particular phase would have a nelting
tenmperature that's i nconsi stent wi th what we observed
for either the oxide layer of thickness or the
condi tion of the al um numcover onthis particular air
brake val ve.

It's inmportant to note that this is a
fairly small area andinfact, the nelting tenperature
of this particular phase is actually slightly greater
than the nelting tenperature of the cast iron
component. We didn't observe any nelting of the cast
iron conmponent so we don't believe that this
parti cul ar phase was formed by a nelti ng process. And
now | 'mgoing to --

MR. BI RKY: Just one question if | m ght
on that analysis or on the previous one, too, on the
oxide; on this particular one, what assunptions did
you make when you did the calculations -- get the
equations for the calculation for the oxide
determ nation, the thinning of the netal ?

MR. DUNN: We took rate constants that are
wel | -established fromthe literature and that's -- |

provided a reference to our source there.
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MR BIRKY: But previous stuff done by

NI ST suggested there was serious oxygen depletion
[imting of the fire. Ws that taken into account to
calcul ate the tenperature and thinning of the neta
for the oxide build-up?

MR. DUNN: No, we did not assune or take
i nto account any oxygen depletion. It's -- | believe
this data shows about 14 or 15 percent oxygen in the
tunnel. That's --

MR. BI RKY: So what woul d be the effect of
that? Wul d that i ncrease the tenperature or the tine
duration to get the sanme oxide buil d-up?

MR. DUNN:  Well, nost netal oxides form
gui te spontaneously and it's doubtful that the slight
decrease in oxygen concentration would not have
effected the oxide kinetics significantly.

MR BIRKY: It would have? Wul d not have

ef fect ed?

MR DUNN: It would not have.

MR. BI RKY: \What about -- how | ong were
these cars -- after the fire did you do these oxide

det erm nati ons?
MR,  DUNN: The analysis was done, |
bel i eve, approximately a year after the accident.

MR BIRKY: Ws that taken into account?
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VR. DUNN: Yes, we did take that into

account. We, in fact, in our report, show that sone
of the phases that are formed are a corrosi on product
rather than a thernmal oxide.

MR. BI RKY: Then on this measurenent, your
initial report, couldyoutell ne what assunptions you
made in terns of calcul ating those tenperatures, the
tenperature of the diffusion process here that you
had?

MR DUNN: On this particular bolt?

MR. BI RKY: Yeah.

MR.  DUNN: This is a -- again, | think
we've pretty well detailed this in the report. This
is assuming a sinple diffusion in a volumnum in
gamma phase i ron whi ch woul d expect tenperatures over
about 720 degrees centigrade.

MR. GARABEDI AN:. W could focus on that
but | think it's inportant to understand the --

MR, BIRKY: Well, I guess | was -- you're
not suggesting it was 1400, 1500 degrees C at all.

MR, DUNN:  No, no.

MR. BIRKY: Are you correcting that?

MR. DUNN: No, | think what's witten in
the report is toshowthat this particul ar phase coul d

not have been fornmed by diffusion because the
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tenmperature is too high. At that tenperature you
would easily see nelting of the cast iron valve
conmponents.

MR. BIRKY: | was msinforned by that.

MR. DUNN: Yeah, in fact, eventhe nmelting
temperature of the steel bolt here is around 1490
Centi gr ade.

MR. BIRKY: Right. Now, | have one other
guestion on what you presented on the blistering of
the paint. You' re suggesting that was done by the
snol dering inside the rail car itself rather than on
the outside fire, fromthe outside fire?

MR, DUNN:.  Yes.

MR. BIRKY: How do you determ ne that?

MR. GARABEDI AN: It is difficult to say
where the blistering -- what the blistering was
occurred from whether it was an external fire or
internal fire. Picture painting a frying pan and
putting it on a stove, it could easily blister the
pai nt on the top side of the fryi ng pan because of the
heat underneath it. So it is difficult to say where
t he exposure cane frombut we do know that it occurs
at about 700 degrees Cand it occurredin a very snall
region of that, just a couple of rail cars in that

train.
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MR. HODGES: Sonething to keep in m nd on

t hose box cars with the paper in them al so was they
snol dered in the tunnel for sone | ong period of tine,
several days. When they were pull ed out of the tunnel
and t hey got plenty of oxygen, then the fire flamed up
and it would have been a nuch hotter fire.

MR. DUNN: Okay, we're done. |'mgoingto
give it back to Andre.

MR. GARABEDI AN: Thanks. Yeah, |I' mgoing
to stepinto the enpirical and conputational anal yses
that serve to be areality-check to what we saw i n our
i nspecti ons. And what | want to focus on is the
anal ysis of the air brake val ves. Here we see an
i sometric viewof the ABDX air brake val ve and you can
see -- let nme get this pointer, here we go -- these
are the alum num covers, a photograph of it earlier
on, if youwant to flip back toit you can get an i dea
of what those covers | ook I|ike.

Ai r brake val ves are used on all the cars.
Cast iron valve body, which is the main portion of
this unit with these al um num covers. The al um num
cover that we were nost interested in was |ocated
about 10 neters fromthe fire source and this the guy
that nelted conpletely. And we knowthat the al um num

nmelting tenperature is sonewhere in the vicinity of
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600 degree C. So we can kind of put those two
together. To verify or to get us sone conputationa
verification, we used atransient heat transfer nodel,
a very sinple convective and radi ati ve heat transfer.
Assum ng that the alum numacts as a single body, the
heat that's absorbed by the wunit raises its
tenperature and the unit nelts, so that's what these
equations serve to denonstrate.

Going into the assunptions, as |
nmenti oned, we assuned a | unped mass, so we're assum ng
that this al um numis one cl unp of al um numwhet her it
be a sphere or a square. It's not athin or unusually
shaped unit. It's a full volune of alum num W al so
assuned that the radiative exposure from | um nous
flanmes, we didn't take that into account and that's
usual Iy about 30 percent of the total heat rel ease of
afire. It's agood assunption for those targets that
are underneath rail cars. They don't get the benefit
of the radiation, heat radiation fromthe fire onto
it.

So these assunptions on this slide
actually delay the estimated nelting tinme assum ng
this being a lunped mass and no external rate of
exposure. So this would predict | onger neltingtines.

Onthe flip side, we did not take into consideration
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conductionintothe adjacent steel or other materi al s.
You know, these covers are bolted to cast iron but we
did not assume that the cast iron was capable of
drawi ng heat away fromthe al um num no conducti on out
of the alum num So what that would do if there were
conduction out of the alum num that would -- w thout
assum ng conduction away from the unit, that would
accelerate or speed up the nelting because we're
assumng that all the heat that enters that al um num
cover stays there, doesn't go into anything nearby.

Sonme assunptions on the heat transfer
coefficients, conducted heat transfer, 50 kilowatts
per meter to kelvin. These are applicabl e convective
heat fluxes when you' re calculating exposure of
structural steel el enents, hydrocarbonfires. There's
a |l ot of performance based design that revol ves around
the fire nmodeling and its interaction with the
structures. And this is a published heat transfer
coefficient for that purpose.

We also assumed varying fire exposure
profiles. Again, not knowing what the fire profile
| ooked |Ii ke, we assunmed sone fairly typical profiles.
| medi ate gromh and a plateau, that's comon for
hydrocarbon fires. They grow very quickly and

assum ng perfect conditions, they will plateau at a
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certain tenperature.

The second one is the rap-to-plateau.
Ranp over a certain amount of time, assuming fairly
slower growth but that it does achieve its maxi num
tenmperature then stays at that tenperature for sonme
duration. And then the ranp-pl ateau-decay, this is
the case where the fire grows over a growth period,
pl ateaus at its maxi num tenperature and due to sone
ext ernal suppression or oxygen limtation, it begins
to plateau or fuel consunption, it begins to plateau.

Here are a couple of graphs the sinple
nodel output. Here's an exanpl e of a ranp-to-pl at eau,
so this simulation had an 800 degree Celsius fire
ranmpi ng at about two mnutes and then sitting there at
800 degree C for some duration and what we wanted to
| ook at was the bulk tenperature of that alum num
cover. W were nost interested when that entire
al um numcover hit 600 degrees C. That was one of our
assunptions. And that occurred, you can see, in about
| ess than 10 minutes in that case. Another case here
is a nmodel run that assunes a ranp-pl at eau-decay a
little bit nore typical of what other investigators
have found, Kevin as well.

We have a growth to 800 degrees C, sone

pl ateau at that tenperature and then a rapid decay.
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And even with the rapi d decay, we can see that nmelting
can occur in about 800 seconds, you know, 15 or so
m nutes. So these are just sinple heat transfer rates
that indicate that alum num when exposed to these
types of tenperatures can nelt fairly readily. So how
do we validate that, do a reality check on it? W
used ASTM E1354. It's a cone calorinmeter test.
Irradi ati on nethod, | know there's sone confusion in
that term This is all heat radiation, heat radi ati on
to a sanple. And the way it's done, it's a conica
heater that basically | ooks like a Nichrone wire, a
toaster, and that's dialed into a certain heat fl ux
and that irradiates a sanple. The irradiation flux
that we used was 150 kilowatts for neters squared.
That's a souped up toaster and that's consistent with
ASTM E1529. That's the heat flux that's expected to
i mpi nge structural steel exposed in these hydrocarbon
pool fire situations.

