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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ + + + +
ADVI SORY COWM TTEE ON NUCLEAR WASTE ( ACNW
138TH MEETI NG
+ + + + +
TUESDAY,
NOVEMBER 19, 2002
+ + + + +
ROCKVI LLE, MARYLAND
+ + + + +
The neeting convened in the Auditorium of the
Nucl ear Regul atory Comm ssion, 2 Wiite Flint North,
11545 Rockville Pike, Rockville, Maryland, at 8:30
a.m, Ceorge M Hornberger, Chairman, presiding.
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RAYMOND G WYMER Vv [ c e
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M CHAEL RYAN ACNW

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

ACNW STAFF PRESENT:

SHER BAHADUR

HOMRD LARSON

JOHN LARKI NS

GUESTS PRESENT:

DOUG AMMERVAN

CHRI S BAJWA

E. WLLI AM BRACH

TOM DANNER

LARRY FI SCHER

ROBERT FRONCZAK

BRI AN GUTHERVAN

ALAN HANSEN

I AN HUNTER

ROBERT LEW S

PETER SH H

KRI'S SI NGH

ALAN SOLER

M CHAEL YAKSH

ACNW
Speci al Assistant, ACRS, ACNW

ACNW

Sandi a National Laboratories
Spent Fuel Project Ofice, NRC
Spent Fuel Project Ofice, NRC
NAC I nt er nati onal

Lawrence Livernore National
Laboratories

Associ ation of Ameri can
Rai | r oads

Hol t ec | nternational

Transnucl ear

Transnucl ear / COGENVA

Spent Fuel Project Ofice, NRC
Transnucl ear

Hol tec | nternati onal

Hol t ec I nternati onal

NAC | nt er nati onal

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

|-N-D-E- X
Agenda
| ntroductory Comments -- Statenents of

hj ectives and Overvi ew
Chai r man Hor nber ger
M Ilton Levenson
Transportation Wrking G oup Wrkshop
Bill Brach
Doug Ammer man
Sunmary of Law ence Livernore National
Laboratory Research
Vendor Anal ysis and Testing
Kris Singh - Holtec
Peter Shih - Transnucl ear
M chael Yaksh - NAC .
Anal ysis of Fires
NRC s SFPO, Chris Bajwa
Di scussi on
Conpari son of Analysis and Testing to
Actual Railway Experience

Robert Fronczak

Ameri can Associ ati on of Railroads

Di scussi on

Publ i ¢ Comrent s

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

Page

30

91

156
171

184

230

248

258

270

283

(202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

P-ROGEEDI-NGS
8:30 a.m

CHAI RVAN HORNBERCER: The neeting wl|
cone to order. This is the first day of the 138th
nmeeting of the Advisory Committee on Nucl ear Waste.
My nanme is George Hornberger, Chairman of the ACNW
The other committee nenbers present are George Wner
-- Raynmond Wner, Vice Chairman, John Garrick, Mt
Levenson and M chael Ryan. During today's neetingthe
Conmittee will hold a workshop on the transportation
of spent fuel and high | evel waste.

Tim Kobetz is the designated federal
official for today's initial session. This neetingis
bei ng conducted i n accordance with the provisions of
t he Federal Advisory Cormittee Act. W have received
no requests for tine to nake oral statements from
menbers of the public regarding today's sessions.
Shoul d anyone wi sh to address the Comm ttee, please
make your wi shes known to one of the Conmttee staff.
It is requested that speakers use one of the
m crophones, identify thenselves and speak wth
sufficient clarity and volume so that they can be
readi |y heard.

| would I'ike nowto turn the neeting over

to MIt Levenson who will Chair the Transportation
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Wrking Goup sessions. MIt?

MEMBER LEVENSON: Thank you, George. Good
norning. This is a workshop for the Transportation
Wrking Goup. I'mMIt Levenson, Chairman of the
Working Group. The Wbrking Group is made up of all
five ACNWCommi ttee menbers. The obj ective of today's
workshopislimtedto exam ningthetechnical aspects
of spent fuel transportation package desi gn, anal ysis
and testing nmethods to determ ne whether sufficient
evi dence exists or additional evidence needs to be
obtained to substantiate that spent fuel can be
transported safely. In addition, spent fuel and hi gh-
| evel waste transportation experience wll be
exam ned, that's tonmobrrow session, to determ ne
whet her the transportati on packages have perforned as
desi gned.

The ACNWwi || use this informationto make
recomrendati ons to t he Conm ssi on as necessary on t he
t echni cal aspects of transportation of spent fuel. 1In
addition, it is our intent to publish the proceedi ngs
of this workshop in an NRC NUREG On the first day,
presentations wll be made regarding research,
devel opnent, analysis and testing of such packages.
Presenters include various national |[|abs, cask

vendors, industry groups and NRC staff that have been
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directly involved in the evaluation of this type over
t he past 30 years. W focus on t he package because i f
there is no significant package failure, there can be
no significant radiati on consequences.

On the second day, presentations will be
made to the Working Goup regarding spent fuel and
hi gh-1 evel waste transportati on safety experience in
the U.S. and worl dw de. For these discussions, the
presenters include various federal regul atory
agencies, industry representatives that have been
directly involved in the regul ati on and shi pment of
spent fuel and hi gh-1evel waste. Rel evant experi ence,
whi ch i s obviously om tted fromthe presentations, and
for obvious reasons, is the experience of shipping
tens of thousands of nucl ear weapons nultiple tines
around the country.

Presenters for today's workshop, because
it is awrkshop, are encouraged to participateinthe
di scussi ons. If a presenter has a question or
comment, pl ease stand your nanepl ate on end, and t hat
will notify me you have a comrent to make. However,
| want to caution all participants that | intend to
stick strictly to the tinme schedule in order to not
short circuit the |ater speakers. Menbers of the

public will al so have opportunity to make corment s and
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ask questions. It is requested that when speaking,
you first identify yourself, court reporter just
doesn't know everyone, and use one of the m crophones
and speak with sufficient clarify and volume so you
can be readily heard.

| would I'ike to point out for those of you
t hat hadn't al ready done so that there's a package of
view graphs in the back of the room that's all
inclusive for today's neeting. There will be a
siml|ar package for tonmorrow s neeting. W have
recei ved no requests for time to make oral statenents,
and one witten comment from nmenbers of the public
regardi ng today's neeting. The witten comrent wl|
be entered into the transcript of today's neeting.

| would like to thank all of today's
participants for taking the time and maki ng t he effort
to participate in the workshop. W w Il now proceed
with the workshop, and | call upon M. Bill Brach,
Director of NRC s Spent Fuel Project Ofice for the
first presentation.

MR. BRACH: Good norning. As Dr. Levenson
mentioned, ny name is Bill Brach. |'m Director of
NRC s Spent Fuel Project Ofice. If we could have the
next -- excuse ne, back up to Slide Nunber 2. 1In your

handout, Slide Nunber 2 istitled, "Overview " and if
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| can start with that one, Theresa.

First, again, good norning. | wanted to
thank the ACNWfor the invitation in asking the NRC
staff to participate and as well as to lead off the
di scussions for this inmportant workshop. As Dr.
Levenson has described, you have a very full and I
believe interesting agenda with a broad spectrum of
gover nnment , gover nment | abor at orvy, i ndustry
organi zation and industry presentations today and
t onor r ow.

This nmorning in ny presentation, 1'l]
briefly discuss our spent fuel transportation
activities, status and sonme of the past as well as the
pl anned transportation studies.

Slide 3, key nessages, let nme start off
first by saying, unequivocally, that the NRC staff
bel i eves that shipnents of spent fuel inthe U S are
safe, and they're safe using the current regul ati ons
and our current prograns in place. | believe that's
an inmportant point, let ne just stress that one nore
time: The staff believes that the shipnents of spent
fuel in the U S. are safe using our current prograns
and our current regul ations.

Now, this belief is based on NRC s

confidence in the shipping containers that we certify
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and t he ongoing researchinthetransportation safety.
And also let nme add, as noted in Bullet Number 2 on
t he overhead, that this confidence, if you will, is
based as wel | on the industry's strict conpliancewth
the safety regulations and the conditions of the
certificate and conditions of use that have resulted
in a strong transportation safety record.

The NRC ensures that shipping containers
are robust. W do this in nmany ways. First, by
regul ati ng t he desi gn and constructi on of the shi pping
containers. The NRC staff, in our review process,
review the designs, we independently confirm the
ability of the containers to neet the regul ati ons and
t he acci dent conditions through our nodel i ng, anal ysi s
and verificationof thelicenseeswiththe applicant's
anal ysis and testing.

By NRC oversight and principally through
the licensee and the user's exerciseininplenentation
of their fundanental responsibility are assuring that
containers are built, that they're maintained and t hat
they' re used properly and in strict conformance with
the certificate and with the regul ati ons.

The NRC al so fol | ows an aggr essi ve program
to investigate and to assess the continued safety of

spent fuel shipnents. W do this through a nunber of
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avenues, for exanple, including anal yzing spent fuel
transportation experience in the records to better
under st and safety i ssues and experi ences, we eval uate
new transportation i ssues such as the potential for
i ncreased spent fuel shipnents, increased and changi ng
radi oactive material contents of spent fuel packages,
as well as | ooking at popul ation density and density
changes along the routes as well as other factors,
such as nodeling and analytical capabilities to
estimate current and future | evel s of potential risks
to the public as a result of spent fuel
transportation.

NRC has found that the |ikelihood of a
rel ease froman accident and the associated risks to
the public are extrenely low. Even though, even so,
the NRC continues to maintain our vigilance wth
regard to our primary m ssionresponsibility toassure
public health and safety as an essential part of our
oversi ght of spent fuel transportation. Next slide,
pl ease.

Clearly, aninterest and focus with regard
to spent fuel transportation is derived from the
prospects of a national repository being built at
Yucca Mountain. | want to focus just briefly on NRC s

role with regard to transportation as it relates to
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t he Nati onal Ceol ogi cal Repository at Yucca Mount ai n.
NRC s role and responsibilities are guided by
| egislation -- the Nuclear Waste Policy Act. NRC s
primary role in transportation of spent fuel to a
repository woul d be certification of packages used for
transport.

Section 180(a) of the Nucl ear Waste Policy
Act prohibits the Secretary of Energy from
transporting spent nuclear fuel or high-level waste
except in packages that have been certified by the
Conmi ssi on. The NRC has reviewed and certified a
nunber of spent fuel package designs which could be
used for the transport of spent fuel to a repository.
We have addi ti onal desi gns and desi gn anmendnent s under
review and as well we anticipate there will |ikely be
addi ti onal designs submtted in the not too distant
future.

There are additional provisions of the
Nucl ear Waste Policy Act that also apply to
transportation. DOE, as noted in the overhead, is
required to follow NRC s advance notification
requirenments. These requirenents pertain to
notification and coordi nation with state governnents
with regard to plans of spent fuel transportation.

The second itemrel ated to the DOE requi renent to fund
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state and local governnents in Indian tribes wth
regard to response and preparedness activities is an
activity that perhaps sone of the DOE presenters
later, | believe tonmorrow, mght be in a better
position to add or anplify DOE' s current plans.

If I could nove to the next slide. To
provi de a perspective, this slide summarizes a picture
of the past, the current and the potential future
| evel s of spent fuel transportation. Significant past
operations have included, for exanple, return of
reactor fuel toutilities fromthe cl osed West Val |l ey
Processing Plant back in the early 1980s, as well as
current levels that reflect primarily inter-power
pl ant shi pnments, shipnments of some research reactor
fuel and other shipnents.

And | woul d note for a nunber of you al
t hat may have seen these sane statistics, while 1,300
shipnents is the nunber we've represented over the
| ast 20 years, it's actually alittle bit higher now.
As noted, there are roughly ten to 20 shi pnents per
year, and so in arounding, it's approxi mtely 1, 300,
but the overall history for the | ast 20, 25 years for
NRC regul ated shipnents is in that range.

You'll also note on the overhead is a

proposed information for the private fuel storage
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facility. That proposed facility would be |ocated
roughly 100 mles west of Salt Lake City while Yucca
Mountain is somewhat analogous -- it's about 100
m | es, approximately, northwest of Las Vegas. Neither
of the facilities have yet obtained NRC |icense for
aut hori zati on. A PFS, private fuel storage, has
applied, andthe matter is currently before the staff,
before the -- excuse ne, it's being considered in
heari ngs before the Atom c Safety Licensing Board.
The private fuel storage facility is planning to use
the Holtec Hi gh Star, H gh Star and dual - pur pose cask
system at their facility, and | believe Dr. Chris
Singh fromHoltec is on the agenda | ater and will be
di scussing i n nuch nore detail the Hol tec dual - pur pose
dry cask storage system

The Yucca Mouuntain facility is roughly
twice the size in the way of capacity of the private
fuel storage facility. The Nuclear Waste Policy Act
limts the 70,000 tons of high-level waste at Yucca
Mountain to approximately 73,000 netric tons of
commerci al sector spent fuel. You'll note on the
overhead as well the statistics with regard to the
pl anned nunmber of shipnents. A private fuel storage
facility plan to operate for a 20-year period would

have approximately 50 shipments per year, as noted
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with forecasts for shipnent. The Yucca Muntain
facility, the prelimnary i nformati on we have at this
point from the Departnment of Energy 1is that
approxi mately 175 shipnments on an annual i zed basis,
130 by rail and approximtely 45 by truck. Thi s
overhead gives a general sunmary, if you wll, a
compari son of the planned shipnment profile for these
two sites in the com ng years.

The NRC routinely conducts studies to
review the adequacy of the regulations. For
transportation regul ati ons, we have conpleted three
maj or studies to date since the 1970s, with the nost
recent having been conmpleted in 2000. |In addition,
our current major activity or effort underway is the
package performance study, which I'Il| discuss briefly
in just a mnute.

After completing the final environnment
i mpact statenment on the transportation of radioactive
mat eri al by air and ot her nodes, conmonly referred to
as NUREG 0170, the Conm ssion, NRC Conmi ssion,
concluded in 1981 that its transportation regul ati ons
are adequate to protect the public against
unreasonable risk in the transport of radioactive
materi al s, including spent nuclear fuel. | will note

that | believe spent fuel was one of about 25
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radi oactive materials addressed in NUREG 0170.

The Comm ssion also concluded at that
ti me, however, that prudence dictates that regul atory
pol i cy concerning radi oactive materi al s be subject to
close and continuing review. |In the ensuing years,
t he NRC has conducted additional transportation risk
assessnents i n ot her studi es that confirmour earlier
finding on spent fuel transportation safety.

Inthemdtolate 1980s, to better assess
response to spent fuel and spent fuel casks to severe
acci dent conditions, NRC sponsored an exam nati on of
collision and fire accident conditions. Lawr ence
Li vernore National Laboratory conducted this effort.
It's frequently referred as the Mddal study. Larry
Fi scher fromLaw ence Livernore National Lab is al so
on the agenda and will be discussing aspects of the
Modal study in a little bit nore detail.

From t he Mbdal study, the NRC staff has
concluded that the Mdal study -- excuse me, has
concl uded fromt he Mbdal study that NUREG 0170 cl early
bounded spent fuel shipnment acci dent risks, and by the
Modal study we concl uded that they were bounded by a
factor of approximately three. Next slide, please.

Continuing wth the transportation

studies, in March of 2000, NRC published a report

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

16

entitled, "Reexam nation of Spent Fuel Shipnent Risk
Estimates.” It's commonly referred to as NUREG CR-
6672. This study focused on a risks of a nodern spent
fuel transportation canpaign fromreactor sites to a
possibleinterimstorage facility, suchas the private
fuel storage facility | just nmentioned, or to a
per manent geol ogical repository, for exanple, the
Yucca Mountain facility.

NUREG- 6672 was i nitiated in 1996. The NRC
had recogni zed that, one, there was going to be a
significant increase in the nunmber of spent fue
transportation activities over the com ng decades, and
| believe that was represented in an earlier slide.
| f you recall, our current operating history, if you
will, with regard to spent fuel transportationis in
t he nei ghborhood of ten to 20 shi pnents per year, and
it's represented by the information for both private
fuel storage and potentially for the Yucca Muntain
facility as well. Those nunbers increase rather
significantly.

The transportation activities as well wll
be made to facilities along routes and i n casks that
have not been previously exam ned in past studies.
And the risks associated with these transports can be

better estimated using new data and i nproved net hods
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of analyses. | would nmention as well that in NUREG
6672 we were |ooking at designs of contenmporary --
spent fuel packages, excuse ne, of designs that are
| arger in size and have | arger radioactive materi al
contents than sonme of the packages that had been
exam ned in previous studies. The results of the
study, the NUREG 6672, also did conclude that the
accident risks were nmuch | ess than those t hat had been
estimated in NUREG 0170, the 1977 ElS.

