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The Advi sory Conmittee net at 8:30a.m in
Room T-2B3 of the U.S. Nucl ear Regul atory Commi ssi on,
One White Flint North, 11555 Rockville PiKke,
Rockville, Maryland, DR M CHAEL T. RYAN, Chairnan,
presi di ng.
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P-ROGCEEDI-NGS
(8:35 a.m)

28) OPEN NG REMARKS BY THE ACNW CHAI RVAN

CHAI RVAN RYAN: We will come to order.
This is the fourth day of the 173rd neeting of the
Advi sory Conmmittee on Nuclear Waste. During today's
neeting, the Commttee will consider the follow ng:
di sposition of public comments on spent nucl ear fuel
transportation package responses to tunnel fire
scenari 0os, NUREG CR-6886 for the Baltinore tunnel fire
and NUREG CR-6894 for the Cal decott fire.

W conpl et ed our di scussions of | etters on
Monday. So we will not have any detail ed di scussions
other than those appropriate to the creation of
letters fromthe two-day working group that we had on
nodel i ng and noni tori ng.

The neeting is being conducted in
accordance wi th the provisions of the Federal Advisory
Commttee Act. MKke Lee is the designated federa
official for today's initial session.

We have received no witten conments or
requests for tine to nake oral statenents fromnenbers
of the public regarding today's sessions. Should
anyone wi sh to address the Conmittee, pl ease make your

wi shes known to one of the Conmittee staff.
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It is requested that speakers use one of
the m crophones. In a small room that m ght not be
too hard to do. And speak with sufficient clarity and
volunme so they can be readily heard. It is also
requested that if you have cell phones, you kindly
turn themoff. Thank you very much

Wt hout further ado, I'Il turn the session
over to our progressive nmenber, Ruth Weiner. Ruth?

MEMBER VWEI NER: | can borrow an agenda?

CHAI RVAN RYAN: Pl ease.

MEMBER WEI NER: Qur speakers today are
going to be Earl Easton and Chris Bajwa, who will
discuss the Baltinore and Caldecott tunnel fire
studies. | understand the draft docunent was i ssued.
There were conments on the draft docunment. And one of
t he points of the discussion will be the resol ution of
t hose comments.

29) DI SPOSI TI ON OF PUBLI C COVMENTS ON

SPENT NUCLEAR FUEL TRANSPORTATI ON PACKAGE

RESPONSES TO TUNNEL FI RE SCENARI OS

MR. EASTON: Good norning. Thank you, Dr.
Vi ner.

Today nyself, Earl Easton with the Spent
Fuel Project Ofice; Chris Bajwa; and Harold Adkins

wi || be going over the responses to the two studi es we
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did: one on the Baltinore tunnel fire, which was a
rail tunnel fire; and the Cal decott tunnel fire.

These were published last fall. They were
put out for publish. These were published in draft.
They were put out for public comment. W did receive
a nunber of conments, both fromthe public, fromthe
ACNW when we initially briefed you on the Baltinore
tunnel fire. W had a nunber of internal staff
comments. And, of course, the last thing we would
like to focus on is your questions because they have
al ways been hel pful in guiding us.

To start with, we got comrents from four
sources fromthe public request. And they were from
t he Nor t heast Hi gh-1 evel Radi oacti ve Wast e
Transportation Project; the Brotherhood of Loconotive
Engi neers and Trainnen; the State of Nevada, their
agency for nuclear projects; and one froma private
i ndi vi dual .

| think we circulated these last night to
the Conmttee electronically. And what |I'mreferring
to is an appendi x which will be in the back of the
study, which is a nore detailed discussion of how we
addr essed each specific coment with nore detail than
the ones that we're going to discuss today.

Today's approach is basically we sorted
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the comments and sort of picked out what we thought
were the major areas of focus. And those are the
coorments we got on the location, severity, and
duration of the fire; the fact that the initial study
did not consider lead nelt for the NAC-LWI TCAST; the
conposition that we assumed for CRUD. W assuned it
was all cobalt-60 for sinplicity.

W had a comment on the potential |oss of
| ead shielding. W had coments on how do you
consi der fuel that m ght be damaged or hi gh burn-up
brittle at being shipped. W had sone comments on the
per f ormance of cask seal s.

And we al so had sone conments, "Well, this
isjust really basically | ooking at the consequences.
Can you put it in sone sort of risk perspective?”
And, again, there were sone individual comments in
appendi x Gthat are nore specific topics that we won't
really discuss unless a question conmes up that you
m ght have.

Again, just to set the stage, this is our
basic nodel that we used. There was no spent fue
cask in either one of these accidents. So we're
playing a "What if?" game. The nodel assuned a tank
car, a buffer car, and as spent fuel car. And, of

course, they're separated by about 20 neters in the
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The fire started in aleak in the tank car
and then engulfed the whole tunnel. Basically it
burned in a pool area. And that fire heated the
tunnel, which then re-radiated heat into the cask.
And that's basically the nodel

W use a duration of 7 hours followed by
23- hour cool -down. During that cool-down, of course,
the tunnel is continuing to radiate heat. And we got
the tenperature profiles primarily fromwork done by
the National Institute of Standards and Technol ogy,
NI ST.

The first area that | amgoi ng to address
it the location, intensity, and duration of fire.
Comments basically were, did you put the cask close
enough to the fire? Wuld it have been worse had you
have pl aced the cask closer to the tank car?

The duration of the fire, couldn't it have
been nore than seven hours? |Is that the appropriate
length of time? And couldn't the fire have burned
hotter?

First, addressing the |ocation of spent
fuel cask, we would call the attention of the
Commttee to requirenments that DOl has on the

pl acenent of spent fuel and high-level waste in
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9
trains. They have a regulation -- it's 49 CFR 174. 85

-- that requires a non-placarded, nonhazardous car to
i nt ervene bet ween spent fuel casks and any ot her cl ass
of hazard, such as flamable |iquid.

This is a depiction of an actual shipnent,
spent fuel cask inthe mddle. You see the two buffer
cars. The tank car if it had been present in this
shi prent woul d have been on either side of those two
box cars, but that's to give you an indication of the
spaci ng.

When you appl y that, when you | ook at what
real ly happened at the tunnel -- and this diagramin
the wupper left-hand corner is nodified fromthe
Nat i onal Transportation Safety Board report, but this
is a sketch -- cars 47 through 55 derailed. Car 52
was the tripropyl ene tank car.

So had theoretically a spent fuel cask
been in that manifest for that train, it would have
been perhaps in site 54 or site 50 with 51 and 53
being the buffer cars. Okay?

Coul d you have gotten the tank car cl oser?
Vell, if youlook at a schematic of the tunnel | ooking
end on, you see that there is not really much roomto
go around a tank car. And there's not really much

room really, to go override a tank car for the --
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should | say the buffer car.

| f you | ook top view, we have 3 rail cars
basically 60 feet -- dueling | asers here. W have 3
rail cars roughly 60 feet in length. The tunnel is
about 15 feet. And even if you try to squeeze them
together, you don't really get nuch closer. So we
t hi nk, really, what this i ndi cat es is the
ef fectiveness of the DOT rule. This is, indeed, why
the rul e was inpl enment ed.

The fire intensity. Let me just go over
how we derived the intensity that was used in the
study. Wien we had NI ST actually go and anal yze the
fire, they cal cul ated based on their nodels -- and,
again, their nodels are benchmarked in actual tunnel
fire experinents -- that the anmount of heat input
would have been around 1.7 times 10° Btu, or
50- negawatt, fire.

They predicted in the first half-hour to
an hour that the fire would becone oxygen-starved.
And this is a picture fromtheir report that they used
to explain that. Fresh air is trying to cone here,
and it gets entrained here. And it's being forced
back out on the sides. And it's being used, oxygen is
bei ng used, at a nuch faster rate than it can enter

into the tunnel
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Again, this is in an unventilated tunnel.
Sonme tunnels are ventilated. They predicted a peak
tenperature in the range of 1,800 to 2,000 degrees
roughly. And the hottest tenperature that their nodel
predicted were really within the first half-hour but
withinthe first hours, to be certain, was about 1,472
degrees Fahrenheit at the ceiling above the source of
the leak. And the peak ceiling tenperature at the
cask surface, which is, again, sone 60 feet down, only
rose to 752.

This is their actual prediction nodeling
of the fire as it occurred. Gkay. Wat did we use?
W assumed an intensity ten times this high. W
assumed a 500-negawatt fire, 1.7 times 10° Btu per
hour. And how did we get that fire? WIlI, in the
nodel we actual ly had to physically punch holes in the
tunnel to get in enough oxygen. You know, this is
stoichionetric for the chemical engineers in the
audi ence.