And the picture on the left is the ABDX
val ve recovered fromcar 52. Again this is the rai
-- the tripropylene rail car. You can |ook on your
diagrams. This is the spill source, fire source and
we see sone very interesting things. Mst interesting
isthat we can still al nbst read sone |l etters up here.

A B, Dis what | see and a cylindrical section right
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here. This is the factory provi ded val ve cover that
we irradiated with the cone calorineter. This was new
to begin with and it nelted in about six mnutes.
Even with that high degree of nelting, you can still
make out some of the reliefs of the profile of the
cover but no lettering.

This was interesting, as | nentioned
bef ore, because these air brake valve covers were
fairly evenly spaced throughout the tunnel. The
picture on the left is, again, the air brake -- the
remai nder of the air brake valve fromcar nunber 52,
agai n, about 10 neters fromthe fire source, and this
air brake valve cover was |ocated on car nunmber 51
You can | ook on your diagram That's the next car
down, | ocated approximately 20 neters or 66 feet away
fromthe fire source.

This is in very good shape when you
consi der how easily these conponents nelt. So a
summary of the anal yses, tenperature estimtion from
t he al umi numair brake conponents, well, we knowit's
greater than 600 degrees C, 10 neters fromthe fire
source, we got conplete nelting of that val ve cover.
The estimation is approximately equal to 600 degrees
C 20 neters fromthe fire source. Wiy approxi mtely

equal to, because the val ve cover that I showed you on
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t he previous slide was partially nelted. W' re going
togiveit the credit that it saw 600 degrees C. And
| ess than 600 degrees C, 40 neters from the fire
source, we did |ook at sonme other air brake valve
covers later on in the train in both directions and
saw no damage to those.

I ncidentally, the hydrochloric acid rai
car, one rail car away fromthe tripropyl ene spil
source, was not effected by the fire. |In fact, the
pictures that I showed you to denonstrate what one of
t hose valves |ooked |ike was actually from the
hydrochloric car. Tenperature estimation from the
steel conmponents, as Darrell had nmentioned, 750 to 850
for four hours at the roof or rail car nunber 50,
again, this al so had t he secondary paper fire, we have
to discern what the difference between an exposure
fire and the fire fromthe internal contents, what
effect those had, so it's a bit difficult there.

And t hen a tenperature estimati on fromthe
rail car pain, this was the toughest one to nail down.
The best we can say is it was greater than 700 degrees
Cwithin 15 neters fromthe fuel spill, but again, it
is inmportant to note that there was not w despread
blistering of the paint. It was very concentrated

into a fairly small area. Interestingly enough, it
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was actual ly concentrated on arail car that was quite
aways uphill fromthe spill source, again, indicating
that it m ght have been caused by the interior paper
fire.

So again, a summary, nodel cal cul ations
i ndicate that the assunmed hot fire environnment in the
tunnel woul d have nelted solid cores of alumnumin
about five mnutes. And the ease of nelting was
verified during an enpirical test, the cone
cal orimeter test, where nelting was observed i n about
six mnutes. Does that tell us that alum numnelts
very readily and the sunmary i s that the fact that the
al um num covers remrained intact elsewhere in the
tunnel indicated ]| ower tenperatures were observed only
a short distance fromthe spill.

Are there any questions?

MR. RESNI KOFF: | just have one questi on.
| notice in your report that this ranp-to-plateau
tenperature that's recommended by ASTMi s 1180 degr ees
C, in other words, the plateau, but | notice in your
cal cul ati ons you assunmed 800 degrees C. |s there any
reason?

MR. GARABEDI AN: No, 800 degrees C was
chosen to be nore representative what a pool fire

woul d be. ASTM E1529 is very severe. They chose, |
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believe it's 2000 degrees Fahrenheit as how it's
specified in the standard. No specific reason why we
chose a slightly |ower tenperature but obviously,
choosing a higher tenperature would have only
accelerated the nmelting time, so --

MR. RESNI KOFF: | had one ot her questi on.
These oxi dation measurenments that you' ve taken, this
depends both on the tenperature and the duration of
the fire, right? You have two variabl es and you only
have one known.

MR. GARABEDI AN:  Yeah, |'Ill have Darrel
answer that one for you.

MR, DUNN: That's correct. That's
correct, so you have to either assune a tenperature
and get atine or assune atine and get a tenperature.
For our particular case, we |ooked at a relatively
short tinme, what we thought would be the exposure
prior to the water nmain breaking, and got a
tenperature fromthat.

MR.  GARABEDI AN: And, again, the site
visits and the phot ographs of these val ve covers was
to serve as a functional check of those anal yses, so
that was the idea. W were very lucky to find those
al um num covers very systematically spread out anong

the rail cars. They were very good indicators. Yes.
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MR. MOORE: Speaking of al um num covers,
can you tell nme where they're physically |l ocated on a
rail car?

MR. GARABEDI AN:  Yeah, they were | ocated
in different places and excuse nme while | flip back
t hrough these. This one was | ocated on t he brake end,
which is the end furthest away fromthe tripropyl ene
car. This is onthe hydrochloric car, the next tanker
car domm. This is actually on a -- a plateau at the
back of the rail car, I'd say a little bit nore than
wai st high. Let's give it three and a half to four
feet. This one is exposed in all directions to the
wal | s of the tunnel. There are covers on the top that
are exposed to the roof of the tunnel.

Thisis afairly typical |ocation. O her
| ocations, as you saw in the slide later on in the
presentati on, had one or two of these units underneath
therail cars at certainlocations underneath the car.
A convenient placeto attachit is probably where they
ended up. So they were in different | ocations to kind
of give us an idea of exposures.

MR, MOORE: Once you nove away fromthe
i medi ate fuel source for the fire, does the verti cal
| ocation and al so t he cover provided by the car itself

if it's located underneath the car, effect what
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tenperatures you mght see in the heat profile?

MR. GARABEDI AN: Yes, yes, it woul d, yeah.

MR. MOORE: So, | guess ny question is,
are you -- looking at the location of the covers as
you | ooked at the covers on different cars to try to
determ ne whether there was enough tenperature to
melt, their physical location on the car itself and
any sheltering that m ght be provided by the car in
addi tion to | ooki ng at the physical distance, up rai
or down rail?

MR. GARABEDI AN: Yes. There was not nuch
to see after car nunmber 51. They were all intact, so
there wasn't nmuch to discern from well, this one was
intact whenit was at wai st | evel, this one was i ntact
when it was under that car. They were all intact up
stream or up tunnel. So tough to tell whether the
ones underneat h t he cars recei ved addi ti onal exposures
or additional exposures because they were closer to
the ground and that's where the spill fire was or
addi ti onal exposures because they were closer to the
roof and that's where the hot gases were, difficult to
tell but we know that they didn't nelt so |l don't --
| can't take any data fromit.

MR. BAJWA: All right, thanks, Andre. |'m

going to recommend a short break and | think we all
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need that, and we'll conme back in five m nutes and
t hen have the | ast presentati on and questions on the
| ast presentation. Restroons are through the door,
take a left.

(A brief recess was taken.)

MR. BAJWA: Can we get back to the table
SO we can get started again, please? Thank you. All
right, let's get started. Qur next presentation wll
be on the Baltinore Tunnel Fire Evaluation of a Spent
Fuel Transportation Cask. M. Harol d Adki ns fromPNNL
will present. M. Adkins has an M5 in nechani cal
engi neeri ng. He is a menber of the Fluid and
Conput ati onal Engi neering Group at Pacific Northwest
Nati onal Labs. That particular group has been
involved in spent fuel storage and transportation
thermal analysis for over 20 years. Harold.

MR. ADKINS: Good norning. As Chris said,
|"m Harold Adkins from PNNL and what |I'm going to
di scuss are the thermal results that we came up with
when we subjected a HOLTEC Hi -Star 100 transport
systemto the particul ar conditions that were givento
us by NI ST.

The first thing | want to start out with
is just kind of a general description and give you an

i dea of how bi g and what they're shaped like. Thisis

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

71

an artist's rendition that HOLTEC provided and
basically what you see is the cask sitting on a rai
car on a cradle that's a boxed in cradle and it's
strapped down and pretty nuch alnost the entire
cylindrical surface of the cask, the structural
portion of the cask is covered with a neutron shield
and outer casing, if youwill, and then the ends are
covered with inpact limters. They' re made up of --
they're hybrid nultiple panel honeyconbs with a
stai nl ess steel shell.