In 1999, the NRCinitiated the spent fuel
transportati on package perfornmance study. This study
is expected to take on the order of five to six years
to conplete. The study is being devel oped by staff to
confirmtheir alliance of analytical techniques, to
predi ct cask performance, and as well as a study in
significant ways attenpting to consider public
concerns and input. The study is being devel oped to
denonstrate the robustness of the NRC-certified
transportation casks.

The study i s using what we've referred to
as a publ i c-enhanced, public participatory process and
approach to solicit and obtain public input and
comments on our tests and on our plans and our
consi derations that we're | ooki ng at i n devel opi ngthe

study approach and concept. Qur current plans for the
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package performance study i ncl ude ful |l -scal e physi cal
testing to confirmcask performance and safety during
transportati on acci dent conditions.

There al so are sone addi ti onal
transportation studies that I'd like to bring to your
attention. Many of you, I'msure, recall the train
derailnment in Baltinmore in July of |ast year, in July
of 2001. W, NRC, are continuing to review this
accident closely with the Departnent of Transportation
and t he Nati onal Transportation Safety ReviewBoardto
assess what m ght have happened if a spent fuel cask
had been onthe train. NRC s prelimnary anal yses are
very positive and suggest that the transportation cask
woul d not have failed had they been in the Baltinore
Tunnel railroad fire. You'll hear nore |ater today
from Chris Bajway, also of the Spent Fuel Project
O fice, onthe study and prelimnary i nformati on we've
developed in our review of that fire and the
consideration had it included a spent fuel
transportati on package.

There are other activities as well
underway. Recently, NRC and ot her federal agencies
have been providing or have provided joint funding to
a project that the National Acadeny of Sciences, the

Boar d of Radi oacti ve Wast e Managenent, i s enbar ki ng on
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to form a group, an expert panel, that wll be
reviewng the societal and health risks of
transportation. | believe that study should be
initiated in early -- cal endar year 2003.

Al so, there have been ot her studies, tests
and denonstrations. Mny, |'msure, arefamliar with
t he Sandi a and the British crash tests and t he vi deos,
and you may have seen these in the nmedia or in other
ar enas. | would note that these tests were not
sponsored by the NRC. They did not have, if youwll,
an NRC regul atory purpose for the testing, and they,
therefore, are not a part of the basis for our
regul atory program But having said that, |'m not
trying to distance nyself from those tests or
oursel ves fromthose tests, we clearly do believe t hat
t hose vi deos, those tests have denonstrated that the
casks are very robust in the specific accident
conditions in which they were tested. And as well
t hey give added confidence that the regul atory tests
are i ndeed very severe in establishingtest conditions
and criteria.

Additionally, one inportant conclusion
t hat you can see fromthese other studies and tests is
t hat t hey have denonstrated t hat t he casks upon i npact

t he i npact surfaces actual |y absorb nmuch of the energy
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of the inpact. And those that are famliar with our
transportation regul ati ons are aware that our testing
criteriarequire that our drop tests, for exanple, be
ont o an unyi el di ng surface so that all of the energies
of inpact are transmtted back into the transport
package.

|"ve touched in this brief overview a
nunber of the research or study prograns and
activities that have occurred over the past fewyears,
past 20 years, as well as sone that are ongoing right
now to address spent fuel transportation. The U. S.
donesti c standards and requi renents, our regul ations,
wer e devel oped using an expert consensus approach
both domestically and through participating with
fellowinternational transportationregulators at the
| nt er nat i onal At omi ¢ Energy  Agency. These
regul ati ons, we believe, have resulted in an exenpl ary
| evel of safety and have denonstrated a |l ong favorabl e
hi story of use, both here in the US. as well as
i nternationally.

Wil e risk insights or risk studi es have
not traditionally been used to establish these
regul ations, the research studies and progranms |'ve
di scussed have nostly been of a confirmatory nature,

and t hey have supported t he concl usi ons regardi ng t he
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adequacy of our regul atory standards.

As t echnol ogi es have changed and anal ysi s
capabilities have i nproved, we've continued to review
our research and fi ndi ngs and concl usi ons consi stent,
if youwll, with the Comm ssion's earlier direction
to us from back in 1981. If you recall, | had
nmenti oned the Comm ssion's conclusion follow ng the
EIS is that the Commission had dictated that
regul atory policy concerning radi oactive material s be
subj ect to close and continuing review, and | believe
our studies that we've been carrying out from that
per spective have been our efforts to conport with the
Conmi ssion's earlier guidance.

| woul d note as wel |, though, that to date
none of the NRC transportation risk studies, if you
will, or studies, have included physical testing
They' ve been primarily based on conputer nodel i ng and
anal ysis, and so one aspect we clearly are | ooking
forward to our package perfornmance study, which, as |
mentioned briefly, does include aspects of physical
testing.

The basi ¢ nmet hodol ogy that was devel oped
for NUREG 0170 and its supporting works, including,
for exanple, the devel opnent of the radtran code and

rel ease assunptions, have, if you will, reasonably
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withstood the test of tine and analysis and have
recently as well been used in major environnental
i npact st atenents.

Let nme conclude by saying the staff
wel comes and appreciates the Conmttee's tinely and
val uabl e workshop initiated today to further the
di scussion of spent fuel transportation wth our
various stakehol ders, and we found past and simlar
neetings to have been very val uable. Thank you.

MEMBER LEVENSON: First, | et ne thank you
for setting a good exanpl e for subsequent speakers by
sticking strictly to your tine. Thank you.

Any of the ACNWnenbers have questions or
conments? M ke? Bob?

MEMBER GARRI CK: Probably nost of the
guestions | have will come later, but one of the
things you said, Bill, that "'mwestlingwithis the
position of the NRCrelative to the Sandia test, and
you qualified it by saying that you' re not trying to
put any distance between the NRC and the tests, but
they're not a part of the NRC program

| guess |I' mquestioning just howfar that
interpretation goes. Generating the steamtabl es was
not a part of the NRC programeither, but you use t hem

all the time in your thermal hydraulic work. It just
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seens to nme that that doesn't mmke nmuch sense. In
inevitably has to be a part of -- the results of those
tests inevitably have to be a part of the anal yses and
t he i nvestigations that you nmake about transportation
safety. Could you coment on that a little bit?

MR. BRACH Be glad to, yes. The point |
was trying to make is that the conduct of those tests
were not tests that, if you will, were part of the
regul atory basis on which we, the NRC, are relying
with regard to our existing regulations and our
gui dance, that the tests were -- again, |'mnot trying
to distance fromthose tests, I"'mtrying to explain
t hat the conduct of those tests, the outcone of those
tests, theinformation, the datathat was devel oped as
a result of those tests were not a fundanental part
nor were they critical to the devel opnent or the
confirmation of our existing regul atory standards and
bases.

MEMBER GARRI CK: | have several other
guestions but |I'm going to postpone themlater, but
thereisonel'dlike to ask you. 1| realize that the
NRC is focused on the cask and the packages, but do
you pl an any route-specific analysis just to get sone
sort of a handle on however small the risk is that it

m ght be affected by the choice of transportation
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route?

MR. BRACH There are a coupl e of aspects.
One, the specific selection of routes that woul d be,
for exanple, usedtothe private fuel storage facility
or potentially to Yucca Mountain as well is not an
NRC, if you will, decision, action or direction.
Those are gui ded by other regul atory standards from
for exanpl e, Departnment of Transportation, and those
wi Il be selected by, inthe case of Yucca Mount ai n, by
Departnent of Energy in consultation with the states
al ong those routes.

Very specifically, though, withregardto
the studies and activities, I|'lIl reference, for
exanpl e, NUREG 6672, we did in that study pick a few
of what I'Il call generic but what we believe to be,
and of course that also requires the test of tine to
anal yze, to be representative routes that would be
used. We selected sone routes that are cross country
and various parts of the U S In selecting those
routes, we were | ooking at Iength as well as | ooking
at what m ght be, to the extent we can identify, sone
of the nost challenging or Iimting types of
condi tions of transport with regard to under acci dent
conditions what mght be the locality from the

standpoi nt of what mght be potential inpacts and
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ot her considerations. So we're | ooking at that not in

a -- looking at site -- or excuse ne, route specific,
but we're trying to bound that, if you will, through
our generic analysis of looking at various

hypot hesi zed routes that could be identified and then
anal yzed.

MEMBER GARRI CK:  Thank you.

VI CE- CHAl RMVAN WMER: | have one questi on.

MR, BRACH  Sure.

VI CE- CHAl RMVAN WYMER: They' re ki ddi ng
about my nane wong on the nanme tag here.

In connection wth the new package
performance study to be conpleted in about 2005, you
made a point of saying that there will be enhanced
public participation. Now, you've had what appeared
to ne to be substantial public participation in the
past. \What does enhanced public participati on nean?

MR, BRACH: Let nme explain what our
partici pati on has been, and then nmaybe in the eyes of
t he behol der whet her that's enhanced or not. As you
mentioned, Dr. Wnmer, over the past few years we've
had a series of public outreach neetings with regard
to the package performance study. W started the
process off with a series of neetings here in the

Washi ngton area as well as out in the Las Vegas
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Nevada area, the Rockville area. The first round of
public neetings started with our asking the public,
t he stakehol ders, for input wwth regardtoif we were
to be carrying out a fiscal testing programfor spent
fuel package, what type of testing, what type of
condi tions, what issues should we be including inthe
study? And we were really out, if you will, in a
listening nmode explaining our ideas and plans for
conducting a study but in a very general and broad
concept but asking for the stakehol ders, both state
and | ocal governnents, industry, industry groups and
concerned citizen groups, individual citizens what
types of issues do they see.

Fromt hat seri es of neetings, we devel oped
what we call ed an i ssues paper, and that i ssues paper
was an attenpt on our part to summarize the various
suggestions, conments, issues that had beenidentified
tous. W followed themwi th a second series, round
if you will, of public neetings, again, here in
Washi ngt on area, Rockville area, and al so out West in
the Las Vegas area to, again, go through the process
again of this is what we've heard. One, did we hear
you correctly? Have we characterized and sunmari zed
the issues, and also we tried to as well put an NRC

staff understanding of the issues but also a
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perspective as to what sone of the tests of various
conditions and activities may yield or some of the
conplexities of that testing activity.

And from that process, we then stepped
back and our next step is the devel opnent of what |'1|
refer to as the test protocol. And | also should
nmention we had as well an opportunity -- we
establi shed a web page where it could be reasonably
interactive, interactions to NRC and fol ks submitting
comments in both of those rounds with regard to
suggestions, as well|l as options for providing witten
conment s.

The stepwe'reinright nowwith regardto
t he package performnce study, again, fromthe public
perspective and public involvenment and i nput
per spective, is that based onthe comments we recei ved
on the issues paper, we are formnulating what we'l
call adraft test protocol for the type of testing and
analysis that could be carried in the package
performance study. W're planning that as we finish
that draft, what I'Il call again the test protocol
we'll go out for yet another round of public
involvenent to discuss wth the public, the
st akehol ders, the test plan and to ask for views and

conments on that test plan before we nove to an
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embarkment, if youw |, of actual carrying out of the
tests and activities.

And we're al so, as far as the carry out of
t he study and activities, we're planning that there be
fairly full public participation, awareness and
know edge of the conduct of the tests, the tests
results that we've gathered, ironing out what those
results are, what our analysis of those tests results
show and the recomrendati ons they |ead to.

So that is -- when |I'musing the phrase,
"enhanced public participatory process,” |I'mtryingto
descri be that process that, on our part, istryingto
significantly give the public an opportunity to give
us input, tell us whether they think we heard them
correctly or not or whether they are of the opinion
that the tests we're carrying out would neet
objectives as they see it or as we represent them

VI CE- CHAI RVAN WYMER:  Thank you.

CHAI RVAN HORNBERGER: Do you anti ci pate
any changes in the regulations resulting from the
package perfornmance test?

MR. BRACH Well, | clearly want to be
open, that from any study or test we need to be
cogni zant that the information that we | earn we need

to apply that information, whether it be to our
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regul ati ons, whether it be to our |icensing process,
our inspection process or our review criteria. So
fromthat perspective, we clearly are open as to what
the test results nay denonstrate.

e, from the st andpoi nt of our
under st andi ng of t he package desi gns and under st andi ng
of the tests and our nodeling of what we'd anti ci pate
in the way of test conditions to be represented
t hrough physical testing, we clearly are | ooking at
this and anticipatingit to be confirmatory in nature,
confirmng our predictions and expectations. But, Dr.
Hor nberger, clearly, we have to have our eyes, if you
will, wide open with regard to what the test results
tell us and what the inplications of those results
mght be with regard to regulations or our other
practi ces.

MEMBER LEVENSON: | just have one comment
that's alittle bit of a followup on John's, and t hat
isl was glad to see you referred to the other tests,
because t here have been sone nmi sunderstandi ngs in the
past when peopl e have asked the question |ike, "Have
you ever tested full scal e?" The question they were

aski ng was a generic "you," and t he response was, "No,

we have not tested," and the "we" was a very parochi al

we. And | think in discussing technical issues, we
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need to include all of the available literature and
i nformati on.

Do any of the other presenters -- first,
are there any questions from ACNW staff? Any
questions or comments fromthe other participants in
today's session? Still have a couple of mnutes,
anyone in the public care to raise a question or nake
a cooment? GCkay. |If not, thank you, Bill.

Qur next presentation is by Doug Anmmrer man
of Sandia who wi |l summari ze the | aboratory research,
as understood to be with a capital L. This is the
research at Sandi a Nati onal Laboratory, it nay or may
not be actual |aboratory type research. Doug?

MR. AMVERMAN: Sandi a Nat i ona
Laboratories is a DOE facility that has been invol ved
in areas of national interest since its inceptionin
1948. Qur primary m ssion has been -- oh, sounds nuch
better. Let nme start over.

Sandi a National Laboratories is a DOE
facility that has been involved in areas of national
interest sinceits inceptionin 1948. Primarily that
i nterest has been nucl ear weapons, but the expertise
t hat's been devel oped as part of our nucl ear weapons
experience has | ed us i nto ot her areas of systeml evel

testing. Next slide, please.
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Qur presentation wll go over past
significant test progranms at Sandia National
Laboratories, starting with the 1970s Crash Test
Programthat M. Bach alluded to, talking about sone
certification testing that we did for DOE on the
def ense hi gh-1 evel waste and al soonthe certification
testing that we did for DOE on the TRUPACT-11. It's
not a spent fuel package. That particul ar package is
for transporting true waste, plutoniuml| aced gar bage,
essentially, and those are done in full-scale tests.
Then 1'1l talk about analysis nethodol ogy, how we
determ ned the response of packages using anal ytica
techni ques, both through structural nodeling and
t hermal nodel i ng. Finally, 1'Il go to |I|inking
analysis that we've done to testing, both code
verification and validation and then exanpl es, side-
by-si de conparisons of analysis results with test
results. And, finally, in ny conclusions slide, where
are the gaps, what do we need to know nore than what
we currently know?

Sandi a has since its beginning -- next
slide, please. Sandia has since its beginning been
involved in systens |evel testing. Like | said
earlier, initially those systens were nucl ear weapons,

but systens | evel testing expertise applies to a |lot
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of different fields, andit's been used in the area of
transportati on package testing for about 30 years. O
course, different prograns have different goals and
di fferent purposes. These goals and purposes define
the way the tests were carried out. Sone of the tests
were, if you wll, engineering tests, trying to
improve our state of know edge; other tests
certification tests, trying to say do these packages
neet the requirements put out by the NRC? Sone of the
tests are denonstration tests, just trying to
denonstrate that this package will survive in an
environnent that's not necessarily the regulatory
envi ronnent but a severe environnent. Next slide,
pl ease.

The 1970s Crash Test Programwas perhaps
one of the nost visibletestingactivities carried out
on spent nucl ear fuel packages. The purpose of this
Programwas to assess and denonstrate the validity of
anal ytical tools and scale nopdel techniques for
predicting the response of packages to accident
envi ronnents by conparing the predicted results with
full-scale actual test results, also to gain
guantitative know edge regarding extreme accident
conditions by neasuring response of full-scale

packages under actual crash conditions.
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Part of the issue with the regulatory
position is that it's a hypothetical accident
condition, doesn't necessarily correlate very easily
inthemnd s eyetoreal test conditions. One of the
pur poses of this Programwas to show that indeed the
hypot heti cal acci dent conditions of the NRC
regul ations do provide adequate safety in actual
acci dent conditions. In this Program there were
mat hemati cal nodel s devel oped, including sone very
crude conputer scale nodel testing and finally the
conbi nati on was full -scal e tests. Next slide, please.