W actually burned all the fuel. W know
in the real accident that some of the fuel didn't
burn. | know ny coll eague Chris has found news
articles that a day or so later some sewer |ids had
popped because sone of the propyl ene had m grated and

had pockets. But NIST told us a lot of this probably
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just vaporized or soaked into the ground and really
didn't participate in the initial fire.

W assuned that it was all burned and none
| ost to vaporization or seepage. That led to a peak
tenperature of 2,084 in the flame region, which is a
little higher. And the tenperature at the cask, where
you have the ceiling, the brick ceiling, above the
spent fuel cask, where it would have been placed
about 1, 830-sone degrees Fahrenheit. And that |asted
for over three hours in their seven-hour nodel,
seven-hour fire,.

So we believe that we appropriately
nodel ed an intensity that isrealistic. The duration,
the Baltinmore tunnel fire lasted --

CHAI RVAN RYAN: Let me ask you a question.
How is it realistic if it's ten tines nore the
realistic envisions? 1t's a bounding case.

MR. EASTON: Right.

CHAI RVAN RYAN: A couple of things strike
nmne. One is -- and, you know, | understand what you
did, but you got very significant digits on
tenperatures, like three.

MR. EASTON. Right, right.

CHAI RVAN RYAN: And, yet, you assuned ten

times higher. So sone of the specificity that you
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have in your slides and then just jacking up by a
factor of ten notes you will be exactly consistent.

MR. EASTON. Ckay. Good question. Wen
| say realistic, this tunnel was not ventilated. |In
real life, sonetimes you have tunnels that are
ventilated. You could get oxygen flow.

So what we did is we said if you got to
all the oxygen flow that you needed to support the
fire, howbig would it be? And this is where we cane
up with a factor. It could be a factor of ten tines
higher. So it is nore realistic if you have a
ventil ated tunnel.

Does that answer?

CHAl RVAN RYAN: It does. Does the
docurent explain the basis for the factor of ten?

MR ADKINS: Yes. |It's in the NIST
docunent, the docunent --

CHAIRVAN RYAN: It's in a different
docunent. That's not as high-focused in your
docunment. And you explain the basis.

MR. ADKINS: Actually, we have added
ver bi age over that. Harold Adkins from PNNL

W have gone ahead and added verbiage to
t he docunent that explains the fact that it coul d have

been a tunnel that involves ventilation, |ike current
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tunnel s, because this tunnel is fairly old and then
also the potential for the fuel not to seep or
anything else like that into the ground or not
participate in the conbustion process.

CHAI RVAN RYAN: So the factor of ten is
probably a realistic scenario --

MR. ADKI NS:  Yes.

CHAI RMVAN RYAN:. -- based on your ot her
assunpti ons?

MR, ADKI NS:  Yes.

CHAI RVAN RYAN:  Ckay.

MR. ADKINS: |If the fuel is not to seep or
go below into the water drai nage system or what have
you and then there is enough oxygen to participate in
t he conbusti on process, those are t he nunbers that you
woul d come up with.

CHAI RVAN RYAN. Ckay. | think that's a
very inportant distinction because when you say, "W
assume ten times nore," that sort of gives the
i npression that you're --

MR, ADKI NS:  Yes.

CHAI RMAN RYAN: -- in a world that's way
above reality, but what |I'm hearing now is we're
probably on the center line of reality.

MR. ADKINS: Right. And we wanted to nake
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sure of the potential, you know, if there was anot her
tunnel or scenario that --

CHAI RMAN RYAN: Yes. If it was as clearly
laid out inthe docunent, | think that's hel pful. But
if it just looks like you assunmed a factor of ten
hi gher for no apparent reason, that's not good.

MR ADKINS: Under st andabl e.

CHAI RVAN RYAN: Ckay. G eat.

MR EASTON: And | should nmention that al
of the comrent areas that were gone over, substanti al
revisions were made to the docunent.

CHAI RVAN RYAN: Fair enough.

MR. EASTON. Ckay. And then we tried to
link it back to the original docunent, too.

The N ST analysis used pool size, a
reasonabl e pool size, because t hat determ nes how f ast
the fuel was consunmed. So it basically is roughly a
25-foot by 25-foot or the footprint of a tank car, a
rail car as the pool size. And if you supply it with
all the oxygen it needs, it would consune that in
about 6.7 hours. W think that to be a reasonable
proxi mati on.

Just to give you a little |linkage to sone
of the other studies that we have done, 6672 was a

maj or exami nation of spent fuel shipnent risk.
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They have a table in that docunent that
says 99 percent of large train fires |ast less than 7
hours. And they also have in there experinental data
which say that a fully engulfing fire would under a
rail cask last approxinmately 7 hours, too.

CHAI RVAN RYAN: \What about those one
percent ?

MR EASTON: \What about the?

CHAI RVAN RYAN: The one percent? Are they
three days or a week?

MR. EASTON. No. And, again, this in 6672
was an interpretation of FRA data. W have gone back
and | ooked at FRA dat a.

CHAI RMVAN RYAN: | lived in Augusta,
Ceorgi a, near Augusta, CGeorgia. And there was a train
that burned for four days there. So, | nmean, is it a
big difference?

MR, EASTON:  No.

CHAI RVAN RYAN: How do we know t hat?

MR. EASTON. Well, when you say that the
fire lasted for four days, | think you' ve got to be
very car eful

CHAI RVAN RYAN: Wy not ?

MR. EASTON. For exanple, the train --

CHAI RMAN RYAN: The train was engul f ed,
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all the cars, for four days.

MR. EASTON:  Yes.

CHAI RVAN RYAN: It burned like crazy.
Towns were evacuat ed.

MR. EASTON. Right. But that's not
unusual because if you have, like, for exanple, a
propane tanker on fire, it will get a hole and it wll
| eak sonme out. And it will catch fire. And then the
standard practice is not to put that fire out unless
you can plug the | eak. And sonetines these things
take 15 days to burn out.

They look like they're fully engulfing.
Firenmen are cooling the other end to keep it cool so
it doesn't levee. That's why you have peopl e
evacuated for the tinme |ength.

CHAI RVAN RYAN: Again, what |'m reaching
for is all that rich detail which hel ps you under st and
that 99 percent of large train fire last 7 hours or
| ess.

MR. EASTON. Right. W're going to get --

CHAI RVAN RYAN: | need to know about the
ot her one percent to know |I'mconfortable with that.

MR. EASTON. Okay. W're going to get to
that a little later on.

CHAI RVAN RYAN: Fair enough.
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MR. EASTON: We're going to get to that a

little later on when we put it into risk perspective.

CHAI RVAN RYAN: Ah. Now we're tal king.

MR. EASTON. Ckay?

CHAI RVMAN RYAN:  I'1l wait.

MR. EASTON. Ckay.

CHAI RVAN RYAN: Now you know where |I'm
goi ng.

MR. EASTON. Yes, yes. And that's where
we were headed, too, | think

CHAl RVAN RYAN: Great.

MR EASTON: So, in conclusion, on these
coments, we think that the | ocati on sel ect ed based on
the regulatory requirenents for shipnents was
realistic. W think the intensity and duration
nodel ed exceeded those in the actual tunnel fire but
adequately refl ect maybe a nore severe fire that could
be fully oxygenat ed.

And we think that we -- well, we know t hat
we anended the report to include a lot of this
information. W put tables and charts and that sort
of thing. So that's really how we handl ed that series
of comments.

The next one |I'm going to turn over to

Har ol d, who was the chief nodeler. And this addresses
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| guess Dr. Weiner's comment on the lead nelt.

MR. ADKINS: Musical chairs. Again,
Har ol d Adki ns from PNNL

One of the conments issued by the ACNWI s
that within the reports of Baltinore and the anal ysi s,
of course, Baltinore and Caldecott tunnel fire
studies, we didn't consider lead nmelt and that not
nodel i ng of | ead nmelt could affect the outcone of the
analyses in two ways. For one, it would yield
non-conservative results fromthe shi el di ng st andpoi nt
if you had | ead slunp and then an extra-conservative
result fromthe perspective of internal tenperatures
within the cask

W went ahead and updated. To address
this question, we went ahead and updat ed t he nodel of
the LWI and to include the effect of lead nelt.

What we have here, just to show, | guess,
that we have the latent heat effusion taken into
account is when you consider different points along
the cask as a function of tinme as it approaches, as we
consi der | ocations where there's alittle larger |ead
vol une, going across the cask to points where thereis
al so sonewhat of an insulative barrier after the
neutron shield ruptures, we get an arrangenent where

basically the tenperatures rise, plateau, plateau off,
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and then we'll hold until they nelt. And then after
nelting, we'll continue to rise again. And then, of
course, on the way down, they'll plateau again and
| evel off until the effects of the |ead solidifying
have gone away.