This particular cask is a simlar
description information. Al so you have a handout, by
the way, that you can probably read. It's a little
nore | egqible. Basically, what you have is a cask
that's |oaded with a sealed, weld seal ed canister,
stayed flanges and a fuel compartnment for multiple
fuel assenblies that slips into the cask and then a
bolted cl osure. Now, of course, the inpact limters
go on the ends of this and it's |oaded on the
transport trailer you saw on the previous inmage
Sore, I guess, gener al characteristics; nor e
description hereis, it's roughly 306 inches |ong, 128
inches in dianeter. That's with the limters
t hensel ves.

Agai n, two forged end fl anges, the cask's
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structural portionis primarily made up of a nunber of
concentric shells that are welded to the end and
stayed flanges. This cask is conprised of 2.5 inches
thick stainless steel contai nment shell, five inches
of carbon steel for gamm shiel ding, two forgings, of
course, bottomand top closure, two hybrid honeyconb
inmpact limters, again that are made of different
pound honeyconbs and then a stainless steel skin.

The cavity of this particular cask is 191
inches long, 68.75 inches in dianeter. Thi s
particul ar design has a five-inch thick conposite,
neutron shield construction on the outside of the
structural portion of the cask that is conmprised of
channel plate, steel channel, steel plate and epoxy
resin that the channel and plate are filled with. O
course, this systempassively dissipates the heat from
t he spent nuclear fuel. Sone nore details of the
canister that fits inside of the cask is it's 191
inches long, 68.4 inches in diameter. [It's a thin-
wal | ed steel vessel that's nade out of stainl ess steel
and it's got two stayed end flanges. They're both
wel ded i nto pl ace.

The internal is a basket. It's roughly
and egg crate construction that allows for 24 spent

nucl ear fuel assenbliestofit insidew th appropriate
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envel opes. It alsois conprisedof flux traps, helium
gaps, boral sheet with their associated storage
pockets. This particular canister is backfilled with
five atnospheres of helium five atnospheres of
pressure helium and this, you know, wunit also
di ssi pates the heat passively to the cask to be
passi vely dissipated to the atnosphere.

This particul ar systemis |licensed for 20
kil owatts decay heat |oad. Going to the objective
here, the main objective that we set out to dois to
performa detail ed anal ysis of the HOLTEC transport
system when subjected to, of course, the BTF
conditions and the data that N ST provided. And you
know, obviously, all conductive, convective and
radiative heat transfer regines need to be
incorporated to acconplish this. Sone of the
assunptions associatedwith this particul ar anal ysi s;
first of all, one of the things that we i medi ately
| ooked at is, you know, you've got this entire body
sitting inthe tunnel fire environnent. However, the
inmpact limters thensel ves are conprised of al um num
honeyconb which is mainly pressed ri bbon that's bound
by epoxy that's covered wi th stainl ess steel skins and
essentially what happens to the al um numhoneyconb i s

it will melt back fromthe skin a little bit and
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provide an insulated barrier to the top and bottom
ends of the cask and is actually a fairly poor heat
transfer path out of the particular system Use of
nom nal di nensi ons were acceptable. That was anot her
assunption. The fuel assenblies were centered within
the basket cells thenselves, where there was no
readi | y avail abl e conduction path out of the basket.
The cani ster was radially centered wi thin
t he cask. Spent nucl ear fuel, decay heat profile for
this particul ar nodel, we chose to go with an absol ute
hott est possible cross-section of the cask. Again,
it's a 2D nodel, so what we did is we inposed a 1.1
peaki ng factor on the decay heat within the basket.
Another thing that we did is we assuned that this
particul ar cask before even going into, | think, the
anbient inside of the tunnel is 70 degrees of the
ignition of the fire. We assuned that this cask
reached nornal hot steady state which was 100 anbi ent
and was sitting and baking out in the sun in reached
steady state beforeit went intothe tunnel. Andthen
we ignored the transport trailer and we considered
this to be conservative consideringthe fact that it's
in the vicinity of the colder air tenperatures that
are sweeping through the tunnel to feed the fire.

The nethod of solution was to apply a
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general finite element solution code. ANSYS was the
particular code we used to solve this and we used
wel | -ventil at ed or wel | -val i dat ed convection
correl ati ons, buoyant and forced convection for the
two di fferent regi mes. Cbviously, buoyant convecti on
for the normal conditions of transport, when it's
sitting and reaching steady state and then forced
convection during the fire situation.

Let's see, accurate thermal physica
properties were inposed. These were properties that
wer e taken fromthe HOLTEC TSAR t hat had been verified
and t hose wer e even cross conpar ed bef ore we perfornmed
the analysis. W used ANSYS Paranetric Design
Language to go through and eval uate the convection
coefficients on the fly throughout this transient so
everything was bei ng continuously updated as far as
t he heat transfer coefficients on the surface of the
cask as we went through the cal cul ations, soit wasn't
just a matter of assigning a particul ar val ue.

We incorporated all the conductive,
convective and radiative conponents that we could
possibly justify and also rolled in explicit
representations of all the sub-conmponentry incl uding
Boral plate. The pocket itself contains the Boral

sheets inside of the basket. The basket structure,
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t he basket stays, the canister shell and then of
course, we wused in this tunnel fire, the air
temperatures, tunnel wall tenperatures and the
velocities to formout boundary conditions for this
particul ar probl em

Model construction, | guess the first
thing I can speak to here is the canister body. W
i ncor porated roughly 18,500 el enents to represent the
conducti on through t he basket and cani ster itself and
through the fuel assenblies. Convection was
i ncorporated inside of the basket and the magnitudes
were -- | guess, the magnitude of avail abl e convecti on
wer e val ues that were taken directly frominformation
that was used in the devel opnmrent of COBRA SFS and

t hen, of course, all theradiationinteraction wthin

t he basket was counted for by 72 -- a small -- the
nodeling of 72 small enclosures inside of the
cani ster.

The cask body, the nodel construction
details on that, we went ahead and rolled in over
8,000 elements to represent the cask Dbody.
Convection, of course, was accounted for on the
out si de of the cask, not the inside. The gap between
t he cani ster and the cask i s so narrowthat you do not

have a -- you don't establish a convection regine.
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Radi ati on was accounted for on the inside and the
outside of the cask and this is in two phases.
Qovi ously before we do into the tunnel, the cask is
radiating to the environment, you know, I|ike the
standard ambient it wuld be if it was to sit in a
rail yard or what have you. And then, of course,
during the fire, there was a radiation interaction
accounted for between the tunnel and t he cask and t hen
in the case where we actually -- we ran two cases. |
need to nention this early on so sone of this wl
make sense.

W ran two cases where the cask was
situated at five neters center fromthe fire source
and then the cask was al so eval uated 20 neters down
fromthe fire source. In the case where we eval uated
the five neter fire source, the radiation fromthe
actual fire face or sheet of the fire was accounted
for and its associ ated view was cal cul at ed.

The cask cradle, also, there was sone
consi derations that went intoit. It had roughly 1100
conduction elements that were used to represent it.
We nodel ed convection within the inside of the cradle
and the outside and how it interacted with its
environnent and radiation was also accounted for

bet ween the cradle, the cask and the tunnel.
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MR. RESNI KOFF: For the neutron-absorbing

part of the cask, you know, how did you nodel that?
Did that stay intact throughout the fire or did that
melt?

MR. ADKINS: |'mgoing to go into nore
detail on that further on here, but I can tell you
what | did. That's not a problem Minly what we did
is we said the conduction path woul d be enhanced if
the material was to stay intact during the fire and
t hen for sone other details that 1'Il give you on sone
ot her evaluations that we perforned that Kevin had
briefly nentioned, we actually right at cessation of
the fire said that that material magically turned to
air and becane an extrenely insulative material.

Let's see, we're done wth that.
Basically, to give you an i dea of the nodeling venture
here, here's the cask with the canister inside, a
cross-section of it, sitting on the cradle and this
mai nly just outlines that materials and the fact that
each sub-conmponent and everything el se was account ed
for. Basically, you'll see different colors for each
particular material in this but as you can see, the
fins, through the neutron shield, the capping, the
pl ati ng, the gamma shield, everything is explicitly

accounted for. Here's a close-up basically of right
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at the top of the cannister and what you're seeing is
where the fuel -- you're seeing one fuel conpartnent
with the Boral sheet. Maybe the next slide is a
little clearer, yeah, here we go. The difference
between these two slides is nerely the helium
environnent inside of the canister, but basically,
what you'll see is, you'll see narrow sheets on the
outside of the fuel conpartnent that represent the
Boral sheet and also its pockets. You' Il see the fuel
inside of there where there's a radiative encl osure
between the fuel and the conpartnment and then, of
course, you can see the stand-offs of the canister
t hat you can al so see are put in direct contact. That
was anot her assunption

MR. BAJWA: Harol d, can you use a pointer
to point those out?

MR. ADKINS: Yeah, that would be great.
In fact, what |I'Il do --

PARTI Cl PANT: Go back over that.