Thi s t est program included sone
instrumentation on the scale and full-scal e hardware
to neasure accelerations of package and transport
systens, includingthe conveyance that was bei ng used
and in the case of one of the tests the -- or actually
a couple of tests we also put instrunentation on the
targets; strain gauges to neasure strains on various
cask and transport system conponents.

One of the not necessarily requirenents
but applied requirenents, if you will, it's not part
of the NRC regulations but it's been inplied by the
certification processes, that we like to limt the
anmount of plastic deformation to packages. Strain

gauges are a way of nmeasuring that plastic
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def ormati on. In addition, there was high-speed
phot ography to record cask and transport system
response, and you'll see sone of the results of that
in the next few slides. Next slide, please.

One of the tests, and this is the one that
| personally viewas the nost spectacul ar test, was to
simulate a grade crossing accident. A truck
transporting a spent fuel cask was st opped on cr ossi ng
arailroad track and sl ammed i nto by a | oconotive. It
was an actual truck intransport trailer that was used
at that time for transporting it. One of the
criticisnms of this particular test has been that the
center line of the cask was higher than the frane
rails or not equal to the frame rails of the
| oconoti ve, and the cask then rode up over the train.
Wiy don't you click on the picture there and you
should be able to see the actual test taking place.
And you see the cask gets thrown up into the air
Well, that's only partly the result of the
configuration of the test. Recently, the American
Association of Railroad Test Facility at Pueblo,
Col orado has done sone tests with passenger trains
colliding with each other, and the sane kind of
behavi or is seen. The |oconpotive essentially plows

underneath what it strikes.
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Like | said, this is a very spectacul ar
test, and it denonstrated in that 80 mle per hour
i mpact that the regulatory inpact, whichis a30 mle
per hour does provide a | arge deal of safety for these
packages when you consider that the railroad target
goes intoarigidtarget. Inthis particular inpact,
it was by sonet hi ng t hat peopl e consi der pretty rigid.
| nmean if you want to go and hit sonmething, atrainis
a pretty bad thingto hit or to have hit you. There's
not very nmany structures out there in the
transportation world that are viewed to be nore stiff
than the front end of a train, but you can see from
that picture that that train absorbed a lot of the
energy of that inpact. There was | ots of deformation
to the train.

The resul ts of that test are docunented in
SAND79-2291. Anybody who wants to get a copy of that
can obtain that report and read about in detail what's
happened i n that particular test. There were 18 hi gh-
speed caneras, and you saw the footage froma couple
of themthere, seven strain gauges on the cask body,
four piezoresistive acceleroneters on the cask, one
accel eroneter on the |oconotive, and the data was
acquired via a telenetry systemto a renote recording

site. So that's why you don't see any cabl es com ng
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of f of that cask, as is typical in the way that we do
transportation package testing. You see an unbili cal
line of cables that are used to get the data off of
the testing to a recording system Next sli de,
pl ease.

Actually, there were two tests in this
particul ar configuration, involved atruck carrying a
transport cask. Would you click onthe slide, please,
to play that novie? The first test was at 60 mles
per hour.

(Movi e played.)

MOVI E MODERATOR: In the first test, a
truck carrying a 22-ton spent fuel cask inpacted a
690-ton concrete block at 60 mles per hour. Here's
the inpact in slow notion.

(Movi e stopped.)

MR. AMMERMAN: For the second test, we had
to get a new driver.

(Laughter.)

The two tests were at 60 mles -- next
slide, please -- were at 60 mles per hour and 84
mles per hour. The results of those tests are

docunent ed i n SAND77-0270. Again, that's availableto
anybody who wants to get a copy of it. This test was

noni t ored wi t h about 14 hi gh- speed caneras, photorays
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bet ween 400 frames per second and 3,000 franes per
second, five accel erometers on the cask body, strain
gauges on the cask head and pressure transducers
pl aced i nside the cask cavity. The results of both of
those tests, the first test, the 60-mle per hour
test, had such little deformation to the cask that we
sai d, "You know what? That was no big deal, let's go

out and do it a faster test," and so we did the second
test, which was 84 m | es per hour. Even that test had
very little deformation to the cask, and t he package
remai ned essentially tight. Next slide, please.

The next test type was a rail transport
cask. In this particular instance, we just used the
rail car that was used to transport that cask and not
the whole train for the inpact. Typically, you woul d
have the mitigating structure of cars in front of the
car being tested to absorb energy as well, but inthis
particular test, if you click on the slide, please,
the car was slammed into that sanme --

(Movi e pl ayed.)

MOVI E - MODERATOR: The 74-ton shi pping
cask, carried by a cask rail car, crashed into the
concrete block at 81 mles per hour.

(Movi e stopped.)

VR  AMVERMAN: You can see that the
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deformation of the rail car was extensive. The cask
di d not actually cone conpletely out of its carri age,
and, again, there was no significant | eakage on that
cask. Next slide, please. Docunentation of that test
i s avail abl e on SAND78-0458. This was nonitored with
nuner ous hi gh-speed caneras, up to 3,000 franes per
second fram ng rates, placed above, on the sides and
at various angles. Active accel eronmeters were pl aced
onthe rail car frame, the rail car cage cover, which
you can see gets extrenely danaged in the test, on the
cask and al so on the target.

One of the things that we tried to | earn
fromthat is that concrete target that you see there
that that rail car inpacts into, and the truck in the
previous slide, isnot arigidtarget. It's a massive
bl ock of concrete, but there is energy absorbed by
t hat concrete. It does not have a steel face onit as
is required or is typically required for the
certification tests. Strain gauges were installed on
the rail car frame, cask body and to the rods inside
the cask. Next slide, please. Thank you.

In addition to these inpact-type tests,
that test programal so involved a thermal test. The
sane rail car that we just saw inpacted into the

concrete barrier was placedintoafull-engulfingfire
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and burned for a period of 90 m nutes.

(Movi e pl ayed.)

MOVI E MODERATOR:  After 90 m nutes, three
times the duration of current qualification test
criteria, surface tenperatures exceeded 1, 400 degr ees
fahrenheit, but inside the cask where the spent fue
rods woul d be contai ned tenperatures were bel ow 300
degrees, not enough to nelt the spent fuel rods.

(Movi e stopped.)

MR. AMMVERMAN:  Next slide, please. That
particular cask in the fire was instrumented with
nuner ous thernocoupl es. As you can tell from the
narration on the filmclip, some on the inside, sone
on the outside to neasure the thernoresponse of the
cask. Next slide, please.

What have we | earned fromthis Crash Test
Progran? The results indicated that current, at the
tinme late '70s, analytical and scale nodeling
t echni ques coul d predict vehi cul ar and cask damage in
extrenel y severe acci dent envi ronnents wi th reasonably
good accuracy. In addition to this full-scale sound
clips there are clips of the scal e nodel tests of sone
of those casks, and the difference in response or the
simlarity in response i s amazi ng, except for if you

have something that will reference the scale. And |
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notice the fact that the scale nodels look a little
bit toy-ish, if you will, not in the sane degree of
complexity as the full-scale ones. It's very
difficult to tell that one of those is a scal e node
test and one of them is a full-scale test, the
response is so simlar.

The dat a col | ect ed on responsi ve transport
systenms and accident environnents was val uable. It
denonstrated the fact that these casks are extrenely
rugged and capabl e of surviving very severe acci dents
wi th much higher velocities than the regul atory 30-
m | e per hour inpact velocity. Next slide, please.

| s there any additional informtion that
can be gleaned from these tests? The analysis
computer software that we have today is much nore
robust or much nore capable than it was in the 1970s.
W all used 2-D final analysis and |unp paraneter
nodel s, such as spring mass nodels at that tinme to
represent the casks. Today, we have detailed 3-D
final elenent nodels that can nodel nmany of the
components of the packages as well as the gl obal
response.

Sone of the data fromthese tests coul d be
used to benchmark t he present -day codes. For exanpl e,

the | oconotive cask grade crossing test is a good
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candi date for that. One of the difficulties of that,
t hough, is that in order to do these detailed fina
el ement nodels that we have today, we need to have
detailed informati on about the packages that were
tested or are being tested and the target or inthis
case the loconotive, the geonetry of them Si nce
those tests were done so |long ago, we can't go back
and say what are the material properties of the
different materials that are invol ved in that inpact?
What is the exact geonetry of the cask? W can use
the drawi ngs of the cask, which naybe are still on
file here at the NRC soneplace, since those were
certified casks at the tine. Well, they weren't
certified at the tine of the test but they had been
certified previously to that to get a genera
description of what the geonetry was but tol erances,
gaps that are produced in the packages as a function
of use, or just fit-up and things |ike that, we don't
know t hat information.

Sone of that information is inportant in
determ ni ng what the response is in events such as
these that you see here. And even nore so, nore
problematic, is what is the properties of the
| oconotive. The QA on | oconptive design I'msure is

not as stringent as the QA on cask design, and the
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information on that particul ar | oconotive may be very
difficult to get as to even what the geonetry of it
was, the exact geonetry.

Al so, since the 1970s, there have been
t remendous I mprovenent s in dat a col | ecti on,
instrumentation and sensors. W're able to obtain
much nore information in tests that are done today
than was possible in the 1970s. Next slide, please.

Anot her test program extensive test
programconductive at Sandia in 1986 was t he DHLWCask
Tests. The purpose of this test programprimrily was
todocertificationinpact and puncturetest sequence,
to provide test data on accelerations and strains to
conpare with analysis results. It's kind of the sane
kind of thing that we're |ooking at today, can we
conpare tests and anal yses? To define the damage
state of the cask as input into the hypothetical fire
anal ysis, there was not a fire test because it was a
hal f-scale nodel. Half-scale fires don't work really
wel |, and so this particul ar package was i ntended to
be certified in a fire environnent only by anal yses,
and so we needed data on what the deforned shape of
t he package was to start that analysis with. The test
sequence i ncl uded five 30-foot drops and two puncture

spi ke tests. Next slide, please.
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For these tests, there was rather al ot of
instrumentation. Acceleronmeters on the cask varied
fromsix to 15, dependi ng on cask orientation. Strain
gauges varied fromfour to 24. Strain gauge bolts,
some of the closure bolts were replaced with bolts
t hat had strain gauges nounted on the inside of them
so that that bolt acted like a load cell, could
nmeasure during the test what the load on that
particul ar bolt was, and it varied fromzero to ei ght
of those. The side inpact test didn't have any strain
gauge bolts and then the end i npact and corner i npact
tests had up to eight.

In addition, there were LVDTs, |inear
variable differential transducers, to neasure the
di spl acenent between the cask |id and t he cask body to
give -- to see if the analysis that predicted that
there would be no deformation of closure was indeed
correct. And al so since you can't really neasure | eak
rates in scale nodel testing and there's not a
straightforward correl ati on between | eak rates and a
scale nodel test to leak rates in a full-scale
package, this informationwould provide us information
to say indeed was the response of the closure such
t hat t he package should remain |l eak tight in the full

scal e, because you can scale the strains in the
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deformati ons. Next slide, please.

Here you see one of the tests. This test
was done at m nus 31 degrees centigrade. The target
was m nus 29 but we had -- because the package was
warmng up while it was hanging up there in the air,
it got alittle bit colder and we actually ran the
test at a mnus 31. And you can see the danage to the
cask. It curls up the inpact limter there at the
end. This package is a little bit different than a
spent fuel cask. Thisis a-- DHLWstands for Defense
H gh-Level WAste. The purpose of this package was to
transport vitrified high-1evel waste | ogs, essentially
a stainless steel canister filled wth glass that
contains high level waste. It had kind of a unique
desi gn, and that doesn't have an inpact |imter around
t he end. For the end drops it had a ring inpact
[imter, and not in this test but for the sides tests
there was a typical, if you will. honeyconb i npact
limter to absorb the inpact energy. Those inpact
l[imters are done in this test.

The results of that test sequence
i ndi cated t he package was | eak-tight after each test,
cl osure defornmations were very small. The various
tests where the cl osure deformati on was nmeasured was

0.004 inches, and that was a dynam c measurenent, SO
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that wasn't at the end of the test, that was at peak
during the test. At the end of the test, all the
cl osure neasurenents were back to essentially a zero
strain or zero deformation. The peak strain measured
was 0. 0033. Recall that yield strain levels for
stainl ess steel are about 0.0015, so this is barely
above yield, although that strain neasurenent wasn't
done during the inpact limter region, it was up in
the closure or up in the contai ner boundary of the
cask. Strainsintheinpact limter are considerably
hi gher than that. Peak accel eration neasured was
2,200 Gs on a hal f-scale, which would be 1,000 Gs on
full-scale. This package is avery stiff package, and
so the acceleration levels are nmuch higher than are
typically seen in spent fuel casks. And the analysis
results were generally conservative. Next slide,
pl ease.

VWhat can we learn fromthese tests or is
nore information available fromthese tests that we
can use to enhance our current |evel of know edge?
This test series was very thorough, and it can be used
as a demonstration of the types of instrunentation
information that can be obtained from a drop test.
Recal | that there was strai n gauge data, accel eroneter

data, |load cell data and defornmti on data that were
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acquired dynamically during the test. Any future
testing, such as what Bill suggested that we're goi ng
to be doing in PPS, should probably include all those
types of instrunmentation.

The tests were perforned in 1986 and it
woul d be difficult to resurrect any of the digita
data that was obtained fromthe test. So to conpare
test results to newanal ysis results wouldn't have t he
fidelity that you could get if you were doing a test
t oday. But the test results could be conpared to
nodern anal ysis results, as | say, but with slightly
lower fidelity than current test results.

CHAl RVAN HORNBERCGER: Wiy would it be
difficult to resurrect the data, you didn't archive
it?

MR. AMVERMAN:  Yes. |It's archived on 9-

track tape. Now, ny conputer doesn't have a 9-track

on it, and there are very few of themthat do. |I'm
not saying it would be inpossible. I think that
Sandia still has 9-track tape readers. | don't know

if there's any nodern operating systemthat can talk
to those machi nes or not, whichis why | say it woul d
be difficult. | think it's possible.

Anot her test sequence that was perforned

at Sandia was a full-scale test in the TRUPACT-II
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These tests were carried out in 1989 and actual |y sone
earlier ones earlier than that in 1988, the initial
ones, and sonme of the tests maybe actually spilled
over into 1990 even. The purpose of those test was
certification test sequence -- drop, puncture and
fire. This package was certified by full-scale
testing, so there was very little analysis that went
along with the certification process. Miltiple tests
of each type were perforned because the regul ations
require that packages be tested in the nost damagi ng
ori entation. However, what's nobst damaging to one
conmponent of the package may not be t he nbst damagi ng
orientation for some other conponent of the package,
so there were quite a fewtests done in this sequence
of tests.

Because it was not a need to conpare test
results to analysis results, there was very little
dynam c instrunentation taken on this test sequence.
However, post-test |eak checks were performed after
test and the package remained | eak-tight, and there
was al so photonetric coverage. Next slide, please.

Here you can see a couple of the tests --
let me click on this novie. This was a 30-foot CG
over corner inpact test. This is kind of just |ike

testing, you sit around all day waiting for somethi ng
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to happen. And the inpact on the closure and to the
package. Sone of these tests were al so conduct ed, and
here you see the fire test. The |arge object on the

| eft-hand side of that fire is sonething that was

done. We were trying to -- we had a big fire going
and we said, well, let's do sonme characterization of
the fire environnent too, and I'Il talk alittle bit

nore about why characterization of the fire
environnent is inmportant as well.

As | say, sone of the tests for the
TRUPACT-11 were done at elevated tenperature. That
particul ar package has pol yur et hane f oamas an i npact -
absorbing material. It has significant tenperature-
dependent material properties. Sone of the tests to
t hat package were done with the package hot, sone of
it done with it cold. Next slide, please.