The net effect of nodeling this is we did
obtain some margin, mnor additional margin, on the
peak cl ad tenperatures for the tine history. And what
you see here is basically the dashed line is
negl ecting the thernmal effects of lead nelt and t hen,
of course, including the effects of lead nelt. And
these are the peak clad tenperatures in reference to
the ruptured tenperature.

MEMBER WEINER Is that peak clad
tenperature the sane one you had in the draft report?

MR. ADKINS: Yes. The neglecting right
here, the dash.

MEMBER VEI NER:  Yes.

MR. ADKINS: Then the solid is, of course,
including the lead nelt. Average tenperatures,
there's a little nore margin presented, of course.
The last one | think we're about 100 degrees
different. Here we're about 120 degrees different
and, again, with quite a bit of margin to cl addi ng

rupture, which is primary contai nnent boundary.
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The next effect of the seals is sonewhat
negligible sinply due to the fact that they are
out board on the outside surface of the cask for the
nost part with the exception of the cask closure lid
seals. As you can see here, the plots al nost
identically overlay.

CHAI RVAN RYAN: Excuse ne. Could you just
refresh us a little bit on the heat |oad that
perneated that curve? | noticed it's a 30-hour curve.

MR ADKINS: Sure, sure. There it is.

Let ne nake sure | understand the question. Miinly
you're asking nme what is causing the effect for the
tenperature rise frominitiation of the fire --

CHAI RVAN RYAN: Wiat were the input
assunptions to nake the tenperature go up and then
cone back dowmn? 1Is that a five-hour, six-hour fire or
so?

MR. ADKINS: That's a 6.67-hour fire, yes.
And what it was was the second case that Ear
expl ai ned that you had questions on regarding the
magni t ude.

CHAI RVAN RYAN:  Thanks.

MR. ADKINS: And | guess obviously
including the lead nelt provides a nore realistic

analysis and denonstrates additional margin wth
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regards to the fuel cladding. And the report has been
nodified with the results and concl usi ons associ at ed
with those additional analyses. And a very good
cormment, Dr. Weiner. Thank you.

Next | believe it's Chris Bajwa. Are you
back on stage? Thank you.

CHAI RVAN RYAN: Thank you.

MR BAJWA: | amChris Bajwa. | ama
thermal reviewer in the Spent Fuel Project Ofice.
And | amgoing to tal k about something that's alittle
bit outside nmy area of expertise, but hopefully | can
do well with it here.

One of the questions that we had fromthe
ACNW was about the assunption that we nade that 100
percent of the CRUD that can cone off the fuel rods
was cobalt-60, that that was the main radi onuclide
constituent of the CRUD. And the question is, is that
a valid proximation? And how would it affect the
doses in this case of any particul ar rel ease?

W did a little homework on this. And
much of the information that we found came from a
Sandi a report on the estimate of CRUD contribution to
shi ppi ng cask cont ai nment requi renents and t hat Sandi a
88-1358. This table is actually right out of that

particul ar report.
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It turns out that you can see here that
for a PAR assenbly, which is what we're considering
for the NAC LW, the total activity decreases to about
-- these nunbers are in the report. And then I'l|
explain the graph that's there.

The total activity for a single PWR
assenbly decreases to three percent of that at
di scharge after five years. So this is discharge from
a reactor to the spent fuel pool. And five years
after that, you have only three percent of your total
activity. And then it decreases to one percent after
13 years.

CHAI RVAN RYAN: Wy is total activity up
t here?

MR. BAJWA: Wiy is total activity?

CHAI RVAN RYAN:  Yes.

MR BAJWA: Well, in this case, that's
just a little background on --

CHAI RVAN RYAN: Ch, okay.

MR. BAJWA: -- what we're doing with this.
And then the cobalt-60 in that accounts for 92 percent
of that total activity at 5 years and then 99 percent
of that total activity at 8 years.

So if you |l ook at the graph here, you see

these constituents: cobalt-58, nanganese-54, and
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cobalt-60. The cobalt-60 is really the bad actor, so
to speak. That's the one that you' re npbst concerned
with as tinme goes.

CHAI RVAN RYAN. Well, 1've got to probe
this alittle bit if you don't m nd.

MR. BAJWA:  (Ckay.

CHAI RVAN RYAN: This is a whol e bunch of
other things, like the iron, nanganese, nagnhesi um
other things. And it is real easy just to collect
themall up, analyze it.

| know cobalt is always picked on as the
double ganma ray and it's the only one that's
transmtted through, but | wonder about that.

MR. BAJWA: Ckay. Well, part of the other
thing, too, that we |ooked at is the fact that
cobalt-60 is inthis case alimting A2 val ue as wel |l
when you're tal king about dose. So the A2 value is
sufficiently |l ess than sone of the other constituents
here.

CHAI RMAN RYAN: | guess |I'm maki ng the
point that it's real easy to know the exact inventory
and then just <calculate the transmission for
everything. That way you're not guessing or
conprom sing the inventory.

MR. BAJWA: That's true, yes. One of the
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t hi ngs, though, that we have seen in this cal culation
t hat we have done, too, is that the increase in the
actual release will be very small, even if we did
count those other constituents.

CHAI RVAN RYAN: Ch, we've got a rel ease
now. All bets are off. Cobalt is not inportant.

MR. BAJWA: Cobalt is not inportant?

CHAI RMVAN  RYAN: It's uninportant.
Plutonium curium all things --

MR. BAJWA: (Oh, yes, sure.

CHAI RVAN RYAN: What is the magnitude? So
if you' re | ooking at an i nternal exposure, the gane is
different.

MR. EASTON. He's tal king about just the
rel ease of CRUD

MR. BAJWA: Right, in this case.

CHAI RVAN RYAN: Rel ease of CRUD to what ?

MR EASTON. To the outside.

MR. BAJWA: To the outside.

CHAI RVAN RYAN: All bets are off. Cobalt
is not inportant.

PARTICIPANT: | think it's a sinple
rel ease of CRUD wi t hout breach --

CHAI RVAN RYAN: W t hout breach?

MEMBER VEI NER: Wt hout breach of the --
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CHAl RMAN RYAN: He said to the outside.

So that's a whole different ball game. Cobalt is
important. |'m backing up.
PARTI Cl PANT: We'll get to the others.
CHAI RMVAN RYAN. All right. Fair enough.
MR. BAJWA: So consequently, just as
anot her note, for five years of something that's
called "five years," the hottest assenbly that you
could put in any of these casks that we're anal yzi ng.
So basically what we have presented here as far as
CRUD, we think that it is a reasonable constituent.
This is the sanme thing for BWR assenbl i es
wi t h maxi mum CRUD spot activities. For BWR assenbly,
the total activity decreases to 31 percent of that at
di scharge after 5 years and a one percent after 30
years. And in this case, cobalt-60 accounts for 98
percent of that activity at 5 years.

CHAl RMAN RYAN: Can | ask anot her dumb

guestion? Wy is cesiumnot on the radar screen here?

MR BAJWA: For the CRUD, | don't believe
t he cesium --

CHAI RVAN RYAN: It's still in the fuel.

MR, BAJWA: It's still in the fuel, yes,
but for the --

CHAI RMVAN RYAN: It's about 25 percent of
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the total gamma ray transmi ssion if you' ve got cobalt
and cesi um

MR. BAJWA:  Well, we actually are going to
tal k about what m ght conme out of the fuel. And then
cesi um becones the major player there. But for the
CRUD, cobalt-60 is considered to be reasonable for
CRUD deposits for --

CHAI RVAN RYAN: Again, | hate to be thick,
but I'mstruggling with rel ease of CRUD. Rel ease of
what CRUD to where from where?

MR. BAJWA: Basically the CRUD that we're
tal king about is a deposit that is on the surface of
the rods in the fuel assenbly.

CHAI RMAN RYAN:  Ri ght .

MR BAJWA: And so if there is a sea
failure, inthis case we're basically postul ati ng that
because the seals have breached their surface
tenperature, they go away. So there is a possibility
that you could have sone release from the interna
cavity of the cask into the atnosphere. In this case,
what we're taking into account for is --

CHAI RMAN RYAN. You just told ne it's
i nsi de the cask

MR. BAJWA: Inside the cask, right, inside

the cask cavity. W' re assum ng intact fuel
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CHAI RVAN RYAN:  Yes.

MR. BAJWA: So all we're having --

MR. EASTON: C adding hasn't failed.