MR. ADKI NS: You nean, you guys don't know
this stuff? | will actually. Basically right in the
center here, this big blue chunk is the fuel. Right
bet ween t he purpl e and the blue is the gap between t he
fuel radiative enclosure. Right over here, this black

portion, thisis aflux trap and you can see t he Boral
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sheets with their wappers on the outside and the
pockets. The red is the basket stand-off. The green
is the canister shell and this kind of, | guess, line
green -- this lime green is the gamm shield. Ckay,
the next slide here is basically a backed up version
of -- or backing up fromthe particul ar section that
we wer e | ooki ng at and what you can see i s the neutron
shiel d pl ates, the capping, the channelingandthisis
on the outside of the cask here. \Were is ny pointer?
Ri ght here on the periphery of the cask

You can see these fins. The purpleis the
neutron shield mterial whichisaHoltite-Aspecified
by t he manuf acturer of the cask and then this wants to
rush me, | guess. The next slide here is basically
t he boundary conditions associated with the anal ysis
and how we used NI ST's tenperature data, tenperature
and velocity data to establish the effected zones per
the tenperature regines and the flow reginmes that
Kevin calculated. W' Ill go into nore detail here,
|'ve got sone bullets, but basically what you can see
is right where these red stand-offs are, the little
tick marks on the sides of the tunnel, those are
basi cal ly panels.

If you look at the top of the tunnel

Kevin's data where he specified the absol ute hottest
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tunnel tenperature, we went ahead and conservatively
lined that whole cylindrical portion with his peak
tunnel tenperature reporting andthenthe side portion
where it's over to the sides of the tunnel here, just
down fromthe cylindrical portion, that was his wall
t enper at ure we assi gned the | ower portion of the wall,
obvi ously, the wall tenperature. The bottomwas the
bottom of the tunnel, of course. And then the air --
or | guess the air environnent as the air was sweepi ng
t hrough, we assuned the roughly around fromthe very
top of the cask to about hal fway around to t he cradl e,
which is a huge effected zone considering the fact
that |ike you sawin Kevin's slide, a lot of the hot
air was basically entrained and stuck to the tunne
surface very effectively. But what we assuned i s t hat
this huge portion of the top of the cask was exposed
to the convective environnent.

Now, the one thing that is critical to
nmention here is this whol e thing was nodel ed as a huge
radiation enclosure in the interacting radiation
encl osure, thermal radiation. Gkay, the |oading and
boundary conditi ons associ ated with this analysis are
as follows. A 20-kilowatt heat | oad was just as what
it'scertified for and what we didis we applieda l.1

peaking factor on top of that to represent the
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absol ute hottest possible cross-section. Now, one
thing that needs to be realized here is that in the
whol e cask body, the steel shelves are so thick that
typically, you know, even if you' re nodeling your
hottest cross-section of the cask, it's not going to
be as substantial and as conservative as applying this
1.1 heating factor and then you know, isolating it
where it has no way of m grati ng heat down t he axi s of
t he cask.

Sone of the pre-fire conditions associ at ed
with this, as | referred to before, one of the things
that we didis we assunmed it cane to steady state with
its normal hot conditions which was 100 Fahrenheit
anbient. W applied 12-hour sol ar over this 24-hour
period whichis, you know, per the regul ations, 10 CFR
71.71. Emm sivity on the outside surface of the cask
pre-fire was .85. The anbient was one. Buoyant
convection correlations were wused for this and
basi cally t he same APDL | ogi c t hat was i ncorporated to
determ ne the convection coefficients through the
transient were applied to determ ne the heat transfer
coefficients for this particular case as well and
then, as | said, we allowed it to come to steady state
prior to going into the fire.

MR. MOORE: Harold, before you | eave t hat
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slide, real quickly, what age fuel correlates with
your 20 kilowatt decay heat |oad?

MR. ADKINS: [I'm not a fuel guy, but I
don't believe that matters, especially froma t herma
standpoint. | can't commrent on that. Mainly what we
did is we took the geonetric configuration of a W17
by 17 fuel and put the specified heat |oad that
they're certified for that does envel ope that fuel.
That's all | can conment on.

MR. MOORE: Thank you.

MR. ADKINS: Ckay, fire conditions were
such. The boundary conditions, of course, cane from
the NI ST data. W ran two cases, a five-neter and a
20-meter case fromthe fire source, theignition, the
fireignition. The cask outer surface was assunmed to
be -- the emmisivity went from .85 to .9 and the
tunnel surface was .9, the external environment tothe
cask. These are per 10 CFR 71 agai n.

Forced convection correl ati ons were used
with the APDL | ogic. W used |am nar convection
correl ations, well-validated correlations, | mght
add, and the reason | am nar ones were considered is
there are sone other cases that 1'Il discuss here
where we did sonme post-fire considerations and, of

course, as this thing sits and the tunnel cools down,
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you' re obviously, going to be wal king away fromthe
turbul ent regines.

Convection interaction was obviously
nodel ed, aradiativeinteractioninsidethetunnel and
to the tunnel itself was nodel ed. The gamma shield
gaps, this cask is built by welding a nunber of
concentric shelves that have air gaps in them and
what we did is, when it goes into the fire, we
automatically assune all these gaps disappear. So
there's a stronger heat path into the cask the mnute
the fire initiates. Let's see here.

Ckay, onething that's critical about the
results that I"'mgoing to present here shortly, are
t he fact that, you know, as Kevi n was sayi ng, after 30
m nut es we have our peak tenperatures on the fire and
then basically you know, the tenperatures start to
wi t ness down trendi ng, but what we did at that point
is we said, okay, 30 m nutes i s where we establish our
peak tenperatures and for the anal yses results that
|'m going to discuss shortly here, we assuned that

right after 30 mnutes, basically the tenperatures

were held constant. They reached steady state and
held that continuously further on into tine. o
ahead, Bob.

MR.  HALSTEAD: You got ahead of ne,
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Harold. If you' d go back to your last slide or this

is still the one you've got where you have the N ST
data, BC s assumed. What actually are you -- for the
-- if you actually overlay thiswiththe illustration

of the cask, in terns of the heat input that's com ng
into the top half of the cask, where your two little
ears indicate correlation with the --

MR, ADKINS: Sure.

MR. HALSTEAD: -- what's the external --
what's the external tenperature on the surface of the
cask that you're assum ng there?

MR ADKINS: \When?

MR, HALSTEAD: Well, | nmean, once you
reach this steady state for three hours, the first
three hours of the fire that we -- what's the hottest
tenperature during the three hours where we know t he
water main hasn't effected the fire?

MR ADKINS: Ckay. Boy, Chris.

MR. BAJWA: | think you're asking -- you
want to know what the heat input to the cask is?

MR. HALSTEAD: Right. | want to directly
relate this to the NI ST characterization.

MR, BAJWA: Ckay, Harold if you go back to
the --

MR, HALSTEAD: The tenperature in the
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upper half of the tunnel.

MR. ADKINS: | think what's inportant here
isthe NI ST characterizationdidn't involve accounting
for the water line bursting or anything like that. |
mean, none of that was wei ghed in. So basically what
we did is, NIST provided tine, tenperature curves to
us for the upper region of the tunnel, the md region
of the tunnel and the | ower region of the tunnel, the
air. Then they provided surface tenperatures for the
top of the tunnel, the side of the tunnel and the
bottom of the tunnel and then they also provided
velocities, | guess, gas velocities, if you wll,
because it's not pure air, gas velocities traveling
t hrough the upper portion of the tunnel, the side
portion and t he bottomportion and the velocities were
selected in regions where they would give us
conservative val ues over the course of the fire.

MR HALSTEAD: Well, | understand that.
Wat |'mtrying to ascertain is -- okay.

MR. MOORE: Wil e Bob's | ooking for that,
is that data that you just nment i oned, t he
time/tenperature curves for the various regions
avai | abl e?

MR. BAJWA: It's not specifically in the

NI ST report. However, | believe we could provide you
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what ever data you'd be interested in. So if you'd
just | et me knowwhat you want, we'll provide that for
you.

MR,  HALSTEAD: Okay, looking at this
region of the cask --

MR, ADKINS: [|'msorry, yes.

MR. HALSTEAD: All right, 1'Il do it on
this one. Looking at this region of the cask, the
top, the top half, what's the -- what assunption are
you meki ng about the average surface tenperature due
to all of the -- all of the heat processes in the
tunnel over the 30 m nutes, 3 hours and 150 hours? Is
that constant and what is that tenperature that you
assuned -- that you ran, not necessarily what happened
in the tunnel? Wat did you run?

MR. ADKINS: Yeah, | think the inportant
thing here is first of all, I didn't assune a cask
surface tenperature because that is cal cul ated. When
you cone out of the NCT, | believe we're up at, if I
recall -- | nmean, one of the things we did is we have
a macro that goes out and pulls the absolute peak
tenmperature of a particul ar conponent and reports it
as a function of tine.