The resul ts of the TRUPACT-11 testing were
that the package remai ned |eak-tight follow ng all
tests, but therelatively fluctual package experience
was vi si bl e deformations, which | think is one thing
that's inportant if we're going to do a benchmarki ng
type of study, we want to have sonething that people
can see. If | test a spent fuel cask to the
regul atory envi ronnent, the cask body itself is going

to have no deformation, which is the way we design
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packages. That's the intent, all the deformation is
in the inpact limter. I['"'m not sure if that's
sufficient to convince the public that we know howto
anal yze a package for environnents that are nore
severe than the regul atory test environment and to be
able to predict by anal ysis when t he package i s goi ng
to start to leak or to fail. Next slide, please.

| s there any additional information that
can be gleaned from these tests? The |ack of
instrumentation during the test sequence nmakes it
difficult to conpare test results to analyses. You
can conpare deforned shape, but that stuff is not
archived really well. W can't go up and say, well,
we have nore detail ed anal yses now t han what you did
when you did the test. Let's go out and nmeasure what
t he package i s and say howwel | that anal ysis conpared
tothe tests. Measurenents that weren't taken at the
time of the test are probably not available at this
tinme.

The extent of the test sequence, and you
didn't really see frommy presentation, but there were
| think a total of 14 drop tests perfornmed on the
TRUPACT-11 using two different test wunits. It
denmonstrates the expense of relying on testing for

certification, which is one of the nain reasons why
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t hese ki nd of people over here, the package vendors,
typically use a conmbi nati on of testing and anal ysis to
do their certification.

Solet'stalkalittle bit about anal ysis.
Cask vendors rely on analysis to sone extent to
denonstrate package response to the hypothetical
accident tests, and that extent for sonme packages is
nore thanit is for others. Even the TRUPACT-I1 which
was certified primarily by tests there were anal yses
done as well to denonstrate conpliance with sone of
t he requirenents of the 10 CFR71. O her packages are
certified w thout any testing. A good exanple of that
is the bus cask, which is a DOE package. The package
was never tested, it was conpletely certified by
anal yses.

Conservatisnms introduced into analysis
nmet hods or assunptions within those anal ysis nethods
for designcertificationare not al ways appli cabl e for
test predictions. Wen |I'mdoing design |'mgoing to
use mnimal material properties, for exanple. The
real testing isn't going to have mniml naterial
properties, it's going to have sonething close to
nom nal material properties. The behavior of the
package is going to be different if it has -- if it's

built with material with mninumnmaterial properties
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thanif it's built wwth material with nom nal materi al
properties. If I'mgoing to do a test prediction, |
need to know exactly what the material is that's
actually in the test unit. | can't go to the ASME
code and say this particular steel has a yield
strength of, for exanple, 30 KSI. It's not adequate
for doing a pre-test prediction of the behavior of the
package. | need to know what the stress/strain curve
is of that particular material. And so any detailed
program such as PPS, that we're proposingis goingto
requi re actual coupon testing of the real material as
being used in the package, as it's being fabricated
nost l'ikely, and recording of the conplete
stress/strain curve, not just -- |I'msure that when
peopl e desi gn packages, when t hey have thembuilt, one
of themwho covers the fabricator is you pull coupons
and you do tests. But what's recorded from those
tests? Yield strength, ultimte strength, perhaps
el ongation, maybe, and less likely this, percent
reduction in area, and chem stry of the sanple.
MEMBER LEVENSON: Let nme interrupt for a
second. | understand what you're saying if what you
wer e doi ng had only pure scientific interest but it's
been stated that the purpose of the test is to

denonstrate to the public that nothi ng happens to the
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cask, and | don't understand why you need all of that
detailed informati on for that purpose.

MR. AMVERMAN: CQur risk anal yses that we
have done, for exanple, 6672 that Bill tal ked about
earlier, use conputer analyses that denonstrate the
response to the package to environnents that have
never been tested. In order for sonebody to have
confidence in those conputer anal yses, it's iy belief
at least that we have to go out and do a pre-test
predi ction of the response of the package to an act ual
test. In order to do a pre-test prediction, even to
the regulatory test where there's very little plastic
deformation, | still need to know mature properties,
| need to know when yield, for exanple, comes about.

| can't use minimal anal ysis because t hen
if I don't use the real material properties, ny
anal ysis predicts a different result that's shown in
the test. The public says, "Look, you cannot predict
the test results. How do we know that the analysis
that you did for your risk assessnent is correct?
What confidence do we have i n the anal ysis that's done
to denonstrate that the risks are small, that people
like DOE rely on when they do an EIS to say that
there's no inmpact of transporting or not -- a

significant inpact of transporting 63,000 netric tons
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of fuel to Yucca Muntain?"

MEMBER LEVENSON: But that would make
sense only if your analysis had zero conservatismin
it, because if it does not have zero conservatism the
test isonly goingtoconfirmthat it is conservati ve.
It's not going to denonstrate how conservative. So
what you're saying makes sense only if you tell ne
that your analysis is designed to have zero
conservatism |'mnot sure that's very acceptabl e for
regul atory use.

MR. AMMERMAN. And that's the reason why
that second bullet on this slide, for regulatory use
it's not acceptable. | want to have anal yses that has
conservatism for regulatory use. The certification
process i s goingtorequire conservative anal ysi s, but
if I"'mdoing test predictions and I want to get the
right answer as opposed to a conservative answer,
you're right, I'm going to do an analysis with no
conservati sm

MEMBER LEVENSON: Are you telling ne that
t hese tests are not going to be usable for reqgul atory
use?

MR. AMVERMAN:  No, they'll be usable for
regul atory use but that's not their -- no, let me

rephrase that. They're not going to be usable for
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certification. They're not certification tests.
They're going to be used to denobnstrate that the
process used in certification provides safety. The
responsibility for denonstrating that packages neet
the certification requirements lies with the package
vendors. They do anal yses to denonstrate conpliance
with certification. The anal yses that Sandi a i s goi ng
to do as part of the package performance study i s not
for certification.

MEMBER LEVENSON: Excuse ne one second.
Two of our nenbers are | eaving, not because of your
talk but because they have to go talk to a
conm ssioner. That has a little bit of a priority.
"' msorry, go ahead.

MR. AMVERVAN: Wl |, we'll excuse them |
guess, then. As | was saying, the responsibility for
denonstrating regulatory conpliance is up to the
vendors, and NRC revi ews t hat anal yses and nakes sure
that they do a good job of that and that their
anal ysis is correct and that their package does i ndeed
meet those certification requirenents. The
responsibility of the package performance study of an
organi zation | i ke Sandi a Nati onal Laboratoriesinthis
particular instance is to denonstrate reality, not

conservatism Next slide, please.
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To do the structural nodel, we use the --
Sandi a uses transient dynamic finite element codes
with explicit integration of the equations of noti on.
Such codes are cal |l ed shock dynam c codes. First code
of this type was HONDO, whi ch was devel oped at Sandi a.
Lawr ence Livernore developed a followon code with
nore capability call ed DYNA. That particul ar code has
been comerci ali zed and i s avai |l abl e t o anybody i nthe
conmercial sector who wants it. PRONTO is another
code devel oped at Sandia. It's the code that was used
to do the analysis that are in 6672. That particul ar
code i s export control |l ed and t herefore has very tight
distribution requirenents on it, it's not avail able
commercially. ABAQUS/ Explicit was witten, actually,
by t he sane peopl e who wote PRONTO. They | eft Sandi a
and went to work for HKS and devel oped
ABAQUS/ Explicit, whichis comrercially avail able. And
currently, or just recently, Sandia has devel oped a
code cal |l ed PRESTO, which is the newest code in this
famly. PRESTO, unlike the previous codes, was
witten fromthe start for parallel analysis using
paral l el computers and so it's a little bit -- at
least I"'mtold that it's going to be nore robust in
that environment. Next slide, please.

For t hermal nodel i ng anal ysi s, Sandi a uses
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bot h conmput ati on fl uid dynam cs codes and fi ne el enent
codes to solve the fire dynam cs and t he heat transfer
probl ens. CAFE, which stands for cast analysis in
fire environnents, was a code devel oped at Sandia
designed to nodel large fires engulfing a package.
And it's coupled to P/ Thermal so that the CAFE part of
the code nodels the fire environment. P/ Ther mal
nodel s the heat transfer within the cask. P/ Thernmal
is a fine element code which is comercially
avai | abl e.

SCDDI T, Sandi a One- Di nensi onal Direct and
| nverse Heat Transfer is what SODDI T stands for, is a
code that's used when we're doing fire tests. W
cannot neasure what the incipient heat onto the
package i s, how many kil owatts per square neter, for
exanple, is being inparted to the package. There's
not a gauge that neasures that type of information.
So what you do is you neasure surface tenperatures on
the package and you use a code like SODDIT to
calculate what the heat transfer rate is to the
surface of the package. Because it's a one-
di mensi onal code, it's essentially assum ng that the
test unit is a spherical -- has a spherical geonetry.
It has sonme limtations, therefore, when applied to a

cylindrical geonetry, such as a cask, especially upin
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t he cl osure region.

Vul can is a conputational fluid dynam cs
code devel oped at Sandia to solve a broad range of
fire probl ens, unli ke CAFE, which is designedto sol ve
a much broader class of fire problens, for exanple
offset fireis a good exanple. Atunnel fire would be
anot her good exanpl e.

COYOTE i s a fine el enent code devel oped at
Sandia for solving heat transfer problems. It's a
very robust code for solving a large class of
probl ens. But it's kind of a |egacy code, if you
will. It's being phased out in favor of the next code
on the list, CALORE, which is the newest Sandia fine
el enent heat transfer code. The advantage of CALOCRE,
or one of the advantages of CALORE, is it's been
devel oped i n the same architecture as the i npact code,
PRESTO. Those two codes tal k to each other conpletely
so you build a nodel in PRESTO subject it to inpact,
you can take that deformed shape now that you' ve
gotten fromthe i npact cal cul ati ons and use CALORE to
apply a fire environnent to it.

How do we know t hat t hese anal ysis codes
are giving us the correct results? One of the nethods
is code verification validation. Verification

val i dati on provide high confidence, at least in the
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scientific comunity, tothe conmputational accuracy of
simul ati ons, denonstrating the predictive capability
of the <codes and their underlying nodels.
Verification is the process of determning that the
codeis correctly inplenentingthe mat hemati cal nodel s
that are used to describe the physical process.
That's sayi ng does t he code sol ve two plus two and get
four?

The wvalidation is the process of
determ ning do | have the right code correctly. The
val i dation process tells nme that two plus two i s what
| want to solve, not two tines two. The conbi nation
of verification and validationtells ne, and | needto
do this over a broad range because in that exanple
gave you two plus two and two tinmes two both give ne
the right answer. The code solving two plus two that
gets four, that's the right answer for two tinmes two.
| need to do that over a broad range, because one
times three is not the same as one plus three. That's
t he process of validation. Validation makes use of
physical data, for exanple conparing tests to
anal yses, and al so does code-to-code conparisons --
does nmy code get the same answer as sonebody el se's
code? Next slide, please.

Here's an exanple of the -- | told you
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that the analysis and the test results agreed fairly
wel | for DHLW Here's an exanpl e froma corner inpact
test. On the left you see the test result, on the
ri ght you see the analysis result. And they agree, as
you can see, quite closely. You probably can't read
what the strainlevel is on that on here, but the peak
strain | think there is about maybe 70 percent. Large
deformations inthe inpact limter. Thisisthat ring
inmpact limter that | was telling you about. High
| evel of strains in the inmpact limter, very |ow
strains measured from strain gauges up in the
cont ai nnent boundary. Next slide, please.

Alittle nore detailed analysis of a --
essentially, this was a -- SETU stands for structural
eval uation testing. It was nomnally a third-scale
rail cask designedto be mninmally acceptable, to just
neet the requirenents of the ASME code, have stress
levels at the allowable limt from the regulatory
impact test. It was then tested at speeds up to 60
ml|es per hour. This particular test was seven
degrees off avertical inpact, and that test result is
conpared to the analysis on the right. You can see
that the anal ysis does a very good job of predicting
t he def ormed shape of the test. It also -- that test

had nmany accel eroneters, strain gauges, strain gauge

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

bolts and LVDTs on it. And the analysis also
predicted the response of those gauges quite well.
Next slide, please.

I n addition to nodeling i npact events, we
al so nodel thermal events. This is an exanple of the
CAFE fire analysis code. On the left, you see a test
fire that was used to benchmark this particul ar code
with, and on the right, you see the code results,
agai n, agreeing very closely.

Finally, where are the gaps? Wat don't
we know? Certification tests, for exanple, DHLWand
TRUPACT-11, do not involve significant plastic
deformation in the cl osure region. That's by design.
W woul dn't want to have a package going out there
that had plastic deformation in its closure region
transporting fuel, if it had that, in the regulatory
environnent. Qur risk assessnents, though, predict
when we're going to get package deformation in the
closure region. Do we want to have benchnarks that
show t hat we can predict that response accurately?

The SETU tests were not full-scale tests

and did not invol ve the conpl ete cask system It was

close. | nmean it had a closure, a bolted closure, it
had a | ead steel wall, but it didn't have some of the
ot her conponents that packages have. It didn't have

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

test parts, it didn't have drain valves, it didn't
have neutron shielding. Itsinpact limt was designed
only for end i npacts or nearly end i npacts, it didn't
have a conpl ete i npact | ender system That was done
so that we could do a good job of conparing test and
anal ysis results. It was done so it was easy or
relatively easy to do the analysis. It's not as
conpl ex of a systemas a real cask.

The Crash Test Program in the '70s had
littleinstrunmentationto conpare anal ysis results and
al so it used cask designs that were obsolete at the
time that they were tested al nost 30 years ago. So
that's not an accurate portrayal of what kind of
packages are bei ng used today to transport spent fuel.

There's no data avail abl e on surface heat
flux incipient ontoarail cask-like object inafully
engul fi ng open pool fire. Tests have been done with
t hat slidethat I showed previously, that cal orineter.
That was al nost the size of the truck cask. So for
snmal | er objects we have that on what kind of -- what
the fire environment | ooks like. A rail cask has a
ot of mass, it has a high thermal capacity. That
thermal mass affects the fire dynam cs. W don't have
any data on how well we can nodel that interaction

bet ween a nassive, |large cask and a engulfing fire.
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There's also no data available on the
response of spent fuel to severe transportation
environnents. W have sone tests that indicate what
t he response of packages are, and actually that Crash
Test Program had spent fuel init, but we don't even
know what the environnents that spent fuel saw in
those tests was, so we have very little data on how
does spent fuel behave in accident environments,
especially howdoes it fail in accident environments.

Inacertificationprocess, NRCtypically
assunes that in the hypothetical accident conditions
100 percent of the fuel has failed, which is why
typically packages are designed to be |eak-tight
following the certification process so that they can
denonstrate that they have no rel ease of an A2 per
week.

There's al so no denonstrated comnparison
between the analysis used in risk assessnents, for
exanmpl e, 6672, and full-scal e, high-speed i npact and
fire tests. Package performance study is ainmed at
addressing that, especially that |ast bullet. W need
to have conparisons for inpacts that are a threat to
t he package. W know what the response of the package
istotheregulatory environment. W want to see what

the response to the package is to environnments that
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are nore severe than that. Thank you.

MEMBER LEVENSON: Thank you. Ray?

VI CE- CHAl RVAN WYMER: Yes, | have one
guestion. It has a couple of parts but it's basically
one question. You say there that there was no data on
surface heat flux incipient on the rail cask-Ilike
object in an open pool fire, but in fact you said
earlier that you had a 1,400 degree fire and it got to
300 degrees inside the waste package. Isn't that
dat a?

MR. AMVERVAN: W have data on
tenperatures in that particular test, but we have --
like | said, to relate tenperatures to heat flux is
not an easy thing. That particul ar test package was
tested with its rail car included, which severely
affected the heat flux onto the package. And in a
real accident, that's probably the configuration that
you woul d have. For nost fires, the cask woul d remain
on its conveyance. VWhat happens is that the
conveyance provides thermal shielding, protects part
of the package fromthe fire environnent. In that
particul ar case, there was a cage all the way around
the package, so that provided a great deal of
protection to the cask

It's not conservative and that's the
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reason that the NRC doesn't do that in certification
process to assune that the package i s going to al ways
be on its conveyance. So the planis for the package
performance study to test the package without its
conveyance, so the inpact has to be only of the
package, not of a package plus tractor trailer or
package plus rail car. The fire test also will be a
bare package sitting in the fire environnent as if
sonehow t he ti e-downs had fail ed and t he package had
come off of its conveyance node.

So, yes, thereis sone data avail abl e, but
it's very difficult from that small anmount of
avai l abl e data to infer what heat flux is.

VI CE- CHAI RVAN WYMER:  Now, what you said
was true and accurate, but it was msleading, |
t hought, because t he suggestion earlier was that you
had actually exposed the package to a 1,400 degree
centigrade and in fact you hadn't.

MR. AMMVERMAN:  We had exposed a package
pl us conveyance to a --

VI CE- CHAl RVAN WYMER:  No.