MR. BAJWA: Right. d adding hasn't
fail ed.

CHAI RVAN RYAN: That's the hook | needed.
Ckay. Thanks.

MR. BAJWA: (Ckay. And we do go into
details as to the additional rationale for the
sel ection of cobalt-60 to represent the CRUD in the
report. So this is captured in the report.

And 1'Il let Earl take over and tal k about
| oss of |ead shi el ding.

CHAI RVAN RYAN:  Thanks.

MR EASTON: Musical chairs here.

Agai n, one of the cormments that we got --
and this | think canme primarily fromthe Brotherhood
of Railroad Engineers and dealt with the protection
and the safety of their workers -- was that we di d not
consider the possibility of |oss of |ead shielding;
that is, the |ead exceeding its nelting point and
sonmehow sl unpi ng because, again, this was not that
type of accident that could result in any i npacts that
woul d breach the outer contai nnment wall of the cask.

So we're just tal ki ng about | ead.
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W went back and consulted primarily with
Sandi a National Lab, who had done some work in this
area. And what we did is we talked to them about a
particul ar nodel when they had anal yzed this issue
before. The nodel is pretty sinplistic. It starts
out before the fire. This is the |lead shielding. And
this is the one fuel assenbly.

What we did as a result of the fire, we
| et the | ead shielding expand. W held the inner wall
constant in dianeter. W let the |ead expand. And we
| et that push out the outer wall. W didn't take any
credit for when it cools down. That outer wall may
come back and squeeze the |ead back in place.

So the vol une that the | ead expanded to i s
basically this volume here. So we said that the | ead
sunk back down when it solidified as sort of a
boundi ng case, and it left a void. GOkay? W don't
think that there are scenarios that a void would be
bi gger, larger than that in any particular area. It
woul d be very unlikely.

And we did calculations based on the
shielding. Sandia did calculations. W did
i ndependent cal cul ations. W basically cane up with
t he same answers.

What that showed is as a result of the
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firein this void, the dose rate went up at one neter

froml4 mlliremto hour to about 330. That was still
within the regulatory limt that we allow after a

hypot heti cal acci dent condition of 1,000. There is no
regul atory dose rate at the surface, but you can see

the surface rate did go up appreciably.

CHAI RMVAN RYAN:. Wy are you using
sieverts?

MR. EASTON. Why what ?

CHAI RMVAN RYAN. Wy are you using the
International Units? | didn't know the NRC had
converted to this.

MEMBER WEI NER: | think both of them

MR. EASTON: Well, the transportation --

CHAI RVAN RYAN: No, not both of them

MR. ADKINS: Here, right here.

MEMBER VEI NER:  Yes. You have mllirens
per hour and mllisieverts per hour.

CHAI RMAN RYAN: Ch, it's 1,000 mllirem
per hour. Ckay. MIllisieverts. GCkay. |'mreading.
Sorry. The other challenge is, how can you have five
significant digits? Please stop doing that to
your sel ves.

MR. ADKINS: You got ne on that one.

surrender on that.
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(Laughter.)

MEMBER VEI NER:  What did you use to
calculate the shielding? Did you use nmicroshield or

MR EASTON: Yes, mcroshield.

MEMBER WEI NER:  Ckay.

MR,  EASTON. Sone of your | guess
col | eagues at Sandi a use nicroshield to help.

MEMBER VEI NER:  Yes.

MR. EASTON:. And we reran all the
calculations to make sure. And we worked w th Doug
Ammer man to make sure that the structural nodeling is
i nternal

And, again, this chart, these diagrans,
are included in the report nowin a discussion. So we
believe -- and, again, this is --

MEMBER VEI NER: Excuse ne, Earl. Did you
i nclude the mcroshield nodel in the report?

MR. EASTON:  You nean the actual data from
the --

MEMBER VEI NER:  Yes, the actual. Yes.

MR. EASTON. No. W just basically put
these tables in so we were in these cal cul ations. And
we didn't actually.

So we believe that even for the case of
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lead nelt and resolidification, that the doses woul d
remain below the regulatory limts for hypothetica
accident conditioned under Part 71. And we have
revised the report to reflect that.

W do appreciate that coment. W think
it was a good comment. W had focused only on the
rel eases. And we think that was, again, a very good
corment. And that nade the report rmuch nore conpl ete.

kay. Chris is going to cone back up and
handl e this tough one with the cesium and |I'I|l be
here to help him

MR. BAJWA: | always appreciate Earl's
hel p on these things.

Al right. So we're going to talk about
the effects of damage and high burn-up fuel. |In the
original studies, we didn't deal with either high
burn-up or damaged fuel

We di d have several comments on this, both
from the public and from the industry. As we
presented the results in different industry foruns,
the question cane up. And so we decided that we
definitely needed to take a | ook at this.

The rel eases that we're tal ki ng about are
actually fromthe NAC LWI cask, which is in this case

carrying a single PWR assenbly. And the reason that
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we don't consi der damaged fuel or high burn-up in the
ot her casks that we | ooked at, the TransNucl ear 68 and
the Hi ghStar 100, the TransNuclear 68 is not |icensed
to carry damaged fuel. So it would not have a payl oad
t hat woul d i ncl ude danaged f uel

The HighStar 100 has an inner canister
that is welded. And that in our analysis thermally
did not fail. So there is nothing available for
rel ease fromthe H ghStar 100, even if it was carrying
damaged fuel. So that's why we're only | ooking at the
NAC LW here.

VW went to NUREG 6672, which has been
nmentioned a couple of tines. And in that docunent,
t hey actually have an anal ysis that is done for truck
cask in a severe fire. And they |ooked at the
rel eases that could conme from damaged f uel

The fuel that they used in their analysis
was high burn-up. It was 60 GAD per MIU. And they
assumed that there was a 100 percent burst of all the
fuel rods and that the tenperatures were hi gh enough
to volatilize cesium

Sothisis essentially worst-case scenario
interns of they didn't project that only a percentage
of the fuel was failed. They said all of it was

fail ed.
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And so the release fraction that's
cal cul ated in that docunment for cesium 137, which we
believe is the bad actor here, for severe fires is 100
percent rod burst at 1.7 times 10° That particul ar
rel ease fraction is a nunber based on essentially a
seven-factor fornula.

And it includes the fraction of cesium
present in the fuel assenbly, in this case a single
PWR fuel assenbly, that's available for rel ease, the
fraction that plates out. So they assune that sone of
it does plate out before it gets out or is deposited
on the internal cavity of the cask as well as the
differential pressure between the cask cavity and the
at nrosphere and to all ow the rel ease.

EXECUTI VE DI RECTOR LARKINS: So what
fraction of the cesiuminventory does this represent?

MR BAJWA: | think the nunber is -- well,
it's 1.7 times 10° is the release fraction for
cesium137. So that's the fraction that you nultiply
by the total activity of the cesiumin that PWR
assenbly to get the release, whichinthis caseis 1.4
curies. So you take --

EXECUTI VE DI RECTOR LARKINS: Ckay.

MR BAJWA: It's in that formula. You

take the release fraction. You multiply it by the
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total activity that you have for cesium 137 for a
single PWR assenbly. And that's how you determ ne
what the rel ease is.

MEMBER VEI NER: What did you assune for
the internal tenperature of the cask to get plate out
at the walls? Because if the internal tenperature of
the cask is the sane as the external tenperature, |
don't see where anything is going to plate out. It
has to be a little cooler.

So what ki nd of assunptions were made for
the internal cask tenperature? Ws that during the
seven hours of the fire the internal tenperature
hadn't reached the external tenperature or what?

MR. BAJWA: In this case the cal cul ation
| think assumes a cooler tenperature allow for the
plate out. So | don't know exactly what -- it m ght
have been assuned that the internal tenperature is at
the tenperature of the fuel rods bursting, which |
believe is 750 C

And then the external tenperature is the
fire. And the interior would definitely be cooler to
allow for the mechanism O herwi se you wouldn't take
credit for it. So that's a good point.

CHAI RVAN RYAN:. Did you do any follow up

analysis with the 1.4 curies in terns of exposure
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scenario to individuals or how did you handl e that
1.4-curie rel ease?

MR. BAJWA: Well, basically the 1.4 curies
is 10 tinmes less than the A2 for cesium 137. And the
A2 obviously is based on dose. So in this case, we
are focused on the A2 val ue.

CHAI RVAN RYAN: So A2 was just the netric
you stopped at?

MR. BAJWA:  Pretty nuch.

CHAI RVAN RYAN:  Ckay.

MR. BAJWA: So the potential rel eases for
damaged or high burn-up fuel are less than the
regulatory limts. |In this case, the A2 value is our
benchmark that was established for transport safety.