MR. HALSTEAD: No, | understand that. |

want to relate this to the N ST characteri zati on of
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the fire. So is the top half of the cask in an 800-
degree C fire, 450 hours in your analysis, 1,000-
degree C fire for 100 -- | want to know what it is
that you're nodeling for 150 hours, okay?

MR BAJWA | can speak to that.
Basically, we took the N ST data, okay, so for the
first half hour we are polling the NI ST data. W are
follow ng that tine/tenperature curve that the N ST
data provided. Then in half an hour, taking the
maxi mum t enperatures that existed at the end of that
simulation, at 30 mnutes and we're holding that
constant for the remainder of the time, so for the
next 120 hours.

MR. HALSTEAD:. kay, that's what --

MR, ADKI NS: And that top portion
interacts wth the peak tenperature and velocity of
the fluid that was reported out of Kevin's nodel for
the | ocation of the tunnel, because realize we did a
five-meter and a 20-neter case.

MR Bl RKY: Clarification; you're not
holding that at a tenperature, are you? You're
holding it at some heat flux, right, fromthe fire?
Isn't that what the input is in your nodel ?

MR. ADKINS: No, no, no, it is not. The

heat fluxes are calculated, okay, and the heat
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transfer coefficients are cal cul ated. The
tenmperatures are not held but inputted the way Kevin
reported out of his nodel directly. Wat's that?

PARTI Cl PANT: (I naudi bl e)

MR ADKINS: Yes.

MR. BIRKY: And that gas tenperature is
what the cask is seeing up there between those red
ears; is that the thing?

MR ADKINS: That's right, that's right.

MR. BI RKY: Ch, okay.

MR. ADKINS: And | guess the one thing to
remenber here, too, i s, you know, you | ook at how hi gh
this cask sits in reference to the geonetry of the
tunnel and it doesn't stick up very high. And, you
know, you look at Kevin's plots, here's another
nmeasur e of conservati sm you | ook at Kevin's plots and
the majority of the hot air volune is sticking to the
top of the tunnel.

MR. HALSTEAD: Well, | would just add,
that involves an assunption on your part that that
cask sits on the rail car in the cradle and that's a
very questionabl e assunpti on.

MR. BAJWA: What he's saying is that the
maxi mum tenperature at the ceiling of the tunnel is

applied to the top of the cask for this analysis.
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That's what he's sayi ng.

MR. HALSTEAD: | understand that, but what
" mtal king about in ternms of subjecting portions of
the cask to that, it would be interesting to see the
lid end of the cask tilted up into that tenperature
and that's, of course, the issue that we're | ooking at
here, taking the data from the Baltinore Fire and
trying to see what woul d be the maxi numtype of test
we woul d subj ect the cask to based on the worst thing
t hat could have happened in this type of fire. I
understand that's different fromthe assunption that
you made here.

MR. RESNI KOFF: I'mstill unclear. Just
maybe you could clarify it. You have this cask
sitting in a tunnel at 800 degrees Fahrenheit for 150

hours, yes, no?

MR. BAJWA: No, 800 degrees C.

MR. RESNI KOFF: C. Is that wong?

MR BAJWA: That's not correct.

MR. RESNI KOFF: What's right?

MR. BAJWA: What's right is we are taking

atinme/tenperature curve. The tenperature varieswth
time inthe NIST data. W' re taking that and appl yi ng
it tothe cask. Ckay, so for the fire that -- for the

fire simulation that |asted 30 m nutes, we took the
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time and the tenperature data and appliedit tothe --

MR. HODGES: And also if I'mrenenbering
right, you didn't take the peak tenperature and apply
it tothe full circunference of the cask. You used a
tenperat ure gradient fromthe top of the tunnel tothe
bottom of the tunnel and applied those gas
tenperatures to the cask

MR BAJWA: That is correct.

MR. RESNI KOFF: So that tenperature
gradient that you found at 30 mnutes, you then
applied that for 150 hours.

MR. BAJWA: Exactly.

MR. ADKINS: 1'Il continue here, | guess
on the fire boundary conditions. Well, I'll finishup
actual ly. The nodel -- |1 need to provide sone
clarification to you. | see where the confusion

starts. The 150 hours is just how |l ong the nodel was
run. You know, the tinmes at which we say that peak
tenperatures exceed a particular limt that we have
chosen, that is shorter than that duration, so --
additional fire radiation again, one of the things
that | told you, at five neters, the five neter case
-- is there a question, Bob?

MR. RESNI KOFF: Yeah, |I'mlost. | thought

we had established that at 30 m nutes what ever that
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tenperat ure gradi ent was, you' re going to apply that
for 150 hours.

MR, ADKI NS: That's correct. And the
nodel was run for 150 hours, but I'm saying
tenperatures where we say that this is the maxi mum
t hat we can take, are not just automatically reported
at 150 hours. It's shorter than that. Yes, peak cl ad
tenmperatures i s what we ranthis particul ar eval uation
to and made that the judgnent point. So the one
thing, too, here is for the 5 neter case is we went
ahead and establi shed how nmuch heat woul d be com ng
fromthe fire itself via radiation to the surface of
t he cask because it did have a mnor view when it's
that cl ose. So that was al so captures for the 5 neter
case.

The 20 neter, it attenuates so nuch that
it really wasn't necessary to roll it in and it was
neglected. Onethingthat I'dlike to nention hereis
some of the conservati sns associ ated with the nodeling
that we just discussed. Oneis, we all owed the system
to reach steady state. It wasn't noving down the
tracks and convecting and cooling down nore than --
you know, it would have cooled as it was being
transported. The 100 anbient where it's just sitting

out in the sun baking and not noving is sonmewhat
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conservati ve.

The 2D nodeling with 1.5 peaking factor,
that could actually take the -- this spent nuclear
fuel decay heat load up to an order of magnitude of
like 22 to 24 kilowatts dependi ng on, you know, the
rest of the geonetric configuration. So that is
anot her conservati ve approach. Full conduction of the
Hol tite- Awas consi dered t hroughout the fire. Now, if
we did any eval uati ons where we didn't have -- where
we had a post-fire cool -down, what we didis we turned
that into air and made it extrenely resistive to any
kind of heat transfer so the only mechanism was
t hrough the fins.

The fire BC s were consi dered st eady state
after the 30 m nutes NI ST data, so once they reached
peak tenperature, they were just assuned to conti nue
ontoinfinity. Max tunnel ceiling tenperatures were
applied over the whole portion of the cylindrical
surface of the tunnel. And | guess nowit's tineto
di scuss sone of the results here.

The nodel was run until -- basically, it
was run 150 hours but the judgnent criteria that we
used to say that there was a problemwas the prinmary
cont ai nnent boundary and t hat was a fuel claddi ng and

we assessed the tenperature at which we said the
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response time should be limtedto, tothe short-term
regulatory limt of the cladding reaching 1058
Fahrenheit. For the 20-neter source case, it reached
that in 116 hours. To give you an idea of how | ong
that is, it's five days. And that's after the
ignition of the fire. For the five-neter source, it
was obviously shorter. It was 37 hours, 1.5 days,
approximtely and just to give you an idea of the
trends, the particular figures.

Here's the 20-neter case, and as you can
see the surface tenperatures of the casks cones up
rat her quickly. Now, one of the things that needs to
be nenti oned here, too, is, some of thislags withthe
tunnel surface tenperature and things of that nature,
because obvi ously, when you're in the 20-nmeter case,
you're down from the fire so it's going to lag a
little bit. The tunnel tenperatures conme up in that
portion or region, let's see here, but that was only
for the 30 mnutes. |I'magetting confused with some
other cases I'mgoing to present to you here.

But one of the things, | guess, the key
feature is this; the surface cones up relatively
qui ckly. The thermal inertia of this cask is
substantial, includingjust to give you an i dea of how

much t he fuel wei ghs, we're tal ki ng about 1100 pounds,
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times 24 of those and then all of the structura
bodies around this are all steel, you know, wth
conmpar abl e rates. And t hen basically what you can see
is that the fuel has a very long response tinme after
the surface of the cask has come up appreciably and
roughly, again, 116 hours. And then for the five-
neter case, obviously, we have sone things happen
quite a bit faster. The surface of the cask comes up
rel atively quickly in conparison to even the 20-neter
case, but, again, we still have sonme | aggi ng but as
you can see, the approach to 1058 happens obvi ously,
rather quickly in conparison to the previous case and
that was at 37 hours.

Now, one of the things that | was goingto
nmenti on before we go to questions i s, you know, Kevin
was di scussing a case where he had run a fire that
basically | asted seven hours and he can give you the
details of that, but ny understandi ng was, that was
roughly howlong it took to fully consunme the contents
of that tanker car under ideal conditions and then
what he did is ran the nodel out for 23 additional
hours to capture the trends of the whole tunnel
cooling, the wall surfaces, basically you know, the
fluidvelocities comngthrough the tunnel and the air

tenperatures and we went ahead and nodel ed that as
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wel | .