MR. AMVERMAN. -- an engulfing fire, not
necessarily a 1,475 degree fire. Real fires tend to
be actually alittle bit hotter than that, and so the

fire environnent that that package saw may or may not
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be nore severe than the regul atory environnment. Same
with the crash environnents.

VI CE- CHAl RVAN WMER:  But it wasn't 1,400
degr ees.

MR. AMVERMAN.  Well, I'mguessing it was
-- the surface of the package got to 1,400 degrees, so
obviously it saw an environnment. Now, did it get to
-- was it at 1,400 degrees for 30 mnutes like the
regulatory fire -- actually, 1,45? Probably, yes,
because that was a very long duration fire, it was a
90-mnute fire. And so the protection offered by the
conveyance probably didn't -- and this is one of the
difficulties with using that test as a benchmark,
say it probably didn't because we don't know --
protect the package to the extent that it didn't see
even an environment as severe as the certification
envi ronnent .

The sane is truewith the inpact tests, in
the crash tests of the truck casks, for exanple. The
tractor absorbed sone energy, the front part of the
trailer absorbed sone of that inpact energy. By the
time the cask actually hit the inpacting surface,
whi ch wasn't therigidsurface, it wasn't going at its
initial velocity of 60 mles per hour for the first

test or 84 mles per hour for the second test; it

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

66

sl owed down. Those environments may or may not have
been ex-regul atory.

VI CE- CHAIl RVAN WYMER:  Was t he 300 degr ees
internal tenperature the peak tenperature? |s that
what it rose to or was that the tenperature at the
time you started squirting water on the fire or what?

MR. AMVERVMAN: Wl |, | don't believe that
that fire was extinguished and the cast was
artificially cooled. | think that that 300 degrees
was the tenperature of the internals at 90 m nutes.

VI CE- CHAI RVAN WWMER:  Ch, not necessarily
peak.

MR. AMVERMAN: Not necessarily peak

VI CE- CHAI RVAN WYMER: Because it would
have coasted up fromthere.

MR,  AMMERVAN: Ri ght . Because of the
thermal leg, it would have gone up beyond that.

VI CE- CHAl RVAN WMER:  You don't know how
far.

MR. AMVERVAN: | would be willing to wager
that it's docunented in that Centigrade part that |
t al ked about but | don't know.

VI CE- CHAl RVAN WMER: Ckay. Thank you.

MEMBER LEVENSON:. John?

MEMBER GARRI CK: One of the things the
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Conmittee's been struggling with |ooking at the
transportation problemand the tests in particular is
this issue of the information that you're getting
being for the benefit of denobnstrating safety versus
being for the benefit of the science that you're
trying to deal with. And our obsession, of course, is
with the safety and denonstrating the safety. One of
the things that concerns nme here is that you're
delineating a lot of things that you didn't do, and
part of this is a lead up to the package performnce
study that is com ng out and that you're not going to
make t he sane m stakes this time around, you're going
to do all those things. But | suspect in ten, 20
years fromnow, we'll be | ooking back on the package
performance results with the same kind of concerns
because of the advances that are made and so forth.
So the question | have here is trying to
get a handle on howthis information is used. | was
at the 1970s test, they were very inpressive as a
denmonstration of transportation safety of the cask,
and as | | ook at those tests and conpare it with other
engi neering issues that exist and the gaps between
denmonstration tests an t he desi gns, | suspect we build
alot norethings with nuch | ess testing and nuch | ess

data than we're buil di ng these casks, and yet we seem
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to downplay the fact that in spite of the fact that we
had accel eroneters and strain gauges and hi gh-speed
phot ography and target instrunentation on the 1970s
tests, we're not able to convince oursel ves, at | east
from an analysis standpoint, that they were very
useful. And | just have a great deal of difficulty
w th that.

And | guess I'd like to ask a specific
guestion. Can you tell me how these tests have been
used in the nodels that people have been using, say
the three risk studies that have been perfornmed?

MR. AMMERMAN: | woul d say that they' ve
been used very little.

MEMBER GARRI CK: And | think that's
amazi ng.

MR, AMVERMAN:  Yes.

MEMBER GARRI CK: | think that's absol utely
amazing, and it doesn't give me a heck of a lot of
confi dence t hat t he package perfornmance study i s goi ng
to reap a great deal of benefit when you have a
hi story of those very i npressive tests and quite a bit
of instrunmentation, certainly at the tine. And then
you look at the risk assessnments that have been
performed, which are pretty crude and are not very

wel | anchored to those tests in ternms of having a
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scientific basis, and you really wonder where this
thing is going. You start out by saying that we have
enough evidence in front of us now to be high
confident that the casks that we use today are safe,
and then we imediately -- and this is not very
reassuring to the public, I'm sure -- then we
i medi ately give alist of gaps and t hings that don't
exi st .

These gaps, in ny opinion, are probably
nostly relative to the science and very little
rel evance to the safety. And | just wonder if there
isn"t a way we could do a better job of presenting
that picture; that is to say show ng the separation
between what is for the good of science and what is
necessary to give the public high confidence in the
safety of the cask

It's like sonme of the analysis | saw in
t he package performance study justification of not
taking any credit for energy absorption in anything
except the cask itself. Well, | suspect if you did a
very nmeaningful analysis of energy absorption
partitioni ng based on the 1970s tests, you woul d cone
up with some rather dramatic pieces of information
about howthe energy absorptionis allocated in these

ki nds of events. And | don't know whet her that's been
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done or not but it seems to me it's sonething that
coul d be done and woul d be extremely useful.

So | have a whole | ot of questions about
t hi s business and the | ack of a history of continuity
between the tests and the anal yses and particularly
the risk anal yses. The risk analyses that | saw, for
exanple, had very little information in them to
portray the uncertainties that are involved and to
really give an accountability of what we should be
worrying about. Because the risk is in the
uncertainties, and yet those assessnments do not
present the results with any kind of uncertainties
associated with the critical parameters except in the
sanpl i ng process that was perforned in the course of
doi ng the anal ysi s.

So |l think there's a great deal that needs
to be don here to put this whole act together interns
of getting the right nmessage out to the public, onthe
one hand, and then on the other hand, allow ng the
science to nove forward as necessary. But |'m not
very inpressed with the way the test data that's been
generated so far has been kind of buried and not
mani festing itself in the course of the kinds of
anal yses that are what we're interested in doing

today, particularly if we mean what we say relativeto
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being risk informed. And | just wondered if you had
any comment about that |itany of concerns, because |' m
frankly not very inpressed.

MR. AMVERMAN:. To start out with, we have
struggl ed both at Sandi a and at NRC, | think, with the
dual purposes of the package performance study. Is it
a scientific study intended to address the
shortcom ngs or gaps, |let's say, in our understanding
of the science or is it, on the other hand, a
denmonstration programto denonstrate safety? And to
what degree can we narry these two purposes together
and cone up with a programthat addresses both i ssues?
It's beenavery difficult struggle, because soneti nes
what this side wants is counter to what this side
wants. |'mnot certain that we have in our currently
proposed program achi eved the correct bal ance.

That' s one of the reasons why we' re havi ng
this next round of public neetings to tal k about the
test protocols. W'Il go out and say, "These are the
tests that we're planning on perfornming.”" Didthese
tests address the concerns that the community as a
whol e has, and i f not, what shoul d we do i nstead or in
addition to this series of tests that we currently
have planned? The results of that series of public

nmeetings, | think, will tend to either tell us that
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your concerns are legitimte and that we need to do
sonething different than what we're going to do or
t hat we have reached adequat e conprom se between the
two, the dual purposes of the program

Qobvi ously, there are going to be nenbers
of the public that are nore swayed by the safety
denmonstration i ssue than the science i ssue, and naybe
that's going to push the conprom se nore toward this
side of the fence, if youw ll, than toward this side
of the fence. And, obviously, since Sandia is the
organi zati on who wote the test protocols and has
primarily a scientific interest, | wouldn't be
surprised that the current plan is a little bit
leaning this way toward the scientific analysis or
answering the scientific questions.

One of the things that | think is
i nperative and why -- is that if we can convince the
scientific conmunity as a whol e that this programwas
conducted in a rigorous manner and therefore the
results of it are correct, if you can say that the
results of this are correct and apply themnow to a
ri sk study, that gives great credence to the fact that
that risk study is al so correct and renoves one of the
stages of doubt, if you will, on the risk study.

VEMBER GARRI CK: Well, there's a | ot of
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very inportant things that | think can be done. For
exanple, in the reactor safety field, we nade sone
maj or breakt hroughs and better understanding of the
saf ety reactors when we started | ooki ng at things |ike
the I'i kel i hood of contai nnent failure as a functi on of
the capacity of the containnent. And we made sone
very inportant discoveries that gave high assurance
t hat these contai nnents, at |east sonme of them were
extrenel y good and overdesi gned and conservative. W
want to regul ate conservatively, but we want to know
what we're regulating from what constitutes the
basel ine for conservatism And in the case of the
cont ai nnent s, especially on the large, dry
cont ai nment s, the analysis and the testing
denmonstrated pretty convincingly that the capacities
of the containments were anywhere fromone and a hal f
to four tinmes their design basis, and that was an
extremely reassuring piece of information that cane
out of a conbination of tests and analysis and risk
anal ysi s.

So, for exanple, if we had sonething on
t hese casks that was sonething |ike a paraneter that
was the |likelihood of rel ease as a function of inpact
force or energy absorption, | think that would be a

very insightful piece of information as to what the
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contai nnment capability of these casks are. And from
a safety and risk standpoint, | think these are the
ki nds of things we'd |ike to see nuch nore focus on.

MR. AMMERMAN: And | think that was one of
the big differences between 6672 and the prior risk
studies. Both 0170 and, to maybe a slighter |esser
extent, the Mdal study, assuned that the packages

failed as soon as they got into an ex-regul atory

regi me.

MEMBER GARRI CK:  Ri ght.

MR. AMVERMAN: That they had zero design
mar gi n. Si xty-six seventy-two did not make that

assunpti on.

MEMBER GARRI CK:  Ri ght.

MR. AMVERVMAN: It said we will determ ne
or we will attenpt to determ ne what the design margin
is of a generic cask. One of the other issues with
the risk studies, all of them have been done using
generic casks. |Is that the correct answer? Maybe
not. Maybe what we should do is | ook at some specific
casks. One of the reasons why the -- that generic
cask assunption is one of the reasons why the inpact
limter was assumed to have zero design margin in
6672. Sixty-six seventy-two said the inpact limter

absorbed the energy of a 30-foot drop and no nore.
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And so for higher velocity inpacts, the
analysis said we'll just add the energy that the
i mpact limter absorbed to the equival ent vel ocity and
get a higher equivalent velocity. And at a 60 nmle
per hour inpact speed, that makes that 60 mle per
hour instead to be a 67 mle per hour, which is a
relatively small delta. And, of course, at 90 --
that's just not true. The inpact limters have
tremendous design margin in them They can absorb
much nore energy than just the 30-foot drop

If we were to do an analysis of a real
package, and this is one of the things that PPS is
going to do, it's going to use a real cask, not a
generic cask, not atest nodel, it's going to use real
production cask, and one of the things that the
anal yses that we' ve done towite the protocol report,
as indicated for therail cask where the test i s going
to involve the inpact limter is that the inpact
[imter has a trenendous margin of design margin in
it, and it absorbs nmuch nore energy than just a 30-
f oot drop.

MEMBER GARRICK: My only point is that I
woul d | i ke to see a nuch stronger rel ati onshi p bet ween
the tests and the analyses, and the nature of the

analyses I'dlike to see that stronger relationshipis
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with risk and safety, not necessarily just a finite
el ement code or structural or thermal, because all of
the codes that you present up there are either
structural or thermal. There's nothing up there about
| eak rate or there's nothing up there about risk, and
in many respects to the public, there's nothing up
there that really nakes the final connection to what
they're nost interested in, namely whether one of
these things is going to break open and rel ease a | ot
of material. That's my point.

VI CE- CHAl RVAN WMER: | have one sort of
hal f facetious followup on tenperature. Your drop
test was at mnus 30 degrees. Did you deliberately
choose the coldest day in the winter in order to get
the properties of the materials that you wanted or
you're just sort of masochistic?

MR. AMVERMAN. Actual ly, you know, it ki nd
of works out this way, it seens |ike, that peopl e cone
to us and want us to do a cold test in the sunmerti ne,
and they conme to us and they want us to do a hot test
inthewntertime, | don't know. And so what we do is
we put the test in an environmental chanber, we cool
it down to the desired test tenperature. The air
tenperature that day was not that cold. As a matter

of fact, | don't see any ice around the target area,
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so I'mguessing that that test was done -- actually,
as | recall, it was done in April, so the air
t enper at ur e was probably at that site soneplace inthe
70s when that test was conducted, 60s or 70s.

VI CE- CHAl RMVAN WMER:  So you cool ed the
cask, then you cooled the plate and then you quickly
ran them out there and dropped thenf

MR. AMVERMAN: The plate is at anbient
tenperature, we just cool the cask.

VI CE- CHAl RVAN WMER: | t hought you said
it was at m nus 29.

MR. AMVERMAN: The cask was at m nus 31,
actual ly.

VI CE- CHAl RVAN WMER:  And | t hought you
said the plate was at m nus 29.

MR, AMVERNMAN: No. The plate was at
anbi ent tenperature.

VI CE- CHAl RVAN WMER:  What was t he m nus
297

MR. AMVERMAN: The minus 29 is what the
NRC regul ations -- okay. What | said is target
temperature, which is we tried to get the --

VI CE- CHAI RVAN WMER:  Ch, okay, wrong --

MR AMVERMAN Yes. Now | under st and

wher e your confusion cane from Not the plate, right.
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Different target.

VI CE- CHAI RVAN WYMVER:  That ' s why | t hought
it was outside. Ckay.

MR AMVERMAN:  Ckay.

MVEMBER LEVENSON: |"ve got a couple of
questions. |'m having real problens separating out
t hi s hodgepodge of testing to check certification,
testing for denonstration and testing to assure the
public, because it isn't very clear to ne that these
aren't conflictingandthey' re not clearly not clearly
delineated what's for what. And for instance, your
list of gaps that has to be for pure science, because
the first bullet -- | guess | do consider nyself a
menber of the public, and | feel if you did the tests
and there was no deformation, it nmeans the design is
conservative. That's a basic gapin pure science, but
suppose you have to go 175 mle an hour to get
deformati on. Wuld you propose to go there till you
denmonstrate that you' ve done defornation?

MR. AMVERMAN.  No. | would say --

MEMBER LEVENSON: And by the way, 175
m | es per hour you know was a nunber in the draft plan
for PPS, so this isn't sonething | nade up.

MR, AVMMERMAN: Actually, 1 think that

there's no need to go -- froma denonstration poi nt of
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view, there's definitely no need to go to inpact
vel ocities that are higher than the accident record.
And when we devel oped the initial plan for package
performance study was before we had done any revi ews
of the accident record. W were relying on the
acci dent record as portrayed by the Mdal study, and
| think that they only had inpact velocity up to 150
m | es per hour in there.

| f we say that the spent f uel
transportati on experience i s maybe not goi ng to be the
same as the global transportation experience, for
exanmpl e, freight trains don't go 150 m | es per hour.
There may be train accidents at that velocity but
they're not fromfreight trains. They would be from
passenger trains. Those are the higher speed trains.
So the only type of accident that would invol ve that
ki nd of velocity is a train-to-train collision. And
to use that inpact speed for other types of accidents
is probably not a smart thing to do, if you will.

But the accident record definitely does
show i npacts up to 90 m | es per hour for both truck
and train collisions, and so where do you draw the
line for denonstrations and safety purposes, mybe
somepl ace I ess than that. |If you want to say that our

anal ytical capabilities are adequate to predict
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failure, if that's the goal to say that our anal ytica

capabilities can predict failure of these various
conponents, then that may drive your velocity to a
hi gher nunber in order to denonstrate the test shows
t hat you had failure of that particul ar conponent and
we predicted it correctly.

MEMBER LEVENSON. Well, | guess |'d be
noreinterestedinfeelingconfortabl ethat your codes
could predict when | wouldn't have failure than
accuracy on predicting failure if failure is beyond
reality. This is kind of a generic issue.

MR, AMVERMAN:  Yes.