And the report actually includes a new
section that details this evaluation, goes into the
cal cul ation, explains the seven-factor fornula and
what not .

MEMBER VEI NER: What happens if you don't
assurme plate out?

MR BAJWA:  Your rel ease would increase.

MEMBER VEINER: Yes. Did you do that
guantitatively, |ook at that?

MR. BAJWA: We did not do a sensitivity on

pl ate out.
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MEMBER VEI NER:  Ckay.

MR. BAJWA: W just assuned that that is
a reasonabl e mechanism So we didn't |ook at that.

CHAI RVAN RYAN: Did you say you have got
a margin of about a factor of ten between?

MR BAJWA:  Yes, the A2 for cesium 137 is
14, 14 curies.

CHAI RVMAN RYAN:  Ri ght .

MR BAJWA: So Earl will talk about
performance with cask seals.

MR. EASTON: And, again, this whole issue
of cesiumis nore fully described in the 6672, which
i s based on experinental studies, the vapor pressure
on various cesiumsalts, tenperatures and that sort of
thing. So we just basically adapted that.

One of the conments we got is about the
failure of seals. And, again, | would like to
enphasi ze that we didn't take any credit for any of
the seals in calculating these rel ease fractions. W
really took credit for the small clearances between
the lid and the cask body.

And so we didn't really go too much into
a di scussi on of cask seals, although we have tal ked to
research about doing sonme additional confirmatory

research, maybe about | ooking at how seal s behave in
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severe fires or how those cl earances behave in severe
fires.

So basically we just pointed out again
that we didn't take any credit for seals. One m ght
ask, why are the seals really there if you don't take
any credit?

Vel |, renenber when you shi p under norma
conditions, the release rate is based on the very
strict health physics nodel, where you have to be in
close proximty for a year and you count up everyt hing
over that year. So it has had a very, very tight
rel ease rate. And to get that, you have to have a
very, very sensitive seal. And you have to have a
strong cl anpi ng force.

So a lot of the function of the seal isto
make sure you conply with normal conditions of
transportation. W had that extra margin to extend it
out to hypothetical accident conditions, but alot of
t he contai nment is providing and keepi ng t he cl addi ng
i ntact and keepi ng that cl earance snall and fast. And
we did add sone | anguage to the report.

| just wanted to enphasize here that we
only got one comment on the Cal decott tunnel fire.
And that comment focused on -- | guess we got a

comment from an individual that was wth the
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California Hi ghway Patrol and commented that the
report in NTSB was different and could we reconcile
t hat .

And | think we said, "Wll, we're goingto
steer clear of reconciling that" and tried to depi ct
the accident as accurately as we could and with the
boundi ng-type anal ysi s.

So that was the only coment, but nmany of
the comments we got on the Baltinore tunnel fire have
applicability to the Cal decott. So we |ooked at al
t he BTF comment s and nade changes in the Cal decott as
appropriate. Gkay? W just assunmed they were
coments al so on the Cal decott.

CHAI RVAN RYAN: Were there any differences
in the CHP versus the NTSB report as well?

MR. EASTON:. Do you want to get into that?

MR. BAJWA: Ckay. Al we really know
because we didn't really pursue it is that there were
differences in how the accident actually happened.
And what we were told by the individual fromthe CHP
was that NISB admitted that -- well, NTSB never
admtted that there were any differences. And they
stuck by what they thought the accident, as descri bed
in their report -- how it happened. And CHP j ust

t hought that their version was nore accurate.
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CHAl RMAN RYAN: \What are the differences,

| mean, in terns of --

MR BAJWA: W never asked what the
di fferences were.

MR. EASTON: | think they were nore
focused on the sequence of the accident --

MR. BAJWA: Exactly.

MR. EASTON: -- and cause, the root cause.

MR. BAJWA: Right, not within --

CHAI RVAN RYAN: That's really the focus of
my question, sonme assunption that would change what
you assunmed the analysis. | nean, that's a weakness,
but --

MR BAJWA: | don't think it --

CHAI RMAN RYAN: The differences that you
t al ked about don't have an effect on your assunpti ons.
| assume that you took these differences of that
context into --

MR. BAJWA: | think when we just described
how t he acci dent happened, sonebody said, "Well, it
may have happened a little differently, but the
consequences are the sanme.” So we didn't get involved
in --

CHAI RVAN RYAN: And you said that in your

report?
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MR BAJWA:  Well, we can --

MR EASTON: | think we said it in our --

CHAI RMAN RYAN: | think it is inportant.
|"mjust trying to think about how to close this up.
If you say, "Well, there mght have been slight
differences in the sequencing, but in ternms of your
assunptions for inpact analysis that didn't have any
bearing, that's inportant for vyou to nmke an
assessnent on that.

It sounds |ike you have done that. You

ought to just say it.

MR, EASTON: Yes.

say it in appendix G which
CHAI RVAN RYAN:

MVEMBER CLARKE:

| think we're going to
i s attached.
Ckay.

Earl, while we're on that,

could I ask a question about the heavy carbon fuel?

You have on slide 6, | guess, 7, tripropylene, a

speci fic hydrocarbon fuel.
have you bounded the case?

ot her hydrocarbon fuels.

Does that matter? | mean

Qobviously it could be

MR, EASTON: Yes. | nean, | --

MEMBER CLARKE:

t hese situati ons?

Were they different in

Is this actually the fuel that was
in one of the --

MR EASTON:  No.
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MEMBER CLARKE: Because you have a --
MR. EASTON: This was actually the fuel

So a lot of the details were based on that fuel, but

MEMBER CLARKE: For both fires?

MR EASTON: The fire for the Cal decott
was gasol i ne.

MEMBER CLARKE: Sorry. | guess what |'m
asking i s your anal ysis doesn't really matter what the
fuel is. You ve --

MR. EASTON. W were told given all the
paraneters, that, you know, the exact nature of the
fuel was not all that domnant. W were told that.

MEMBER CLARKE: Yes. | just wanted to see
how you - -

MR. ADKINS: The flammability rating of
the tripropylene is directly parallel to that of the
fuel that was involved in the Cal decott tunnel fires.

MEMBER CLARKE: But other hotter fuels
that could change your analysis or have you bounded
t hat ?

MR. EASTON: | think these are typical of
-- thisis like no nean. You know, there are |ike al
different chains. | think this is the typical nean

for a hydrocarbon. | think it would be tweaking and
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not really that nuch

MEMBER CLARKE: Not that inportant to the

anal ysi s.

MR. EASTON: |1'm a chenical engineer. So
| didn't trust them | went back and pulled the
nunbers.

CHAI RVAN RYAN: That's all reflected in
your report?

MR. EASTON: No, not this. This is ny --

MEMBER CLARKE: | just wanted to probe you
on that because you were nentioning a specific fuel
and a specific fire.

MR. EASTON. Do we have a specific
argument about generalizing the hydrocarbon fuel ?
know t he NI ST report.

MR. BAJWA: Basically what we understand
fromN ST -- and Dr. Kevin McGrattan did the original
FDS nodels. In fact, he's just next door in an ACRS
neet i ng.

I n general, hydrocarbons behave very, very
simlar when you put themin full fire situations. So
t he di fferences that woul d be between tri propyl ene and
some of the other hydrocarbons that could be
transported on a rail or would be transported on a

rail would not change the nunbers very nuch at all
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MEMBER CLARKE: | guess what | am
suggesting is you mght want to put alittle bit about
that in your report.

MR, BAJWA: kay. That is a good
guesti on.

MEMBER WEINER: As a matter of fact, al
you will get, the biggest difference you would get,
woul d be the heat of bond rupture from the nother
car bon- hydrogen bond duri ng anot her couple of those.
And that would be lost in your other heat |o0ss.

MEMBER CLARKE: | think that probably
nmerits an expl anati on.

MR. BAJWA:  (CKkay.

MEMBER CLARKE: So we'll --

MEMBER HI NZE: Let ne ask a rel ated

guestion if | mght relate to the location of the
fire. If you |look at a petroleumtank farm what you
see are the tanks. And each one will have a dike

around in case thereis afire, the fl owthe petrol eum
product is confined to within the dike.

Have you considered the possibility of a
rupture of a tank and then the | eak-out, the run-out?
And so that the fire will actually be in greater
proximty to the spent nucl ear fuel.

MR. EASTON. You nean |ike a stationary
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t ank?

MEMBER HI NZE: Yes. Well, you have the
tank rupture. And if there is insufficient oxygen,
you won't have or you will have run-out of the fuel
And that fuel could get much cl oser to your canister.
And, therefore, your tenperatures would be higher.
Have you consi dered that?