Now, one of the things that | need to
mention is that sone of the assunptions are a little
bit different. This -- we'll call it the 30 hours, so
it was a 7-hour fire, 24-hour -- or 23-hour post-fire.
The pre-conditions were the sane as all the nodeling.
Fire conditions, the gamm shield inmmedi ately went
away at ignition of the fire. The neutron shield
mat eri al, again, was heldto represent conductivity of
pristine material until the end of the 7-hour fire and
then on the post-fire condition basically, that
material to | ock some of the heat in to the cask, that
mat eri al went away and was automatically assuned to
have the conductivity of air.

The tunnel BC's, since we ran out of
tenmperature data, roughly at the 30-hour mark, we
assumed t hat even though the tunnel was going to coo
down further, after 30 hours, and that's, of course,
including the 7-hour fire, that things were held
constant fromthat point. It didn't continue to cool,
because that's all the data we had. The tenperatures
for that particular case maxi numreported. For the
fuel, it cane up to 764 which is obviously, bel owthe
1050A. The canister shell is 809. Cask inner shell

was 859. Ganmma shield, you're getting out to the
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outer periphery of the cask, was 934. Now, the outer
surface of the skin cane up to 1873 and the peak on
that, | think, was after the fuel really started to --
or the fire, and Kevin can coment on this, but the
fire was obviously wel | -established, but al sothat the
surroundi ngs, the tunnel and everything else was
pretty much up to tenperature and so the surface of
t he cask, you know, obviously responds accordingly,
but it peaked out at about 4.8 hours and carried to 7
hours.

Now, another case that we ran was a
ventilated tunnel where Kevin actually opened up the
ventilationtothefiresoit burned hotter. However,
one of the things that was nmentioned and this was per
Chris' recomendations, we went through and did a
search of the peal tenperatures within the tunnel
envi ronnent and t he aver age, where t he hi ghest aver age
tenmperatures were and it ended up com ng out withthis
ventilated tunnel since it had kind of a cant to it
and ventil ated out, you know, in the direction of the
tunnel tipping up. Basically, the peak tenperatures
were reported out around 30 neters from the fire
ignition source.

Sonme of the assunptions associated with

that are the conditions, the same as the previous for
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the pre-fire fire conditions were the sane as the
previous actually, but it was 30 nmeters up fromthe
fire source. And then post-fire conditions, the
neutron shield material again, was pristine until
after the fire was out and tunnel BC s were held 19
hours past the fire, but basically, we ran out of data
again at 26 hours, so we just held those tenperatures
and velocities at that point.

The tenperatures are sonmewhat simlar
here. For this particul ar case, maxi numreported, 776
for the fuel, but you know, out to the surface of the
cask it was at 1821 or further away fromthe fire.
6.3 hours is where it peaked out and carried to seven.
It took a little longer to heat up the portion,
obviously, of the tunnel, | think, is where we're
seei ng response fromthe 4.8 to 7 versus the 6.3 to 7.

| guess at this point, I'd like to open
the floor to questions. Sure.

MR.  RESNI KOFF: | realize that you' ve
taken a cross-section with -- the hottest cross-
section of the cask --

MR ADKINS: Sure.

MR. RESNI KOFF: -- to magni fy sone of the
results that you mght see. But | have a few

questions about that. Sinceit's a 2D analysis, there
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are parts of the cask that you have not been able to
nodel .

MR ADKINS: Yes.

MR. RESNI KOFF: Like the drain port, the
bolts that head into the cask.

MR, ADKINS: Sure.

MR. RESNI KOFF: Do you intend to do that?

MR. ADKINS: Yes. | will comment on this
parti cul ar nodel, though. You know, one of the things
t hat we' re seei ng and we have one that we're comng to
conpletion on which is another cask that we're
eval uating and one of the things that we're seeing
currently is again, you know, one of the things that
| told you about, theinpact limters, is you're going
to have the material nmelt back from the skins and
you' re goi ng to have a huge i nsul ated barrier and t hen
basically you |l ook at the surface of this cask and
it's covered with neutron shi el d except for the inpact
limters for the nost part and naybe the top pivot
trunnions (ph), but all your drain ports and
everything el se are covered by an inpact limter.

Now, another thing that --

MR. RESNI KOFF: That may or may not be
true. If there's an inpact then the whol e inpact

limter could smash down.
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MR. ADKINS: That's true, that's true, but

one thing to keep in mnd, too, and | agree and
obviously, that will need to be further discussed.
One thing to keep in mnd, though is these casks are
drop tested to 30 feet and, you know, they're designed
tomaintaintheir inpact |imters because they are the
protective devices of the upper and | ower portion of
the cask. They're also a thermal shield. One of the
t hings that al so needs to be considered is you have
these drain ports that are underneath the inpact
l[imter and we're -- typically -- | won't say
typically. This particular cask design has netallic
seals that have a service tenperature up to 1200.
Ckay, the peak tenperatures that we saw in the ganma
shield of this particular cask at the hottest cross-
section is 980.

MR. RESNI KOFF: That's degrees Fahrenheit.

MR ADKINS: Yes, good point.

MR. RESNI KOFF: Now, | notice that you' ve
done the sinulation that you showed us is for a 20-
net er di stance and | assuned you have anot her one for
a 10-nmeter distance or not?

MR. ADKINS: A five-neter and a 20-neter
di st ance.

MR. RESN KOFF: A five-neter distance
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t hen. |s there another one here for five neters?

MR. ADKINS: It should be in your hand-

out, | hope.
MR. BIRKY: Yeah, it is, right here.
MR ADKINS: The one after it.
MR, RESNI KOFF: |'m sorry.

MR. ADKINS: The 20-neter first and then
the five-neter.

MR. RESNI KOFF: Okay, well, let ne just
say that there's an accident [imt for the canister
shell inthe HOLTEC TSAR of 775 degrees Centi grade and
that seens -- is that reached within how many tine --
what tinme, 775 degrees Fahrenheit, excuse ne. And
that's reached within what, five hours, three hours?

MR ADKINS: |Is that correct, Chris?

MR. BAJWA: |'d have to check the TSAR, |
don't know that.

MR ADKINS: 775 is lowto ne.

MR BAJWA: That sounds | ow for stainless

st eel .

MR. RESNI KOFF: | have that. |'mglad you
asked that. | brought the handout, | brought the
page. | copied it out of the TSAR Let's see, it's
page 3.5-11.

MR. BAJWA: That's -- it does say here 775
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degrees Fahrenheit. 1'd have to |ook at the TSAR to
see why they picked that nunber.

VR. ADKI NS: Yeah, because nmy
understanding is that particul ar design, they don't
even count on the canister being the containnent
boundary.

MR. BAJWA: Right, soinHOLTEC s opi ni on,
whet her the MPC shell failed or not, it wouldn't
matter. That's how they designed the test.

MR. RESNI KOFF: This is the TSAR t hat you
appr oved?

MR. BAJWA:  Yeah, right.

MR. RESNI KOFF:  Yeah, okay.

VMR, ADKI NS: The canister isn't the
primary contai nnment boundary on this system

MR.  RESNI KOFF: Well, but if you're
counting on the fuel assenblies, you' re counting on
the cladding being the primary containment, you're
| ooki ng at the 778 degrees Fahrenheit, but if you al so
| ooked at the bolts for the cask, you woul d probably
find that they would fail, too. This is ny
conj ect ure. That is, and if the canister itself
failed, and if some of the fuel el enents were danaged,
and there are a snal | percentage that are damaged, you

know, that had degraded cl addi ng even before you, you
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know, start this simulation, then sone of the materi al
will get out of the cask. | nean, all those ifs.

MR. HODGES: That's a lot of ifs. And |
bel i eve what we actual |y consi dered here when we did
t he anal ysis, if you | ooked at the cani ster, | ooked at
the tenperature as it was observed and we used the
l[imt from | think it was an ASVE code as far as when
you start getting creep failure of the materials, and
consi dering theinternal pressure of this canister and
| ooki ng at potential for creep failure and so what we
concluded is it would not fail. W didn't just use
the HOLTEC tenperature limt. We | ooked at the
material and creep failure.

MR. RESNI KOFF: You' re | ooki ng at whet her
the wal | of the canister actually fails? I|s that what
you think is going to fail or do you think the bolt --
do you think the bolts are going to elongate, the
seals on the --

MR HODGES: Well, first off, the cani ster

MR RESNI KOFF: -- inports mght fail?

VR, HODGES: The inner canister is a
wel ded inner canister. 1t does not have bolts. W
| ooked at that i nner cani ster and whet her or not under

the conditions it would fail and based upon creep
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l[imts fromthe ASME code, the answer is no.

VR. RESNI KOFF: Wll, there's an
i nconsi stency between what you say and what the TSAR
says.

MR. BAJWA:  You'd have to | ook and see
what - -

MR. HODGES: What you have in the TSAR i s
probably a conservative limt for other reasons. Wat
we're saying is, in the fire, would this fail and
based upon creep limts and ASME code.