MEMBER LEVENSON: You rai sed the question
of rigorous and | think that's a little bit of a red
herring because | have a great deal of respect for
Sandi a and | don't have any doubt that all the testing
they do is rigorous. That has very little to do with
t he conditions you pick for doing the tests.

| have a followup question for George.
He's not here so he's not a nenber of the ACNWat the
nonent but he is a taxpayer, and his questionisisn't
it significantly cheaper to extract the data fromthe
old tapes than --

MR. AMMVERMAN:  Yes. It is significantly

cheaper, but -- and one of the things | didn't put on
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ny slide but it is a consideration is would you have
confidence in the fact that ny anal ysis matched the
test results, that | already knewthe test results as
opposed to predicting a test result before | didit?
There's a much higher -- | contend that there's a nuch
hi gher | evel of confidence if | predict atest result
than if | match a test result.

MEMBER LEVENSON: But in this case you
don't have the data yet, so you can predict it and
then go extract it, so that's not an issue in this
case.

| n your DHLWt est, you sai d t he anal yti cal
results were generally conservative. Ws this by a
factor of 50 percent or two orders of magnitude or how
far away are we? See, the assunption on the
regul atory side is that the regulatory requirenents
al ready have conservatism in them and |'m just
curious how many nore tinmes we're adding nore
conservati sm

MR. AMMERMAN. The DHLWanal ysis results
-- and part of the reason that they were conservative
is because the analysis results were not pre-test
predictions. They used mninmummaterial properties,
the test unit had real material properties. They were

on t he order of maybe rangi ng fromconservati smfact or
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of 1.2 up to maybe as high as four. Now, it depends,
of course, on what you say is a conservatism \What
are you conparing? Andthat's one of thedifficulties
whenever you try to conpare anal ysis of test results.
If I say that the test result the answer was 120, the
anal ysi s result answer was 150, the al | owabl e was 100,
t he conservatismin ny test was 20, the conservatism
in nmy analysis result was a 50, so is ny analysis
result two and a half tinmes conservative relative to
the test result? It's difficult. You have to be very
preci se in describing what you' re conparing to when
you say the analysis showed a conservati sm of X

MEMBER LEVENSON: Ckay. Well, that, of
course, is back to John's question: If you' re not
carrying the cal culation out for sone indication of
ri sk, you don't what the conservatism neans.

MR. AMVERMAN: And one of the things that
| think that has been | acking in past risk studies is
what John suggested is what is the sensitivity of
things? Sixty-six seventy-two did sone, as you sai d,
in the sanpling of paranmeters, but probably the nost
i mportant parameter is what is the package response?
And there was no sensitivity study at all done on
package response. How sensitive is the response to

the fact that mi ni nummaterial properties versus real
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material properties? How sensitive is it to inpact
orientation? W did an analysis at CG over corner.
What happens if you're two degrees off of that? A
whol e host of issues with respect to sensitivity to
anal ytical results of the package to the inpact
environnents. W coul d spend the manpower that's in
this roomfor several years, though, to try to nai

t hat answer down precisely.

MEMBER LEVENSON: | know, and that's one
of the things that bothers mealittle bit. |'mgoing
to do sonething I don't very often do in public and
that's maybe defend what the NRC staff does about
sonet hi ng, but their use of m ni numproperties, which
you' re ki nd of poo-pooingalittlie bit, seenstoneis
the only thing that in aregulatory safety worl d makes
any sense at all, because, for instance, you want
exact di nmensi ons and exact properties. | usedtolive
next to where | oconotives were built and | can tel
you that each one is a customone, there are no two
that are absolutely identical. So are you proposing
totest all the |l oconbtives? | nmean | think you have
to work with sone kind of bounding.

And here, again, we're basically com ng
into conflict between is this test confirmatory for

safety or is it to get additional data for scientific
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research, whichis an adm rabl e objective. | spent 45
years in research, | never had enough data for
anything. But in the real world -- which doesn't --
which like John, | have sone real problens wth
defining as gaps, which we're interested in safety
gaps, which are gaps in scientificinformation and nay
not be relevant for risk. Any of the staff, ACNW
staff menmbers want to comment ?

VMEMBER KOBETZ: Doug, | know you were
saying that with the casks that you tested in the ' 70s
you didn't knowa | ot about the fabrication tol erances
and things like that, but can you tell us anything
about the design margins and design characteristics
and how t hey conpare to today's casks? | nean was it
stainless steel shell, was it a carbon steel shell,
was it bolted closure, was it welded closure, was it
a cask inside a cask?

MR. AMMERMAN: They were stainless steel
casks with bolted cl osures, very simlar in concept to
t he packages today. They were all designed for wet
transport of fuel, in other words, fuel with cooling
water in the cask cavity as opposed to today's
packages whi ch are designed to transport fuel dry with
inert gas in the cavity. That was probably one of the

big differences. The closures were not really as
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robust as nodern cl osures are. You can even see that
in certified packages that are still certified. The
ones that are ol der have fewer closure bolts than the
newer cask designs, typically. So that is an area
that we're still progressing toward increased safety.

MEMBER KOBETZ: So they were with water in
t hent?

MR AMMERMAN:  Yes.

MEMBER KOBETZ: And their closures were
not as robust as they are today?

MR.  AMVERMAN: They were tested wth
water, and the closures are not as robust. And,
actually, the requirenents weren't as stringent, |
think, inthose days. | nmean the interpretation. The
requi renent was to A2 per week and in sonme of those
tests there was actually sonme | eakage of that water.
There was a burp, if you will, of the closure, and
some of that cooling water was rel eased, arelatively
smal | anobunt. And then the closure, of course, after
t he dynam ¢ event was over, cane back to its initia
position and there was no nore | eakage.

That probably would not be acceptable
today. The way that package closures are designed
today is such that the dynam c inpact that's on the

liddoes not relieve conpletely the pre-loadthat'sin
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the closure bolts, and so that there will not be a
bur p.

VEMBER KOBETZ: Is all that describing
t hose two Sandia reports?

MR. AMMERMAN: The fact that the tests
resulted in the | eakage of a small anpbunt of water is
in there. The fact of why that is and what's
different today is not in there.

MEMBER LEVENSON: Any other presenters
have a question or corment? ldentify yourself first
for the court reporter.

MR. BRACH. Bill Brach, NRC. | thinkit's
worthwhile to make just a couple of conmments on the
package performance study. That's been a topic of
much of the presentation as well as the discussion.
| think the characterization of, if you will, the
conpetition or the interplay between science and
safety isinportant torecogni ze here, earlier conment
about the speeds. So, clearly, from NRC s
perspective, the package performance study and the
tests, if we carry the tests out, need to be
consi derate of water realistic testing scenarios that
an actual spent fuel transportation package m ght
encounter as it's being transported, whether it be by

road or by rail. So the consideration of the realism

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

87

of the scenario has to be and it's fundanental.

Al so, adiscussionwithregardtothe kind
of, if you will, the science versus the safety. In
earlier discussion, questions to Doug with regard to
the material properties -- of the materials used in
fabricating the cask design. | think Doug's conment
or response was fromthe perspective of a concernwth
regard to the nodeling and analysis that's done and
t he accuracy of that nodelinginpredictingresults so
that the results when conpared to actual physical
tests would have as accurate a conparison base as
woul d be possible. And | think we | ook at too again
the extent to which the science or the safety basis
woul d | eave that to the extent towhichinformationis
needed or sufficient to be carrying out the tests for
t he conpari son.

We'd know clearly that +the safety
responsibility we at NRC have is dependent upon
relying on the safety and the technical analysis and
basi s that we nake reference to, so we need to be sure
that we're bridging that gap, if youwll, so that the
safety m ssion responsibility, we nust exercise that
we're confortable and confident with regard to the
techni cal and the sci ence basis that we're rel yi ng on.

But | think the comments and questions
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that we've been discussing in relationship to the
package perfornmance study and t he physi cal testing are
| think representative of the type of interchange and
i nput we're going to be |ooking for when we provide
the draft test protocol, both to the Conmttee ACNW
as well as to stakeholders in the earlier public
neetings that |1've nentioned as far as hel ping us as
we take the, 1'Il call it the draft, and it seriously
will be a draft, a draft of the test plan.

And we are trying to finalize that plan
with regard to what specific testing activities,
i nformation, know edge of materials, et cetera, are
needed and appropriate as well as the various test
conditions for the actual conduct of the test. But it
| ooks like the interaction we're having is as well
what we're | ooking for in our outreach activities as
t he package performance study progresses to help us
shape and be carrying out tests that --
responsi bilities but al so provide a basis fromboth a
sci ence and t echni cal basis that we're confortabl e and
confident that we can rely on that basis for our
saf ety deci sions.

VEMBER LEVENSON: Let me ask one quick
guestion of you since you raised this issue in a way.

W11l you be viewi ng these tests symmetrically? And by
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that | nmean now on regul ati on you assunme 100 percent
fuel failure. The result of these tests it confirns
what i s somewhat t he previous experiencethat thereis
no fuel failure. Let's be utilized to revise
regul ati on based on --

VR. BRACH: In response to Dr.
Hornberger's wearlier question, we'll need to --
actually, we need to | ook at what the results of the
tests tell us and denonstrate. As Doug has
nmenti oned, much of the nodeling and analysis and
actual testing has denonstrated that there's been no
breach of a container. So fromthat perspective, the
contai ner that contains the radi oactive material, as
mai nt ai ned as | eak-tight, whether there's 100 percent
fuel failure in the accident or sone other |ower

percentage, we need to step back and | ook at the

resul ts.

MEMBER LEVENSON: No. |'masking a nore
generic question that all of this wll provide
upgraded information. WII it be | ooked at whet her

it's greater or |less than existing situations?
MEMBER GARRI CK:  One aspect, and thi s goes

back to some of the underlying, 1'Il say, risk-

i nformed or performance-based considerations, we'l|l

i ndeed take a | ook at what the test results and test
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information tells wus in relationship to our
regul ati ons and our revi ewapproach. Andif there are
aspects of our regulatory process that we need to
rel ook at, both froma risk-inforned perspective, and
if the margins are such that nore than mght be
reasonably expected, we'll have to | ook at what those
test results tell us fromthat.

MEMBER LEVENSON:  You know, Bill, that you
are on the right side of this Comrittee when you say
you're nmoving toward a risk-informed approach

We'rerunning fivemnutes late but that's
pretty good for this nmorning, so we'll take our 15-
m nute break now.

(Wher eupon, the foregoing matter went off

the record at 10:41 a. m and went back on

the record at 10:57 a.m)

MEMBER LEVENSON: We'll restart the
session. Before we start the next speaker, | sort of
cut Doug off a little bit at the end, and he m ght
want to make a final comment or statenent.

MR. AMVERMAN: Actually, | wanted to nake
one clarification, and that is that nmy |ast slide --
and it says, "Wiere are the gaps?' -- it doesn't
real ly say what the gaps -- what are the gaps to what?

And it's to determ ne what the level of safety is,
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what the margin of safety is in packages, not to
determ ne if the packages are safe.

We have no doubt that the packages, as
currently designed and certified, are safe. W just
don't know what that margin of safety is, and that's
where those gaps are. \Wat nore information do we
need to know to determine that margin of safety?

MEMBER LEVENSON:  Thank you.

W'll nove on to a summary of work at
Law ence Livernore. Larry Fischer?

MR. FI SCHER: There we go. Okay. First
of all, I"Il talk alittle bit about nyself, so that
you know how | fit into this industry. Actually, I
got into the transportation industry on spent fue
while I was working for GE, and that was in 1979. |
was the manager in charge of the --

PARTI Cl PANT:  Your microphone i s not on.

MR FISCHER | put thisonearlier totry
to get around this, but thank you.

kay. | just wanted to say a few words
about nyself, so that you know where |I'mcom ng from
alittle bit, and that | worked for General Electric.
In 1979, | was the manager in charge of the |IF-300
cask, and I did a lot of work also out of Mrris,

[11inois. | was stationed in San Jose, and | went
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t hrough the consolidation report on the |IF-300.

And | actually downgraded the |F-300
because we supposedly were going to ship fuel wet.
Processi ng went away, didn't nmake any sense. W had
a lot of problens with our pop-it valve shutting, and
SO we just came up with initially a burst this type,
and then finally we ended up just with a blind fl ange
and showed that the cask would be safe. And, of
course, we went fromwater to helium

And then | cane to Law ence Li vernore, and
|'"ve been here about 20 vyears. And |'ve worked
primarily on NRC and DOE safety-type prograrns.

Next slide?

kay. | wanted to | et you knowt hat since
| work for Lawence Livernore, we had a simlar a
simlar situation that came up and that nuclear
testing was suspended in 1991. And so it neant no
nor e bi g ground/ underground testing going on. And we
had to be able to certify that our weapons woul d wor k
when they' re supposed to work and not work when t hey
aren't supposed to work.

So they had to be highly reliable. W had
to understand how they worked, and some of the
physi cal basis. And so we went towards a science-

based type technology in trying to understand our
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weapons, because we coul d not go out and do a full-up
test. We could only do conmponent tests and what we'd
call subcritical tests.

And we al so had an agi ng probl emw t h our
stockpi | e, because we were no | onger al |l owed t o desi gn
new weapons or bring new ones in. Al ways before we
woul d have a new weapon in about five to 10 years'
period, and so then the older weapons would be
retired. So this was a big dilenma for us in how we
were going to do this.

And so it cane about that we devel oped
what we call a stockpil e stewardship programwhere we
certify that the weapons are operable in the right
manner. And one of the cornerstones of this program
was t he devel opnent of hi gh-speed conputing, greatly
expanded nenory, and nulti-scale, nmnulti-physics
conput er nodel i ng.

And this is just an exanple of where we
are today. This is our ASCI Wiite conputer. It's a
14 Ter aFl op conputer. W' re al ready buil di ng our 100-
Ter aFl op nachi ne. W will do full simulation of
nucl ear expl osives and ot her types of things.

Now, we go nul ti-scale, multi-physics. W
go down to the nano level. That's not, obviously,

required for this type application, but I want to say
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that there's a ot of capability there to go down to
t he nano. That is belowthe mcron. In fact, sonme of
the stuff, they go down to the atomc level. So we

now have these capabilities.

Next slide?
Okay. |, first of all, want to go t hrough
t he background a little bit. 1'Il go a little bit

nore into howwe got to where we're using all of this
hi gh- speed conputing. Then |I'mgoing to tal k about
four different projectsthat | ledinthe past. There
was t he nodal study, shipping port reactor shipnment --
that was actually a DOE project.

The pl utoni umair transport certification
-- that's of interest because it was very high
vel ocity types of things, and we did do both testing
and analysis for that. And then, on the other
extreme, we went to |low velocity inpact testing and
solid billets onto concrete pads for the storage
program And then I'm going to do a quick little
summary with some concl usi ons or reconmendati ons.

Next slide?

kay. The |ab Law ence Livernore cane
into existence 50 years ago. In fact, it's our
anni versary as you sawon the first slide. And we've

been combi ni ng testing and anal ysis over the |last 50
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years in order to evaluate and understand physi cal
phenonena.

We devel oped, in the late 1960s or early
1970s, conputer codes for structural, thermal, and
nucl ear transport analysis, very simlar to what
Sandi a did, except we were -- got a lot into the
nucl ear transport analysis because of the weapons
program

And we |earned earlier that we had to
conbi ne tests and anal ysi s t o benchmar k conput er codes
in order to evaluate our system performance. Al so,
post ul at ed acci dents, natural phenonena, and sabot age,
because you can't go run thousands of tests for every
situati on.

So what we would do is go out and
benchmark our codes, try to find out how well they
wor k, and then we would then apply themto a whole
vari ety of situations and environnments, and so forth,
to see how, whatever enters the system how it would
respond.

And this includes seismc, and so forth,
so we set up that nethodol ogy or paradigm whatever
you want to call it, to conmbine the two together
because you can only run so many tests but you're

interested in nuch nore than just what you tested.
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O course, nmassive paral | el processing has
come al ong, and so we have exploited that. Also, the
nmul ti - physi cs nodel i ng has devel oped over t he past 10
years or so. And so now we can do a | ot of things we
could not inthe past, and it really reduces the need
for large-scale nodeling and nultiple tests.

Next sl i de.

This gives you an i dea how t he conputing
wor | d has expl oded si nce 1952. W had a Uni vac out at
the | ab, and we had 1,000 Fl ops per second -- 1,000
FI ops per second. O course, thisis an old tube-type
machi ne. And then, once we got up to CDC and 3600,
well, by this tine, we were going to solid state with
transistors, and so forth. So we made a great junp in
going from52 to 72.

And suddenly we're starting to tal k about
going into MegaFl ops. And then there's a CDC 7600.
"' msure many of you renenber that nmachine. Then we
went through the CRAY type, | think. And then finally
we went into the nulti-processing, massively parall el
processi ng.