MR EASTON: | don't knowif we've done
t hat exactly analysis of a stationary tank rupturing.
W have gone back and |ooked at all the train
accidents. And sone of those involved tank cars,
where you have rupture and run-out.

And what we have done -- | guess | had a
couple of different graphs here. W have actually
gone back in sone of these accidents and taken the
graphi cs of howthe tank cars end up. And you usually
al ways get a buffer car the way that these things
accordi on.

I n every acci dent we see, you get a buffer
car between the actual tank car in the spent fuel
casks. So if it's burning at the site of the tank,
you usual Il y have sonething intervening.

MEMBER H NZE: But the run-off could stil
go underneath the car.

MR. EASTON: It could, but --
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MEMBER HI NZE: It woul d nove beyond the
buffer car.

MR. EASTON: But you would have to get a
pretty fully engulfing fire under the whole tank car
because these are pretty big heat sinks if I'm
fol | owi ng.

MEMBER HI NZE: Yes, | understand.

MR. EASTON: And, you know - -

MEMBER HI NZE: But you al so get run-off.
And that fire could be in nmuch greater proxinmty than
you're assumng by this buffer car.

MR. EASTON. Yes. Wll, this again is
j ust focused on tunnels and focused on rail accidents.

MEMBER HI NZE: Wi ch woul d be even nore
confining. It would confine the run-off.

MR. EASTON. Well --

MR. ADKINS: One of the things that |
think m ght be prudent to be nmentioned is if you did
have m gration of the fuel, potentially what you coul d
get is a larger pool.

And when we did sonme sensitivity
eval uati ons, you know, one of the things that worked
against us is the fact that the fire did |ast seven
hours because these casks have a trenendous anount of

thermal inerti a.
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So if the fuel burns up abruptly, it's
actually less danaging to the actual cask and the
contents itself. So if the fuel were to mgrate, you
woul d have a high potential that the fuel would be
potentially larger and yield a | esser effect than what
we have studi ed here.

Pool , the pool size that was selected in
a square area as well, there was a | ot of thought, |
guess, regarding the selection of that particular
square area to work agai nst us fromthe standpoi nt of
working with the tine constant associated with the
cask.

MEMBER HI NZE: But did you also take into
consideration the proximty of the fire, then?

MR. EASTON: Yes. And, in fact, I'mglad
we're back on that. There were a couple -- you know,
Kevin McGrattan gave us quite a bit of data, as you
woul d i magi ne, for the particular fire.

And Chris and | actually went through and
| ooked for, prior to the buffer car discussion | ooked
for where we were going to witness one of the higher
heat fluxes associated with the | ocation of where the
fuel woul d be and where the cask coul d potentially be.

Qddl y enough, with the exception of being

directly in the fuel pool, by the way the flamng
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product mgrates and the way the tunnel is oriented
and the way the cask was potentially situated, at
| east the rail car |ocation, the 20-neter | ocation was
actually one of the worst where we witnessed one of

t he hi ghest heat fluxes just due to the fact that the
conmbusti on process was quite a bit nore efficient at
that particular |ocation.

MEMBER HI NZE: Does that get into the
report, then, that thinking?

MR. EASTON. In a sense, yes, fromthe
regard that we have touched onit. And also a |ot of
t hese details have been included in the N ST report.

MEMBER VEI NER: What happens in the event
of a dual track tunnel, where you could actually have
-- | noticed that was one of the coments, but if you
have a tank car on the other track, so to speak, then
you don't have the accordion.

MR. EASTON. W're getting to that, yes,

MEMBER VEI NER: Ckay. |If that's --

MR. EASTON. -- unless you want ne to give
you the answer now.

(Laughter.)

MEMBER VEEI NER: Wl I, if you're getting to

that, I'll wait. It's tough, but I'll wait.

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

49
MEMBER HI NZE: W suckered you into that

one, didn't we?

(Laughter.)

MR. EASTON. W are going to get right
intoit. Okay?

MEMBER WEI NER:  Ckay.

MR. EASTON. And, again, we're trying to
put this again in sone risk perspective. As you know,
when Kevin Crow ey canme to brief you on this, he said
that basically the outstanding safety issue if there
was one was |l ong-duration fires. And so we went back,
and we | ooked at | ong-duration fires, fully engulfing
fires. And the tunnel was a conmponent of that.

The Baltinmore tunnel fire, the Cal decott
tunnel fire, our general survey of FRA accident data,
and sone actions we have taken with the Associ ati on of
American Railroads all are geared towards addressing
this report. So that's really how we're going to use
the Baltinore tunnel fire as one piece of data in the
end that we're going to use to address the NAS
concl usions on |long-duration fires.

| hope | don't bore you. Sone of you have
probably heard sone of this alittle bit before. 1"l
go through it real quick. W went through 30 years of

data, 21 billiontrain mles. In that tine, there had
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been 1,726 rel eases of hazmat from vapor to nmultiple
tank cars. W went and assessed those acci dent
reports. Based on that assessnment, we think we have
| ess than ten where there have been severe fires.
MEMBER VEI NER:  Coul d you go back to the
preceding slides, then? You actually have 11

significant figures on nunber of train mles.

MR. EASTON. | just added up the data from
FRA.

(Laughter.)

CHAI RVAN RYAN: That's actual addition
That's fine.

MEMBER VEI NER:  Yes, that's fine.

CHAI RVAN RYAN:  In relation to where we're
going, it's not. | heard you say you added up the

actual figures.

MR. EASTON: Right.

CHAI RVAN RYAN: |I'mokay with it.

MR. EASTON. Approximately 21 billion
mles. Ckay.

Now, real quickly, to set up the answer to
Rut h' s questi on, when you | ook at these rail accidents
-- and these are events per mllion mles -- you see
that railroads in general have becone safer, but this

purpl e area, nost of the accidents are derail nents of
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single trains. GCkay? Very few collisions. And
others, as you know, in rail yards and that sort of
t hi ng.

Wy is that inportant? WlIl, in
collisions, youusually don't get | ong-duration fires.
And the reason why is trains have regulations that if
they're |l ong enough, the first hazmat car has to be
like six cars back fromthis end and six cars. And
trains usually collide in the front and the back

When you side swi pe, you only usually get
one or two cars at nost involved. It turns out that
nost times that you have a fire, it's atrain with 10
or 12 cars going off the track and getting junbl ed up.

kay. The other point, again, this is
accidents. These are total nunber of accidents now
because we're in rail yards. |It's hard to do by
mles. Half of the accidents happen in rail yards,
and half are outside rail yards.

So of all of these accident that we | ooked
at, again, looking at the approximately 21 billion
mles of train travel, nost were derailnments of a
single train. W could only find one really severe
fire that occurred in the tunnel. W have been
studying that for five years now.

It is Ilikely that in all of these
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acci dents, what we have found is that there haven't
been fully engulfing long-term fire that fully
engul fed a cask because either the placenent of a
spent fuel cask, where that woul d have ended up, we
have gone back and actual |y mapped the | ocati on of the
cars and nunbered them and say, "Wat if you picked
spent fuel ?"; that sort of thing.

The nature of the flammable nmaterial, a
| ot of these are flammabl e gases which either BLEVE
intoabigfireball and it's over very quickly or burn
and they burn back to the tank car and they | et those
burn for days and evacuate whole towns for days and
they won't |et anybody back into those towns unti
those tank cars are enpty because they don't want an
expl osi on.

Soit'sreally not the fire danger. It's
of ten an expl osi on danger. And the nobst severe parts
of the fires are over very quickly. And in al nost
every case, we have found that emergency response
peopl e were there very quickly. Okay?

Now, do these three factors work well in
tunnel s? Well, you can't get in a tunnel to do
energency response. The nature of the flanmabl e
things, the gas just eats up the tunnel. And the

pl acenent of spent fuel casks, well, | don't think
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that's too bad. So maybe tunnels are a little unique.
That is what we found out.

Sois there asinple fix perhaps to all of
this? Wll, nost big shipping canpai gns we think,
like DOE, will use dedicated trains. So if you derail
a single dedicated train with no fl ammabl e |i qui d, you
probably have pretty rmuch elimnated that.

W went to the Association of Anerican
Rai | roads, and we said, "Wat happens if you have
flammabl e liquids in a tunnel with spent fuel at the
same tine? |Is there a way that we could put on
operational controls on the railroad to prohibit
t hen?"

And we did that because we're not the
experts because i f we prohibit shipnment, we m ght make
sonmet hing el se | ess safe, you know. So we said,
"You're the experts. Can you do that?"