MR. HALSTEAD: Well, | have three genera
conments to make on this and | won't make these | ong
ones because |' mhopi ng at sone future date, Wayne and
Chris, that we'll have anot her neeting. As |'ve said,
for the next three weeks, our primry concern is
analyzing this information relative to a rather snmal
issue, that is how to specify a fire test for PPS.
And we're not satisfied that the | arger issue of the
sufficiency of the cask performance requirenments in
Part 71, but frankly, we're going to spend tine
between June and Decenber of this year working on
t hat .

But first of all, it seens to ne that
there are sone specific differences of opinion here

about the performance of the specific cask that you
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eval uated. Secondly, | have a general concern that |
can't explain as to why your findings are so different
t han sone of the other anal yses that we rely upon. 1In
particular, 1'mlooking at the performance envel ope
anal ysis that Professor M| es G einer prepared under
contract fromDOE. So it's certainly not that |I'm
throwi ng research at you that was necessarily funded
by the State of Nevada.

And thirdly, we think the nost inportant
i ssue regarding the adequacy of the regulations is
given the uncertainties about what happened in the
Baltinore fire, making a conservative assessment of
what the worst fire could have occurred there based on
t he NI ST fi ndi ngs, what happens i f the nost vul nerabl e
cask currently certified by the NRCthat coul d be used
in rail shipnents, and renmenber that includes the
truck casks, because they have been used in rail
shi pments and there are proposals to use them /|l arge
scal e.

And we al so have the issue of currently
licensed rail casks the IF300 and the NLI1024, in
whi ch there are maj or differences bothinternms of the
thermal mass, we're talking about 24 to 27 ton
packages conpared to 130 to 140 ton packages. W're

t al ki ng about nmaj or material s differences, steel, | ead

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

106

steel for exanple, as opposed to the conposite stee

construction. So ny third concern here and the
bi ggest concern | have with the way that this whole
body of research has been put forward publicly by the
NRC is to say we took this anal ysis of what happened
in the Baltinmore fire and we took a cask that in ny
opinion has extrenmely good inherent t her mal
performance characteristics, and includes an extra
regul atory barrier which the State of Nevada has
advocated for many years, i.e., a welded canister
whi ch, in ny opinion, provides nost of the protection
both in terms of creation of direct pathways for

escape of cesium 137, but also has thernal

significance as well. So that's the issue that |I'm
hoping we will cone back to after we've had tine,
first of all, to deal with our imredi ate burden of

dealing with the PPS inplications of all this.

And | know we're going to get into, you
know, sone -- you've done all the presentation work,
right, you're going to put forward?

MR BAJWA: That's correct.

MR. HALSTEAD: | want to just take a
coupl e of m nutes to say how nmuch we appreci at e havi ng
this neeting. Those of you who are close to this

particul ar issue know that there has been -- there
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have been sonme extrenely hard feelings between Nevada
and NRC, on Nevada's part for feeling that we were
excl uded fromneetings and | ' msure on the Comm ssi on
staff's part, a feeling that soneone who's not even a
licensee has asserted the right to interfere in
managenent prerogatives. | really try to see both
sides of this. And having been a project manager, |
know how difficult it is to have neetings wth
contractors when prelimnary reports and data have to
be eval uat ed.

Al that said, I"'msorry that we didn't
have a nmeeting like this back in July of last year,
before you started your work. |"m sorry that you
didn't invite us to the table to explain our initial
anal ysis of the fire and our plans, which have al ways
been pending the conpletion of the NTSB studies to
cone back and take a |l ook at the Baltinore fire with
that information in hand. And ny goodness, that may
be years fromnow as the NTSB schedul e goes. | think
it would be useful if we could work out a better
protocol for the way that you provide information

W feel that we were unwisely, if not
unethically and possibly illegally excluded fromearly
neeti ngs that you had wi th your contractors, but we're

still researching whether you have a legal right to
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exclude us and realistically in a post-9/11 world,
getting in and out of these buil dings, you know, makes
it very difficult for people to show up at a neeting
and say, "Cee, we'd like to speak". So that's an
ar ea.

There's the area of the availability of
written docunents. You know, we had to file a Freedom
of Information Act request in order -- and we burned
alot of resources and frankly, it wasn't very hel pf ul
to us and | wunderstand, Chris, that you had sone
concerns from NTSB as to why you felt you had to
wi t hhol d an essentially conpl eted docunent, the NI ST
report, from August to February but | would argue in
return that you could have elim nated the figure that
t he NTSB was concerned about and then we coul d have
had that data earlier on.

So the long and the short of it is, |
woul d hope in the aftermath of this neeting that we
can work out at least as far as the State of Nevada
and the NRC are concerned, a better protocol for
i nteraction between your staff and contractors and our
staff and contractors on these i ssues so that we don't
have to continually rip each other to shreds in
public.

Now, we're going to have an adversari al
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rel ati onship because that's how |icensing dockets
wor k, but | think that this could have been conduct ed
better. | wish frommny initial contacts with Wayne
Hodges that | had thought this through and deci ded
what do we really want, what do we really need, how
can | clearly state that to the NRC in a way that
woul d make it easier for themto conply with that and
| think you have to | ook at the nodel of stakehol der
i nteraction that has been established in the package
per f or mance st udy. Now, we're not going to parking
lot it here, because for many things that | think
haven't been done in a nutually advantageous way, |
think that there's a good nobdel for the NRC to
consi der patterning its future st akehol der
interactions on, and Chris, you' ve been part of that.
And so you' ve seen that it can be nessy at tines when
it gets to the issues.

So before anything el se, | guess | want to
just reiterate agai n how appreci ati ve we are that you
schedul ed this neeting and brought your people in. |
find that while there are a | ot of unresol ved i ssues,
the i ssues that we needed to deal with nost for the
May 30th deadline, | think this neeting has been
extremely helpful. | think on the larger issue of

| ooki ng at what happened in the Baltinore Tunnel as a
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potential insult to an NRC certified cask, | believe
that's still largely open and we would hope to
interact with you again on that. Thank you.

MR. RESNI KOFF: | know you had sone nore
specific --

MR. BAJWA: What I'd |ike to do, Marvin,
if you could hold you question just we want to try to
get to it but we have run over time and | did proni se
t hat we woul d gi ve anyone i n the public who woul d want
to corment or question. |'dlike to do that. Before
| do that, 1'd just like to nake a comment on your
third point about |ooking at other cask designs. W
are currently doing that for the Baltinore Tunnel Fire
exposure and when we get to a point when we have sone
results onthat, we will put those out and share those
wi th you.

W are al so concerned about other cask
designs. We will not deny that the HOLTEC Hi -Star is
a robust design and has perfornmed very well,
obviously, inthe anal ysis that we've done. So we are
| ooki ng at other cask designs. So l'd like to go to
anyone in the public if you have a comrent or a
question to step to the podi umand st ate your nane and
affiliation if you would, and we'll go from there,

unl ess we've scared the public away. Okay, Marvin,
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why don't you go ahead?

MR. RESNI KOFF: Has this been witten up
yet ? Do you have a report or is just all in
over heads?

MR. ADKINS: You' ve got some information
inthe FOA, basically on the approach for the five-
nmeter and 30-neter primary eval uations.

MR. RESNI KOFF: | just got a fewoverheads
is what | got fromthe FOA. |s sonething elseinthe
mai | ?

MR, ADKI NS: Sonething else is being
wor ked on. At this point | don't know what the status
of it is. There will eventually be a nore fornmal
docunent that expl ai ns the approach for this. W just
haven't had time to gin it up basically.

MR. RESNI KOFF: Is there any -- do you
have any estimate as to when that's going to be done?

MR. ADKINS: 1'd only be speculating. |
really can't tell you at this point.

MR. RESNI KOFF: Because it's fairly hard
to digest all of this without also |ooking at the
nitty-gritty of it all

MR. ADKINS: The one thing | shoul d have
nmentioned right at the begi nning of ny presentation,

but there's only so nmuch you can pack into -- keep in
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your head, but there's a lot of detail in the slides
that typically isn't nmentioned in a situation |ike
this, just because slides are neant to be brief.
There's alot of information in those slides that you
pare it down and t hat was i ncluded for your benefit in
case you had questi ons associ ated with that particul ar
anal ysi s.

And you know, Chris is obviously nore than
equi pped to answer a l|lot of the questions, too,
because he was in on the ground floor as well.

MR. RESNI KOFF: Well, let ne just ask one
nore specific question. Just |ooking at the neutron
absorber on the outside, it's your judgnment that if
t he neutron absorber nelts away, that that actually
provides less conduction, well, definitely |ess
conduction, but there's |less heat renpoval or heat
going into the cask when you have no neutron absor ber
t han when you do. | nean, the design of the HOLTEC
cask with these half-inch radial connectors, it's
desi gned because t he neut ron absorber i s aninsul at or.

MR. ADKINS: Yeah.

MR. RESNI KOFF: And you need to get rid of
t hat heat sone way and so they've -- those el enents,
t hose radi al el ements al so serve as a heat conducti on

pat hway.
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MR ADKINS: Sure.