W' re now up around 14 Ter aFl ops wi t h ASCI
White, and that's been online for about two years now.
And we have under construction our 100 TeraFlop

machine. 1t |ooks |Iike a huge doubl e parki ng garage,
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and it's all going to have conputers and servers in
it. It's really an unbelievable structure when you
look at it to just think it's going to contain
conputers.

Al so, very inportant is the fact that our
deskt ops and wor kst ati ons have gone up greatly, and we
can see that a Mcintosh & and Pentium 4 is
equi valent to |ike our CRAY YMP of just a few years
ago. It's incredible, and we can see that this is
goi ng to nmake another junp, because we now have the
extreme wultraviolet Ilight -- [lithography com ng
online, sow're going to see this thing junp another
factor of three or 10, maybe even a factor of 100.

Well, that's great to have all that
capability. But if you don't have the codes to use
it, nothing happens. So as part of this thing, we had
to go out and i nprove our codes, and we've been doi ng
that over the years. W started out with sinple
t hi ngs | i ke paper-scal er type of setting. It's cards
-- renmenber the cards? W used to drop them and
forgot to nunmber them and then we had to go and
scranbl e and have to redo them all

Al so, we got into paper and tel etype, and
then finally mcrofiche. And by this tinme, we're

getting to 2/3Dtype of codes. And next we went on up
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and got sonme good graphics and then sone nore
i mprovenents in our 2/3D codes -- that is, our
capabilities, just having a 2/3D code that doesn't
have slide |ines and that kind of stuff, and a | ot of
good materials, nodels, doesn't do you nuch good.

So you' ve got to have the so-called sub-
routines or materials nodeling that fit inwth those
codes. And then we cane out with our L code, which
does not only structure but alsofluids, interactions,
and the di fferent types of contacts between surfaces,
so that we could do better anal ysis.

And, finally, we're up here where we're
doi ng massi ve parallel type of stuff, 3D rendering or
simulations. And I'll showyou one sinulation today.
Unfortunately, it's not on a cask. It's on a dam
And the codes go on up to great inprovenents, again
inthe materials nodeling with the nulti-physics and
auto contact and auto neshing, and so forth.

So these nodel s have gotten to | ook nore
and nore |ike actual tests, once you get down to it,
if it's done properly -- and, of course, that's why
you do some benchmar ki ng.

kay. Modal study was the first thing
that we did for the NRC, and it was the first tine

t hat we used quantitative conputational nodeling and
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anal ysi s to eval uat e responses of representati ve casks
to severe accident conditions to estimate the
radi ol ogi cal rel eases.

And the overall objective of the nodal
study was to | ook at NUREG 0170. There was conpl ai nts
fromintervenors that they didn't | ook cl ose enough at
spent fuel, and at that tine all we did is severe,
extremely severe, severe, and so forth, and it was a
qualitative type of judgnent. It was not a
quantitative thing that tied fromthe cask design to
the estimated radiol ogi cal rel ease.

And so what we wanted to do -- evaluate
t he safety of the cask provi ded under severe acci dent
conditions. Andthis has net conditions that went way
beyond the regulatory test conditions to show that
there is significant margin built into the cask. And
what happens is that under regul atory conditions the
cask remains essentially in elastic node.

So we knew there was a | ot of capability
in it for deformation and to exceed very high
| oadi ngs, and especially if they're using ductile
mat eri als, such as 304 stainless or high grade, snall
grain steels. Then we knew it could actually deform
store up a lot of energy, and not fracture or break.

That it had what we would call a graceful failure
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versus a catastrophic failure. And so that was the
way we went into the study, and it pretty nmuch went
the way we thought it woul d.

We used a CRAY 1 machine at that tinme --
it was a one G gaFlop -- to formour analysis. W did
primarily 1D and 2D anal ysis, because the costs were
very high and the time limted. W spent about 25 to
30 percent of our budget just on conputer tine,
believe it or not, and that was very expensive for
t hose days.

We did do one single 3D anal ysis in order
to show that by doing a 2D analysis that the results
were conparable. In fact, we were conservative.

And we did have a problem then, and we
are constantly attacked for it. W did not have any
benchmark for the code for cask. W had weapons that
we' d benchmar k, weapons conponents, and cl osed form
solutions. So that was a bit of a gap at that tine.

Here are sone results. You can see what
we used. We would have liked to use a nore refined
one, but, again, it's a problem of cost and
conput ati onal time. So we used this one for the
railroad cask, and we did do finer neasures in order
to see if this one was adequately representative and

it didn't put in alot of error.
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And we decided that this one was a good
conprom se between getting good results and
satisfactory results that were not m sleading. And
this was a 90 m | e an hour inpact onto an unyi el di ng
surface, and you can see there's | ead sl unp. This was
a | ead cask.

The next slide shows where we did the 3D
nodel . W used the truck cask for that, because it
was smaller. And we i npacted at 90 m | es per hour and
put the inpact limter on it. W wanted to see how
theinpact limter interacted with the cask, and as it
came on down and we could see it starting to coll apse
here, and collapse alittle bit nore. By the way, the
inmpact limter flew off in this particular analysis.

But anyway, the result here with t he nost
def ormati on matched up well with the 2D nodel. So we
felt satisfied that we were getting valid results.

The next project | worked on was the
shi ppi ng port reactor vessel. W, by this time, had
our CRAY YMP, and that's the one we used in 1988 in
order to run these analyses. W used conputationa
anal ysis with scal ed nodeling to obtain certification
for the shipping port reactor package for shipnent.
This was a DOE certified package, not an NRC one, but

a DCOE one.
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The ot her thing, too, is that the shipping
port reactor had no fuel init, and so it was what we
call a Category 2 package, which is -- the
requirenents are less stringent than that for a
Category 1 or spent fuel package.

And so we proceeded to try to i ncorporate
the inportant features in a 1/10 scale nodel. This
t hi ng wei ghs 1,000 tons. W would have |iked to use
a | arger scal e nodel, but when you' re down to -- when
you're |l ooking at a 1,000-ton drop test, it's way too
hi gh. So we backed off onto a 1/ 10, which was around

a one ton type of system And we got really quite

good at --

MEMBER LEVENSON: Do you real |y mean 1, 000
tons?

MR. FI SCHER: What ?

MEMBER LEVENSON: Do you real | y nean 1, 000
tons?

MR. FISCHER Yes. It's areactor vessel.
"1l showyou. It's areactor vessel. [|'Il showyou.
Yes, yes. It was a big one. I'mtrying to show that

we can do big things, small things, and things in
bet ween, basically.
We got what we thought was fairly good

agreenent, given that the size of the package and 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

103

instrumentati on, and so forth, and the state of the
art at that tine. W got nmuch better as tine went on.
But we were abl e to get a 30 percent agreenent between
t he scal e nodel testing.

And then using that benchmark Dyna code
with -- which used the 1/ 10 scal e data, the -- we then
dropped the full reactor package in three, four
different orientations, a bottomdrop, a side drop,
and a corner drop.

And we were able to show that we net the
regul atory drop requi rements wi t h good saf ety nmargi ns.
That neans that the package would not fail and that
also it included a 30 percent difference in our
benchmar ki ng. So we wanted to make sure that we
included that as part of the margin, and so the
package was able to get certified.

Here's a -- next slide?

CHAl RVAN  HORNBERGER: Just a quick
clarification on that. So when you say a good safety
margin, that --

MR FI SCHER: That neans --

CHAI RVAN HORNBERCGER: - - some quantitative
neasure, a factor of three or --

MR. FI SCHER: That neans |i ke a factor of

one and a hal f.
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Now, this was only a Category 2 package.
Usually, we'd like to have nore |like a safety factor
of three on a Category 1. So there is a difference.

This is the test that we ran. It was
dropped, and you can see we had about a six and a hal f
inch flat spot onit, and then this was the analysis
we ran. And we predicted about a five inch flat spot
on it, and sone voiding here. And when we cut it
open, we did find sone voiding here. That was a big
surprise that we were calculating that. And then
actual Iy when we cut the package open we di d see that.

And then the next slide is the reactor
package. As you can see, it's over 40 feet |ong and
about 18 feet in dianeter. W had to put a new
lifting beamon top, and we had to put the screws in
here, or the bolting, long bolts. And we put in 16 of
t hose, and we took out sonme of the closure studs on
t he reactor and used those, and there are 28 of those
left.

We had sonme insulation in between, and
this was all filled up with grout. And then this was
alsofilledwith grout, and the bottomwas filled with
grout. That was all nodel ed.

Next slide?

Ckay. This is the actual finite el ement
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nodel we put together. Here is the grout inside of
the reactor pressure vessel. Here is the pressure
vessel itself with the nozzles. Here is the head
closure, and here's the insulation that was in
between. There is a ringer around it, and then there
is concrete in between the reactor vessel and the
t hermal shi el d.

These are the bolts. W actually nodel ed
t hose, so that we could see if they stretched or bent.
And this was the lifting beam So that was all
nodel ed.

Now, |'ve also had sone problenms in
retrieving old files. Unfortunately, we ran all this
on the YMP conputer. It's a classified conpute, and
nowadays it's hard to get unclassified work off of
classified conputers.

W are downloading it, and we will go
ahead and run sonme of these new drops, and so forth.
But it got alittle too tight to make it for today.
But we did have good results. Andlike |l said, it did
pass the certification test.

The next one | want to tal k about is PATC
tests. That is, the plutoniumair transport package
or certification package. This was -- believe it or

not, was done on a Silicon G aphics, |ncorporated
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wor kstation. Guess what? W owned it. It was cheap
torun. W did not have high cost of trying to run it
on a CRAY YMP, and we had conplete control of the
machi ne. W did not get bunped for weapons work or
ot her hi gher priority work. We were in control of our
own desti ny.

Qoviously, it took us longer torun it on
this machine, but it was a 200 MegaFl op type nachi ne
wi t h doubl e precision. And so we were able to do al
ot her conput ati onal anal ysis with this machi ne. These
were very high inmpact velocities, went up to over 600
m | es per hour, or about 950 feet per second.

We made up a 1/ 6 scal e nodel, because we
knew t hat we had to benchmark the nodel against our
code, or our code against the nodel. And we used
grout for the inpact Ilimter, because we had
experience with the grout, with the shipping port
package. And it was well characterized, and so we
felt very confortable using it as an inpact limter,
rather than crushing it. It basically defornms and
noves nass to the side, and that's how the energy is
absor bed.

W put a little alum numball inside to
get the peak Gs, to see what type of Gforces this

was subjected to. And then we did tests, inpact
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vel ocities, fromabout 17 to 157 nmeters per second on
a steel surface, basically an unyielding surface, and
then we did a couple of shots on a concrete surface
which was -- there's a typo here -- it was -- 288 was
t he ot her nunber.

We got good agreement with the inpact
l[imter deformation -- was denonstrated between the
scal e nodel i ng and conput ati onal anal ysis. \Wereas
with the peak Gthing it was within a factor of two or
sonmething like that. W always seem to be having
little problens with correlating accel eroneter test
data with our analysis. But the next project we did
we resolved that, so there is hope.

Next slide, please.

Okay. Here it shows a picture. This is

the nodel that we built. W shot this out of a six-

inch Howi tzer gun. It was a Navy gun that we had in
our bunker, and we just loaded it in just like a
regul ar old shell, put in sone powder and shot it out

agai nst these targets.

And t hese are the way t hey | ooked, and t he
little ball was right in here in the containnment
vessel. It was high strength, whereas this was the
grout with the def ormabl e 304 st ai nl ess st eel package.

And this is where it went at 516 feet per second onto
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an unyi el ding surface, and you can see it got pretty
close to the end.

And we were trying to determ ne what the
equi valent velocity was for an unyielding surface
versus a soft rock type surface. In this case, we
used the grout.

And this is the 288 or 945 feet per

second. You can see that we didn't quite hit it
strai ght on. This is one of the problenms wth
shooting it out of the gun. You don't get exact

straight-on hits, and you can see that a little bit
here, too, that it's flattenedalittle bit off tothe
side. And this one it tilted a little bit this way.

So havi ng gotten that -- next slide-- how
do we match up with our analysis? Now, we used
essentially the same grout, sane conputer nodel for
t he grout that we had used for shipping port. And so
this is where, you know, it was really amazing how
well we could still benchmark this thing.

You can see thereis thelittle ball that

was -- the little alum numball, and here is the nesh
here. And it kind of -- it looks Iike it lined right
over the top of it. Again, we got very good
correlationw th deformation, but we were still having

problens with correlating with accel erati on.
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And t hen here's the ot her one t hat was 900
-- 288 neters per second on a soft rock, and you can
see it's right near the end here. Now, this is
symmetrical, whereas t he ot her one was not, because it
can shoot it straight.

Next sli de.

Now we got over to billet testing. W did
this also for the NRC. Again, we went to the SG
wor kst ati on, because of the cost consideration and the
fact that it was conveniently avail able. And the
thing that we're | ooki ng here at was primarily tipover
drops onto a concrete pad. This is for storage casks.

And when we use an unyiel ding surface it
-- the answer always canme up you've got to put an
inmpact limter on top of the cask. And what the
problem there is is that, nunmber one, they are
expensi ve. They are difficult to put on, and you
expose people when they're putting them on.

The other thing is that you're going
around and nonitoring the cask. You have to sone of
the times take themoff in order to get access to the
noni tori ng equi pment.

So it would be very desirable to take
these inpact limters off or not require them And so

the thought was that the concrete can, of course,
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absorb energy and coul d maybe elim nate the need for
an inpact limter. So that was the thing that got
this testing going.

Now, we decided to use a 1/3 scal e node
for the storage cask. It was just a steel billet. It
was very cheap. And we used a reinformed concrete
pad, neaning we had concrete with rebar init. And
all of this was 1/3 scale. The actual rocks and sand,
and so forth, is all 1/3 scale in order to try to get
a valid test.

The next thing we did is very precision,
wel |l calibrated accel eroneters. And then the nost
inmportant thing is we devel oped a nethodol ogy for
determining the cutoff frequency. There had been
problens in, where do you cut it off at?

If you cut it off too high you get too
hi gh of G forces. That is, you are not really putting
t hat much energy into the cask system You cut it off
toolow, well, thenyou're actually having deformati on
or energy being deposited into the cask, and you're
coming up with too | ow of decel erati ons.

This is veryinportant with respect tothe
spent fuel basket, because these forces, as it goesto
t he spent fuel basket, and the spent fuel basket is

the nost fragile part of the whol e design, because it
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has heavy spent fuel init, and they try to nmake the
basket as light as possible. And so it coul d buckle
or bend, and also the fuel can be affected itself.

And so it was very inportant that we know
t he exact G forces that are being transl ated not only
into the cask but to the spent fuel basket and to the
fuel. And so we developed a nethodology for
determ ning the cutoff frequency by |ooking at the
di fferent nodes. We also worked with our weapons
people on this to make sure that we were up to speed
with them and they were going through the sane sort
of thing, how do you have these things correl ate?

And we then did a conputational analysis
to benchmark the Dyna 3D code. W got good to
excel | ent agreenent, as denonstrated between t he scal e
nodel testing and the conmputational analysis, and 1"
show you a little bit nore on that.

MEMBER GARRI CK: Larry, can you conmment
briefly on that? Wat were sonme of the nost critica
requi renent s of the conputational anal ysis for getting
t hat good agreenent?

MR. FISCHER: Okay. That's going to be
t he next slide.

Anyway, when we got done and we had this

benchmark, we then | ooked at a full-size cask. |t was
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a very typical cask. And we did a tipover w thout an
inmpact limter onit, and it passed the test. And, of
course, we could cone up with exanples where it was a
tall, skinny cask. It wouldn't make it. It would
have to put an inpact limter on it.

But nost casks they di d not need an i npact
l[imter, and so it could tip over onto concrete and
t he basket could take the forces.

Okay. Next slide.

This is where we show -- okay. Wat we
di scovered -- in this case we did a Foray anal ysis,
and we also did the -- perforned it on the data, too.

And this was after we did a considerabl e anount of
anal ysi s on determ ning the response of the cask, and
what frequency woul d be best to cut it off and capture
anything that could deposit a significant amount of
energy versus just ringing, because the ringing does
not do any danmage to the cask

And so we determned 450 Hertz was the
correct one for the billet, and these are the results
for the four different tests that we are -- our two
tests and two accel eroneters. This is what we
cal cul at ed.

But notice we also filtered at 450. So

when you do your analysis, you know, you can get
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ringing inside your analysis, so you have to use the
same Foray technique to cut that off and snmooth it
out, so that you're not getting a bunch of ringing
goi ng on.