We approached themin March. In July they
changed their rules. The rule says that when you have
a tunnel with two tracks, single bore, you re not
allowed to have a train with run-over I|iquids and
spent fuel at the same time. The exact wording is
given in one of the backup slides. Gkay? That's
Or-55, revision I.

And we think with that, that is about the
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best operational control you can have to elimnate
tunnel fire. So we think dedicated train tunnel fires
takes what is really a |l ow probability event as cl ose
to zero as we can practicably achieve, as close to
zero as we can practicably achieve.

So that's what really cane out of this
study and the NAS study is we do have an operati onal
control through the Associati on of American Railroads
that woul d prohibit that. They' re probably |ess than
ten of these type tunnels in the whole country; that
is, double tracks in the door. And so they said it
was not an undue --

CHAI RMVAN RYAN: Really? There are only
ten like that in the country.

MEMBER WEI NER: Mbst of them have dua
doors.

CHAI RVAN RYAN: | under st and.

MR. EASTON: There were a nunber, a higher
nunber, at one tine, but nost all of them had the
second track renoved and the other track |located in
the center to accommodat e hi gher cargo.

CHAI RVAN RYAN: Interesting.

MR. EASTON: And where you have a | ot of
traffic, the trend has been to do a separate door.

CHAI RMAN  RYAN. This is just an
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of f-the-wal |l question, but, | nmean, are any of these
| ast ten dual tracks anywhere near where spent fuel
woul d be shi pped?

MR EASTON: That | don't know.

CHAI RMVAN RYAN: |If they're all in North
Dakota, it's not a big deal for anybody.

MR. EASTON: | think there may be one or
two | ocated i n the Northeast, but generally they route
around them

CHAI RVAN RYAN: Interesting.

EXECUTI VE DI RECTOR LARKINS: | just have
a general question. You said half of these occur in
the train yards. Have any of these gone from sinple
deprivations to detonations or have they had any nore
energetic types of events other than just the sinple
pool fire?

MR. EASTON. Yes. And | won't bore you,
but | have a whol e presentation on that with maps and
rail yards and everything. There have been a few
where initially you have BLEVES, you have a puncture
and you have it explode. And then usually it catches
some sort of cargo on fire, like, you know, if you
have tires, they burn, but they' re not fully engul fing
as with respect to a spent fuel car. They are with

respect to the tires or the paper. And we have gone
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back to one in Akron, OChio, where you had a BLEVE.

The best thing for spent fuel casks is to
probably go ahead and let the thing explode, but
that's not the best for a lot of other cases. So
primarily how these accidents work is you either get
a puncture and you get a nmuted expl osion or you get a
fire that burns with some intensity and then burns
back to the tank car.

There's one fanobus exanple, Wywauga,
W sconsi n, where they had an evacuation for 15 days.
And it burned for 15 days. But there are cases where
the firenmen had to go back and relight the fires
because sonme of the fires were going out.

They were trying to vent the tanks,
i nstead of actually going back and relighting. And I
pictured them standing on top of the tank cars
relighting them And this is one that nany critics
cite, and they evacuated for 15 days, but after about
the first 3 hours, the fire is under control. And
these are all what they call pressure fires, and they
cone back

But they evacuated that town for 15 days.
By t he ei ght h day, you had peopl e standi ng on t he tank
cars with pipes out fighting them So, anyway --

MEMBER WEI NER: Can you go back a second?
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Okay. The AAR has made a rule. And, admttedly, even
the situation where this could occur isn't going to
happen very often.

How can you be assured that the trains are
going to abide by the rules? It's one thing to make
arule. W all know that the rules are broken now and
agai n.

MR. EASTON: That's a very good questi on.
W asked that question. First we approached the
Federal Railroad Administration to see if they were
interested in regul ation.

MEMBER VEI NER: Yes. And they said no?

MR. EASTON: And they said no. The best
way to doit, the nost efficient way to doit, really,
the rules that are as ironclad as you can get are the
circulars that AAR put out because they control the
five or six mmjor railroads. And it's the top
executives that agreed to the rules. And these are
pretty nuch the | aw of the | and.

Now, we take that on faith fromthe
Federal Railroad Administrationalittle bit, but they
said, you know, it'sintheir interest todoit. 1've
heard that before, too. And since there are only
about ten of these tunnels, it's not a big burden

They' ve been sensitized to this.
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In the circular, it says the NRC has
requested that this action be taken. And so the
rail roads know that we have requested it, we feel
serious about it. But it does not have the force of
| aw or regulation, but it's the nost expedi ent way we
could go. And we have asked the Federal Rail, who is
in charge of this area. They did vent this, like I
say, with all the mgjor railroads. They did change
it.

MEMBER HI NZE: Earl, how rmuch nonitoring
would there by the NRC, DOE, et cetera, in the
transport of these special trains, these dedicated
trains, toelimnate the kind of possibility that this
is bringing out?

MR. EASTON: M/ experience has been there
will normally be quite a bit of nonitoring of these.
St ates have stopped trains to inspect them to go to
that I ength. The Federal Railroad Adm ni stration has
special protocols in to double check equipnment on a
nore frequent basis, double check tracks.

| don't know if this has made it in
because this is July 16th, but we have made all the
states aware of this. And in the end, it will be up
to the railroads to apply the circul ar.

Since it's not a regulation, it would be
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up to then the states to | guess use the bully pul pit
to really make thi s happen or anot her inportant thing,
since there are so few of these and states -- thisis
for Yucca Mountains -- states are now actively engaged
and DCE i n deciding the routes, the preferred routes,
as you know. And they may very well decide to use
this as a factor.

MEMBER VEI NER:  Yes. Let ne correct one
t hi ng, whi ch DOE keeps bringing up at these neetings.
The states will not decide the routes. DOE wil |
deci de the routes.

MR EASTON. That's correct.

MEMBER VEI NER: And the states can say
that they have preferred routes. And, actually, when
you look at it, if you | ook at nost of these routes,
which go across the country, there are very few
choices. At nost through any particular state or
region, there are three possible, three, four at the
out si de possi bl e routes that you can t ake because t hey
have to connect.

MR. EASTON: Right.

MEMBER WEINER: So | did want to correct
t hat .

MR. EASTON. And you're right. States

don't pick the routes. DCE and shippers pick the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

60

routes, railroads. They are sensitive. And they are
doing studies now in an advisory capacity to DOE
These are the routes.

MEMBER VEI NER: These are routes.

MR EASTON: A lot of themin the M dwest
don't go through many tunnels. A lot of the tunnels
in the nountains in the west are single bore. And |
think you will just find a very few choke points at
dual. And | think that they will consider that in
routing. That is probably the best and qui ckest we
could do to even reduce what | want to enphasize is a
very small risk

W didn't find any cases of fully
engul fing fire. Qur conclusions on the tunnel fire
are that it's relatively benign. But, despite that,
if there's asinplerule that you can sensitize people
to, then we think it basically elinmnates it.

CHAI RVAN RYAN: Okay. Are there any other
guestions?

MEMBER VEI NER:  No.

VI CE CHAl RVAN CRCFF:  Yes. Can | take you
back to slide 11? 1've got a question about that
first bullet. Are water mains comonly in these
tunnel s? And what woul d have happened if there wasn't

a water main to the accident?

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

61
MR. EASTON. | don't know that they're

cormon in this tunnel. It just happened to be
collocated with the water main. It basically put out
the fire. If we wanted to nodel the Baltinore tunnel
fire correctly, we would have nodel ed a three-hour
fire, but we didn't want to take any credit for the
water main. That's why we --

VI CE CHAI RMAN CROFF:  GCh, so your scenario
didn't take any credit for that?

MR. EASTON. No, sir. That's just
historical. Sorry. That's just historical data.
That's the way it happened: sonething mjor
intervening that was over primarily in three hours.
But we went and said, what would it take to consune
t he whol e tank there?

VI CE CHAI RMAN CROFF:  The second questi on,
the buffer cars that are normally used, are they
normal Iy box cars or flat cars? The picture you
showed | think showed flat cars | renenber.

MR EASTON: If | renmenmber, | think it was
actually -- well, | think the buffer cars are actually
the box cars in this picture. See, what you are
| ooki ng at, the spent fuel cask sits in the mddle of
a long car. So that space there is just the end of

that flat car.
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VICE CHAIRVAN CROFF: | was seeing

somet hing el se there.

MR. EASTON. But if your question is it
could be either, it could be a flat car, but, then
again, that holds basically -- it would be a |ong
space. But the space between the box car and the --

VI CE CHAI RVAN CROFF: The reason for the
guestion is the overriding, cars overriding, issue.
It seens a flat car woul d be a bit easier to override.