MR. RESNI KOFF: So, I'm sort of -- 1'd
like to see nore detail about it, but it doesn't | ook
i ke the presence or absence of the neutron absorber
makes much difference in the scheme of things.

MR. ADKINS: | wouldn't necessarily goto
t hat because | can tell you hands down the difference
bet ween t he neutron absorber and pure air. There's a
substantial difference on conductivity and | don't
recall those values offhand. It's been awhile since
|"ve | ooked at those. But, you know, another thingto

consi der, too, is you know, as far as the heat path

in, typically what this -- it's a polyneric material .
It's |like an epoxy and what it does is, it's -- if |
remenber right, it's a thernoset. It may not be a

t hernoset but the stuff chars so bad that it | eaves no
gap for radiation interaction. | mean, it just
basi cal | y degrades the conduction path.

So the fins really are the key to the
design of those casks. And -- well, | guess that's
all | should say.

MR BAJWA:  Merritt?

MR Bl RKY: Well, | sort of have a
question on followup on that in terns of the fins.

Wien you do the calculations, does that take into
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account when that happens, what happens in terns of
the tenperature rise and that sort of thing and once
you | ose that path?

MR. HODGES: Where you get the pyroboric
reaction and all of a sudden there's no path through
that. Well, we have assuned it's there through the

course of the fire to maintain conservatism Do you

see what |I'msaying? | nean, within the seven-hour
period as you can see, we're up, | think the service
temperature of the stuff is up in the -- if it's

anything | i ke the Bisco, it's |ike 300 Fahrenheit, 400
max, maybe 250.

And then if we take a situation where
we're saying that it's fully intact at, you know, 900
to 1400 t hrough the course of the fire, you' re saying
that, you know, it's drawing in nore heat than if you
were to let it degrade. And then, you know, when it
chars --

MR. BI RKY: But then you have nore heat
| oad to get it to dissipate, though, too, do you not,
fromthe fuel? | mean, how does that get out then?

MR. ADKINS: Well, that's the point, it
can only get out through the fins after we degrade it
to the level of oxygen and say that there's no

radiation interactioninthere. So basically, if you
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were to | ook at -- and | understand what you' re sayi ng
there. If you were to |look at pre-fire, fire, post-
fire, and if you were to expose the cask well into the

post-fire and let it come to steady state, after the
stuff was charred, the inner conponents of the cask
woul d be above tenperature, but by the sane token, to
find out that evaluation where that would reside is
those values are in the TSAR The reason is, is
because they have to evaluate that cask after the
neutron shield material gets charred and they do a
sim | ar approach.

They say that it's in full tact through
the fire. After the fire it's gone, so they have
nothing to air in that void and obviously, the inner
components are going to cone up to tenperature, but by
t he sanme token, typically after the cask comes out of
the fire, another reverse wei ghing conponent is the
fact that being sooty, you' re typically higher onthe
out si de just because of the sooting and --

MR. BI RKY: Now, you refer to air, but the
thing is charged with helium is it not, part of it?

VR, ADKI NS: No, not in the neutron
shi el d.

MR BIRKY: No, further in.

MR. ADKINS: Yeah, but | wasn't talking
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about anything to do with that. | nmean, mainly what
you're doing is taking the conductivity through that
thin layer on the outside and reducing its
conductivity slightly because the neutron shields
material is gone.
MR. RESNI KOFF: The concern | have is the
cask outer surface, | mean, your 30-hour NI ST fire
has a cask outer surface of 1873 degrees Fahrenheit.
These conductors -- the outer surface is at 1875 and
that's directly connected then to the shell. But the
shell then is down at 934, about half the tenperature
of the outer shell even though they're connect ed.
MR. ADKINS: Yes. And part of it is, is
because if you |ook at the way those are attached,
it'satiny little weld that's attaching it. | think
it's roughly a quarter inch and there was sone
wei ghing that we did at that particular juncture and
| need to go back and revisit that but one of the
things is, too, is the cask has a huge thernal
i nerti a. It's only on fire for seven hours. You
called it a 30-hour fire. It's not a 30-hour fire.
It's a 7-hour fire. Over the beginning portion of the
fire, whenit starts up, especially at the 20-neter --
" mgoing to get all these nunbers m xed up -- the 20-

net er portion, basically what's happeningis you know,
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it's comngupto tenperature alittle slower because
all the environment around it is comng up to
tenperature slower and then another thing that you
have to keep in mnd, too, is, is at the sane tine,
when it's comng through this hot portion of the top
cask, there's huge conduction paths all the way around
the cask, so it's redistributing the heat readily.

MR. RESNI KOFF: So you don't assune then
that this half-inch radial connector is connected to
the cask body at a half inch. You assume a nuch
smal | er connection so there's not a big connection
pat h?

MR. ADKINS: 1'd have to go back and check
but if | renmenber right, full credit is given to that
till after fire.

MR. RESNI KOFF: Ckay, well, | guess that
will come out in your paper.

MR. ADKINS: Yes. The main driver though,
i s the conduction path that's circunventially around,
you know, because you're talking seven inches
t hi ckness steel, seven inches thick

MR. RESNI KOFF: Ri ght.

MR. ADKINS: Andit's only the top portion
that's exposed to this hot gas, whereas, the side --

and you know, this is relative, obviously relative,
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because t hese are extrenel y hi gh tenperatures, but the
side portion, theair is substantially cool er thanthe
top portion and the bottomis substantially cooler
t han, you know, the top portion and also the side
portion.

MR. RESNI KOFF: Well, as | remenber, the
slides that were shown at t he ACNWyou had it actually
atime -- you showed over tine what was happening to
the various tenperatures and you showed the under-
carriage heating up slowy, much nore slowy than the
top. | renenber that, but then in your nodel | assume
this was taken into account, you assune that the
under-carriage was then reradiating the heat as the
fire declines.

MR. ADKINS: Yes. |I'mnot famliar with
theterm"reradiation". | think what you're sayingis
radiation interaction within the tunnel, so you have
the cask, the tunnel and the cradle all interacting
with each other. Yes.

MR. GARABEDI AN: | have a qui ck conment to
add to the fin --

MR. RESNI KOFF: Just as long as it's not
a question. W're asking all the questions here.

VR,  GARABEDI AN: No. My experience in

actual fire testing would denonstrate that the
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tenmperature on the inside of a steel plate, let's take
a bul khead of a ship that's connected to another
bul khead with a fin stiffener, you have to take into
consi deration the percent area that you're talking
about . It took the cumulative area of steel and
contact with steel and took it over the entire
circunference of all of the other area that's not in
contact with steel. That's a better indicator of how
that tenperature is going to get distributed. If you
have a certai n percentage of steel incontact, it wll
be governed by the rest of it that's not in contact by
a function of the area. It's an easier way to | ook at
it.

MR BAJWA: Al right, I'd like to give
anot her opportunity to any nenbers of the public who
woul d |i ke to make a comment and t hen we need to start
wrappi ng things up. So |ast chance.

(No response)

MR, BAJWA: Okay, seeing no interest,
Wayne, |I'd like to give you a chance to nake sone
cl osing comments and then | have a few nore kind of
paperwork stuff to clean up before we close out for
t oday.

MR. HODGES: | don't have a lot to say in

cl osing other than we've tried to present in as nuch
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detail as we thought you'd be interested in what we
did in analyzing the fire. W still think given the
limted data, it was the best analysis we could do.
W' ve tried to nmake things bounding and we think it
shows the robustness of that cask. W agree that
ot her work on other casks is needed. W 're going to
| ook at them We'Il ook at the other conditions and
all these anal yses take tine.

MR BAJWA: Okay, |'ve been told that
there are additional copies of the handouts and so if
you didn't get a copy of the handouts when you cane
in, please cone to the front here.

The slide that's up now is just sone
addi tional information. There was arecently rel eased
Conmmi ssi on paper which sunmarizes, basically, what
you've heard today. And it is available on the web

and the address is there in case you want to |l ook it

up.

The transcripts for this meeting will be
available. We will rmake them avail able via the web
as soon as we can. That wusually takes, in ny

experience, two to three weeks to get back but we'll
try to do that as quickly as we can
Finally, there are the public meeting

eval uation forns. Sone of you pi cked themup, sone of
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you may not have. |If you have not, please pick those
up and fill themout, if you can. And basically, I'd
like to thank everyone for comng. | think this has
been a very useful neeting. | think there's been a
| ot of good information exchanged. Obviously, this
i ssue is ongoing and will continue. Thereis work to
be done on both ends from what | gather and we
appreci ate any i nput that you have i n what we' ve done.
As you take these slides back and digest them and
maybe think about it nore, you nmay have sone
suggestions or additional comments. Please feel free
to send those directly to ne.

And Bob, you nentioned that we m ght want
to have a neeting in the future. If we feel that we
need to do that, we're open to doing that. So, thank
you for com ng.

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

entitled matter concluded.)
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