MR. EASTON. Yes because | guess a flat
car with the ends m ght cone up to where that arrow
says on eight feet maybe, you know, cut that off,
sonmething |like that, because, you know, you usually
have ends on t hem

VI CE CHAI RMAN CROFF:  Yes.

MR. EASTON: And you coul d concei vably get
a tank car up over that, but it would be -- you know,
t hese are very heavy. And you sort of have to angle
it right. Again, this was not a collision. It didn't
have nmuch force.

And, again, these gointo a coupler. And
t hose coupl ers have been strengthened within the | ast
coupl e of years to not let that fall apart. The nost
likely node is now, fromwhat FRA tells ne, that the

couplers don't give, but the rail cars just fall over
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together and try to remain coupled. Really, that's
one of the focuses: to keep those couplers together.

One of the biggest cause of accidents up
until that tinme was the couplers coning apart and
puncturing. So they worked on keepi ng those
connections as strong as they can.

CHAI RVAN RYAN: Al l set?

MEMBER VEI NER:  Ji n?

MEMBER CLARKE: | just think it's
important in the casks to clarify that you have | ooked
at theidentity of the different hydrocarbon fuel s and
you get to bond to that situation or your analysis is
such that it's insignificant just to show --

MR. EASTON:. We'll put in that. Good
corment. W'l put in that.

MEMBER VEI NER: | 've got three questions.
If it's true that in the nodel that you have you never
really get to the clad rupture tenperature, what about
damaged fuel ? What would you significantly rupture,
get into the actual fuel if you had damaged fuel to
begin wth?

MR. EASTON. If you had danaged fuel to
begin with, I'massum ng that nost of the krypton and
all of that is gone, right?

MEMBER WEI NER:  Yes.
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MR. EASTON: And so the cesium rather

than being volatile if you're not talking the
tenperatures, is nore of a particulate. And it's just
trying to get particulate out through a closure. |Is
t hat where you are?

MEMBER WEINER |1'm just asking the
guestion. The cesium would be cesiumchloride, --

MR. EASTON: Right.

MEMBER VEEI NER:  -- no matter where it is.
And | was just wondering if you had -- well, let's
t ake the case of de-clad fuel.

MR. EASTON: Right.

MEMBER VEI NER:  What woul d happen at these
t enper at ures?

CHAI RVAN RYAN: De-cl ad fuel ?

MEMBER VEI NER: Wl |, they have sone that
don't -- | know.

MR. EASTON. Chopped-up fuel ?

MEMBER VEI NER:  Yes, chopped-up fuel.

CHAI RVAN RYAN: That's not de-cl ad,
t hough.

MR. EASTON: Well, yes. And | think
probably 6672 addressees that to sone extent.

MEMBER VWEINER: |If they do, | apparently

don't renenber.
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MR. EASTON: The reason we chose the

particul ar anal ogy or reference to 6672 i s because we
t hought cesi umbecones a bad actor if it's at a higher
tenperature and you have a vapor tenperature and you
have sonet hing that can get through small cl earances.
And | think at |ower tenperatures, you don't have
that. Wat is the nelting point for cesiun? It's up
over 1,000 degrees for nobst cesium Vapor pressure is
pretty |ow, too.

That is what this nodel is really based
on, the vapor pressure of cesium | think if you had
| oner tenperatures, it works in your favor. You're
just trying to get the particulates out. It's hard to
get through tight clearances. But we didn't really
| ook at that.

MEMBER VEEI NER:  Coul d you have a pool fire
in the tunnel? How likely is that?

MR. EASTON: A pool fire in the tunnel?

MEMBER VEEI NER: A pool fire in the tunnel.

MR. EASTON. | think it's nore likely to
have a pool fire in the tunnel than not in the tunnel
because outside the beds are generally raised and
there's poor substrate. Conceivably you could have a
concrete floor or sonmething like that.

But when you think about what it would
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take for a fully engulfing fire for a | ong period of
time -- this burns about what, 11 inches per hour? So
if you wanted to have a fire, you woul d need 70 i nches
of fuel. And so you have to feed that pool, you know,
at that rate to keep the pool right under that cask

Most of these tunnels have what, a three
percent grade? So you dunp all the fuel out. And
it's going to spread over a wide area. And that area
will determ ne howfast it burns. And if it burns up
faster, you know, away fromthe cask, it probably gets
you nore attuned to what we analyzed wth the
radi ati on coming fromthe tunnel

So we didn't see that as a particul ar
i ssue because this was a |low probability that we
t hought that woul d happen. That is, it runs out that
small hole and it goes all the way down 60 feet and
forms a pool. And it's just that right configuration
for that period of tine.

MEMBER VEI NER:  Finally, the test seguence
in 71.73, you think that that is adequate to cover
this particular concern? | know that question has
been raised fromtime to tine in the past.

MR. EASTON. Well, ny opinion is yes
because we did an anal ysis for a nuch | onger tine than

what that test is, although it's not the exact
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condition. And we didn't find that you really get
significant rel eases.

So | think any tine you ask if the
regulation is adequate, we're really protecting
against real-life accidents and go back and | ook at
real -life accidents. And if you study real-life
accidents, you would find that nothing bad happens
because you have a cask designed to a standard. |
think that's sort of where you want to be.

CHAI RVAN RYAN: Well, | think that's one
of the strengths of your study is you really have a
pretty robust database of nmiles of accidents. You
know, you've got a mle of gasoline. You go back
years and years. There's nothing left out.

So that's a strength, and | think that is
somet hing to enphasi ze in your report. |If you' re not
maki ng up an accident scenario, you have devel oped

that accident scenario from actual experience over

many, many gazillions of mles. So that's a plus.
The one area | think -- it's just a
guestion nore than anything. | renenber a few years

ago we talked. And MIt Levinson asked about DOD and
DCE experience on m|les with these kinds of shi pnents.
s that in your database?

| know vyou're looking at what's in
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commerce. And this, of course, wouldn't be in
comerce, but as a fraction of the total, DOD and DOE
have put a ot of stuff on the rail.

MR EASTON: Well, | wll double-check
that, but | believe it is because naval reactor
shi pments for nost DOE do use conmmercial carriers.

CHAI RMAN RYAN:. And | think if you could
just qualify and say that is included or that's not
i ncluded or part of it is and part of it's not, that
woul d be an enhancenent to the power of your scenario
devel opnent .

You know, it's not just comercial nucl ear
power fuel that's going fromAto B. It includes the
broad spectrum of radioactive material shipnents in
this arena. And if you just qualify that alittle
bit, I think it would be a real -- you know, would
bol ster your case.

MR EASTON: | don't renenber if DCE has
any secret trains that they know, but they're probably
not in the database.

CHAI RVAN RYAN:  Yes.

MR. EASTON: | know Navy reactors, they go
out and hire Union Pacific. And that's all answered.

MEMBER VEI NER: St aff, questions?

MR WDVAYER. Well, | have one.
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It's Derek Wdmayer, ACNWstaff. |'m not

advocating --

CHAI RVAN RYAN: Could you come up to the
tabl e, pl ease?

MR WDMAYER  Should | kneel ?

(Laughter.)

CHAI RVAN RYAN: You can if you want.

MR. WDMAYER |'m not advocating this as
part of the study but just a curiosity. As Dr. Ryan
said, it seens |like you have a trenendous anount of
data on accidents and you have covered your bases.
Did anybody ask you to extend that, think out of a
box, and think about if sonmebody attacked the train
and did this on purpose and --

MR EASTON: Well, we have another whol e
i ndependent effort that |ooks at sonebody attacking
casks or security systens. | guess --

CHAI RVAN RYAN. That's a separate area we
probably should just |eave right there.

MR. CAMPBELL: This is Larry Canpbell.

That's really outside the scope of this
study. And now you're into safeguard space and
classified space. So that's outside the scope of
t hi s.

CHAI RVAN RYAN: Thanks for your question,
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Der ek.

MR. W DVAYER  Ckay.

MEMBER VEI NER: O her questions?

(No response.)

MEMBER VEI NER:  Nobody? Well, thanks very
much.

CHAI RMAN RYAN: This is great follow up.
It really is good, and |I'm pl eased to hear that sone

of the comments you have recei ved fromthe public have

MR. EASTON: We'll have to cone back on

t his one.
(Laughter.)
CHAI RMVAN RYAN: Thank you very nuch
Wth that, we're a little bit ahead.
W'l go ahead and take a break and resunme at 10: 30.

By the way, this will conclude our fornmal part of the
record. We're going to be considering letter witing
and other activities. So the record will close here.
Thank you.

(Whereupon, the foregoing nmatter was

concluded at 9:59 a.m)
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