And so this was the big thing that we
devel oped in this particul ar test sequence and coul d
justify why the 450 in both of these. And that was
done for all of these, and we had anywhere from1l to
15 percent agreenent.

CHAI RVAN  HORNBERGER: Presumably, you
coul d go back to your previous data and anal yses and
do the same thing and inprove your agreenent on the
acceleration. |Is that true?

MR. FI SCHER: Yes, we probably could

Yes.

Okay. Next slide.

| just wanted to show you what it -- this
is -- again, this is the tipover. This was very

cruci al, because that's what we were trying to do is
get that inpact limter off.

Next sl i de.

Okay. Here is the actual billet tipover
test that we have here on the pad. And we just let it
sl ap down and t ook the measurenments, and then thisis

the finite el enent nodel. W included all of the
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soil, concrete pad, and the billet for doing all of
the analysis. And, again, that was done on an SG
station.

MEMBER GARRI CK:  How di d you deci de on t he
mesh size?

MR. FI SCHER: Actually, we did several
different trial and error, to see when there woul d be
a difference. Wen you saw that you didn't have any
di ff erence bet ween t he previ ous one, then you probably
-- then you know that you' ve got enough el enents.

First of all, it's an experienced anal yst
who is putting this together, who has done sinmlar
type things. But what we do is we also put in |arger
bl ocks and snaller elenents, and so forth, and then
ook at the results. Did the results change
significantly or not? If it does not change
significantly, then you can nost likely go with that
nunber of el enents.

MEMBER GARRI CK:  So nesh size has got to
be very critical to the --

MR, FI SCHER.  Yes, absolutely.

MEMBER GARRI CK: -- tothe ability to have
t he conputational analysis agree with the test.

MR FI SCHER:  Yes.

MEMBER GARRI CK: And do you have any
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specific criteria, other than trial and error, for
determ ni ng that?

MR. FI SCHER: Get a good anal yst.

(Laughter.)

If you get a good analyst, they can
usually get it right there to begin wth. But we
al ways do perturbations in order to see if we've got
too big a nmesh size, too small a nmesh size. Usually
we worry about too big of a nmesh size.

MEMBER GARRI CK:  Yes. Yes.

MR. FI SCHER  Ckay? Yes?

MEMBER RYAN: Just a followup. | mean,
t here' s sone cal cul ati onal questi ons about conver gence
or | ack of convergence when you do that. 1Is that the
ki nd of approach that you take? | nmean, nunerically,
things mght blow up with |arge nmesh sizes, for
exanple. Is that --

MR, FI SCHER: It's not a convergence
thing. It's, do you see a difference in the answer?
Li ke the G forces or any ki nd of deformati on occurring
or di spl acenent of, say, the concrete pad. Those are
the sort of things that are inportant.

Al so, you want to nake this |arge enough
so that you have t he ri ght boundary conditions for any

wave formations, to make sure that you have the right
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boundary conditions. But, again, this is why we want
to have a good anal yst that sets the probl em up.

But we also go through what we call a
design review type of thing. W bring in our people
and critique it and say, "Well, did you do this? O
when you did this, what happened?” And so forth. So
it's kind of like a mni design review on these
conmplicated nodels. It usually involves three, nmaybe
five, analysts.

And like | said, the extra check is we do
bring our weapons people into take alook at it, too,
to make sure we're using the code properly.

Any ot her questions?

Okay. Next slide.

This is not a cask.

(Laughter.)

| want to show you what we can do.
Actually, we could go back and try to do this with
some of the cask things now that we have these
capabilities, and a |ot of things have been cl eaned
up. But this is a -- oh, they already started it.

This is aseismc anal ysis of Morrow Poi nt
Dam One of our young anal ysts, Charles Noble, or
Chad, is the one who did this. It's in -- southwest

of Denver, about 250 nmles southwest. And we're
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| ooking at a 6-1/2 to 7.0 magni tude earthquake, and
nost of the people in Colorado woul d say, "Wait. That
can't happen. W never knew." And they said, "Well,
these will probably return ever thousand years." So
you haven't been around for 1,000 years, so you can't
say it woul d never happen.

VWhat is interesting wth this dam
construction is it is a segnmented dam It's col umms
that were poured, and then they put what they cal
i nterlocking pins. It's actually kind of Iike
corrugated steel interlocked together.

And the reason why it's built that way is
f or expansi on and contraction, because it has to have
it for the sumrertime and the wintertine. And then on
t he back side they put a rubber sealer, a very tough
rubber sealer, so it can expand and contract and not
| eak the water through.

And so the other thingisis that this one
is alittle nore exciting than the final one. They
put the earthquake ground notion right in the bottom
of the damrather than to the ground. And so what's
happening is the top noves nuch nore than it should
be, but it nakes it alittle nore exciting to see the
capabilities of these types of tools, of the friction

in between, and be able to get the slide |lines and
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t hi ngs to nove.

And as you can see, we did nesh t he water,
so you can see the water sl oshes.

CHAl RVAN HORNBERGER: Pl ay it again.

MR. FI SCHER: Yes, |'mgoing to have him
play it again. Just let ne finish the explanation
just a little bit nore. | want to make sure you
under st and what's goi ng on.

| live in Los Gatos, and we had the --
Loma Prinmetta, yes, there we go -- thank you. It's
only 10 mles fromny house. W used to go up there
and buy our Christmas trees, chop them down.

Anyway, it was a 7.1, and | was,
unfortunately, here in Washington, and had a tough
time getting hold of my wife. And everyone keeps
show ng what happened i n San Franci sco, and | wonder ed
what happened in Los Gatos, not in San Francisco.

Well, anyway, | finally got home. The
very next norning | got on a plane. And she was
worried about all of this water all over the place.
Vel |, what happened, about three to four feet of water
junmped out of our pool and went all over the place.
So slosh is extremely inportant, and a | ot of people
said, "Why don't you do a nesh on the water?" | said,

"It's simple. It's called slosh.”
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So anyway, go ahead and play it again, so
you can see sonme sloshing here and reaction of the
dam

Now, this is anplified 50 tines; 50 tinmes
it's anplified -- the displacenent. So it's really
not this bad. So you can see sone opening up and
sliding between the col ums.

Again, thereis arubber seal on the back,
so the water is not com ng through.

Do it one nore tinme.

(Laughter.)

But this is what you can do. They can do
this wth cask sinulations. W can run one
simul ati on, another sinulation. Sonmebody el se wants
water -- wants a |l owsi de drop, they want a si de drop,
we want it to go tunbling down, and whatever, we now
have that capability to show this to the public and
say, "This is the way it reacts.”

Now, we can also zero in where are the
hi gh stress points, where are the places of concern.
You can zoom in and | ook at those areas. You can
al ways do the graphics, just print themout in place.
You can even, if you want to, print out your data
sheets for that region, and your conputer sheets, so

you have single point data.
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But the sinulation, this was very
important to the weapons program in order to see
what's going on. There is tons of data going on, and
i f you don't have a sinul ati on you don't know where to
| ook to see where the potential problens are.

Sothisis agreat newtechnol ogy t hat has
cone about, and it can be done on small clusters of
deck machi nes, Dell machi nes, or whatever. You don't
have to get into our TeraFl op machines for this type
of thing.

Okay. | kind of want to summari ze what
|"ve been tal king about now. And we have -- as |
said, today's analytical capabilities allow nore
conpr ehensi ve anal ysi s of shi ppi ng packages. We still
want to do our benchmarking, believe ne. But now we
can enphasi ze, where do we want those benchmarks to
be?

We want to understand the package design
margin. W want to quantify it, not just say, "Well,
it stayed together. |It's okay. W don't know how
close it is to failure, how safe is safe.” Well, if
you don't | ook at the design margin after you' ve done
t hese tests, you're begging the question, especially
with respect to the public.

So there are things we al so can do. The
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publ i c keeps bringing up, what about netal bending,
machi ni ng, wel ding, |ead depleted urani um pouring,
anneal ing? \Wat about all of these manufacturing
processes? W can do those now. Those nodels are
bei ng devel oped. They are going to be nmade avail abl e
to everyone.

And these are very inportant, not only in
the weapons program but also in the autonotive
i ndustry and other places, too. W can do detailed
anal ysis of bolted closures requiring |arge conpl ex
conputer nodels. In fact, we can do tests just on the
full scale bolt closures, rather than a whol e cask.
We can devise those type of tests, and then do your
benchmar k, and then your conputer nodeling, and | ook
at the closure. How does it act with the side drop
and the end drop or |ow, shallow drop?

We found wi th sone of the drumpackages we
had about a 15-degree shallowdrop, and it woul d take
the lid off. Whereas when it was a CG over center
drop, the 1lid stayed on. So by doing these
simul ati ons, you can determ ne where the weak points
are. \Wat do you need to do to inprove it and put
nore safety in it and put the safety in the right
spot ?

O course, using the contenporary high
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speeds we can use a | ot of these nulti-physics types
of stuff that's unique to both our |abs to be able to
do this sort of thing. O course, we have extra good
physi cs nodel s and t hat sort of thing to study things.
But eventual ly you're going to have to put this out to
t he applicants.

And so once we've gone through all of
this, we have to conme up with a nethodol ogy that we
hand over to the applicants, |ike what we did for the
ti pover accidents for the storage casks. W w ote out
t he nmet hodol ogi es. They could runit ontheir smaller
machi nes, and t hey coul d conme up wi t h bel i evabl e, good
resul ts.

And that's what we're going to have to do
istransfer that technol ogy over to the applicants and
al so that -- even nmenbers of the public. If they want
to do sonme of the stuff, they can do it, too.

MEMBER GARRI CK: | can't help but ask
this. One of the issues in the Yucca Mountain cask is
the heat treatnent of the welds for the lids on the
i nner and outer waste package. And the concern there
is, of course, that that's the weak link as far as the
possibility of stress corrosion, cracks, and --

MR. FI SCHER  Ri ght.

MEMBER GARRI CK: -- creating a pathway
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into the fuel. Is this tool something that could
better quantify the realismof that as a pat hway?

MR. Fl SCHER: Can you believe they're
doi ng that today?

MEMBER GARRI CK:  Well, | hope so.

MR FISCHER: They're doing it.

MEMBER GARRI CK:  Ckay.

MR. FI SCHER. That's exactly why | can say
t hese things --

MEMBER GARRI CK:  Ckay.

MR FISCHER -- for us, because that's
act ual .

MEMBER GARRI CK:  Very good. Thank you.

MR. FI SCHER: (Okay. Recommendations or
conclusions. | don't know which one to call these,

but anyway based on ny experience and t he t hi ngs we' ve
done there -- out at their lab, we'd say let's go
ahead and performsone kind of drop and thermal tests
on typical transportation casks. And let's just use
a hypot heti cal accident conditions, at | east nesh the
-- maybe they want to do nore, but | think you can
| earn enough about the systens with that.

And t hey use state-of-the-art
instrunmentation to record the cask response,

especially in the closure and weld regions. And
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obviously, we determned the cutoff frequencies
properly, and so forth.
Benchmark at | east one finite el ement code

against the test for recordings. Use at least 1/3

scal e nodel. O herw se, you |l ose too nmuch detail, but
you don't have to use a full scale cask, | don't
bel i eve.

You do performdrop and thermal tests and
simulation for full-size casks in all different
orientations, and so forth. You can also do that for
the scale nodel test, and use a hi gh-speed conputer
system s physics codes for getting the basic things
done and a better understanding. And once you feel
confortable with | ooking at all of those vari abl es,
t hen you provide the methodol ogy and data such that
t he applicants can benchmark their own finite el enent
codes and perform analysis for their own casks.

And, of course, we woul d make al |l of these
sinmul ations available to the public, and let them
deci de what they want. And if they say, "W want
anot her sinmulation,"” okay, well, tell us what new
simulation youwant. Andit's alowcost, easy way to
doit. You don't have to go out and run anot her test.
And that's the basis of our stockpile stewardship

program
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Any questions?

MEMBER LEVENSON: Thank you, Larry.

MEMBER RYAN: No, thank you.

MEMBER LEVENSON:. John?

MEMBER GARRI CK:  Just a couple of sinple
ones. You nentioned early in your presentation the
nucl ear weapons transportation experience. How nuch
of that experience is now declassified? That is to
say, one of the nost convincing pi eces of evidence as
to the safety of the shipnment of nuclear materials is
experi ence.

And, of course, we know about the NRC
experience. W know about the DOE experience on non-
weapons material. |s the weapons experience data not
available now, just in terns of the nunber of
shipnents and the incidence associated with those
shi pments, etcetera?

MR Fl SCHER: | can at |east nake the
request. | would think that we could present it such
that it wouldn't be classified.

MEMBER GARRI CK:  Yes.

MR, FISCHER. But | would have to -- you
know, we have to go through the usual scrub and --

MEMBER GARRI CK: Wl |, | woul d think that

woul d be an inportant --
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MR FI SCHER: Ckay.

MEMBER GARRI CK: -- piece of data.

A second question is: in the original
protocols for the package performance study, there
were sone tests having to do with the fuel elenents
t hensel ves, to better understand the disposition of
the fuel in terns of the damage, and, therefore, to
get a better handl e on the source termshoul d t he cask
actually fail.

| s what you have been doi ng here sonet hi ng
that could simulate the conditions inside the waste
package as well as the conditions having to do with
def ormati on and penetrati on of the waste package?

MR. Fl SCHER: Today | say that that's
possi ble. R ght now, we're doing all the nano-type
scaling with reactor vessels with enbrittlenent. And
we're getting pretty good results with Bob Oddet out
of University of California.

MEMBER GARRI CK:  Yes. The specific issue
is, what's the condition of the fuel under these
severe conditions, such that if we have a puncture we
coul d make an intelligent anal ysis of what t he rel ease
conditions would be. That's --

MR. FISCHER: Yes. | think that we can

nodel the cladding of the fuel and its shape and the
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extent of, say, corrosion, pinholes, or whatever. W
now have that capability. Already people are doingit
in other fields that could help us out.

MEMBER GARRI CK:  Okay. Thank you.

MEMBER LEVENSON: Ray?

VI CE- CHAl RVAN WYMER: Yes. | have a
foll ow-up on one of your answers to John's questi on,
whi ch goes out of what you've presented here today.
But he asked what you were doing with respect to
stress corrosi on cracki ng, wel ds and wel ded areas, and
you said, "Wuld you believe that's goi ng on today?"
Do you actual |y mean t hat you' re nodel i ng corrosi on or
you're just nodeling the stresses near the wel ds?

MR. FISCHER: W're actually going into
t he physi cs and chem stry of stress corrosion cracking
at the nano | evel.

VI CE- CHAl RVAN WMER:  So you' re nodel i ng
t he corrosion?

MR. FI SCHER: Yes. W' re working with Bob
Oddet -- arevieww th those folks. There's a whole
field out there. Maybe |I could send you a magazi ne
article, so that you know what's going on.

VI CE- CHAIl RMVAN  WYMER: Yes, sonething

si npl e.
MR FI SCHER: Ch, no, no, no, no. No, no.
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(Laughter.)

This is definitely for the lay person
No, it doesn't -- it just tells you what's going on.
| coul d nake that avail abl e to the panel or the board.

VI CE- CHAl RVAN  WYMER: It seens to be
pretty tricky, because the stresses are a functi on of
di stance fromthe wel d, and you' ve got to take all of
that into account. 1'd be interested to see what you
-- 1'd like you to describe what you do there.

MR FISCHER: Ckay. Well, it's down to
t he nano | evel right now where a | ot of these -- show
that one slide that was near the beginning, where |
showed you the -- the first slide after | did the
introduction. That was a nano |evel type thing of
material s, and you can see how it's not honobgenous,
and that there are a lot of things that are goi ng on.

VI CE- CHAl RVAN WMER:  Yes. But it really
woul d have to include sone experinental results on
vari ous kinds of stress material as i nput to the code,
doesn't it? O --

MR. FI SCHER: Vell, we include the
stresses onit, yes, and the environnent -- the stress
to the environnent and the material --

VI CE- CHAl RMVAN WMER:  But then you need

experinmental corrosion results in those stressed
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environnents. That's pretty tricky stuff.

MR. FI SCHER: Yes. Wll, we have a very
| arge programwi th Yucca Mountai n on stress corrosion
cracki ng under different conditions. And that's what
we're doing now, we're starting to correlate our
nodel s with that data.

VI CE- CHAl RMMN WYVER:  Di ff erent degr ees of
stress. Ckay.

MR. FI SCHER Yes. Yes. Yes, definitely.
Different degrees of stress, environnment, and
chem stry, and so forth. Yes.

CHAl RVAN HORNBERGER: If the article is
for a lay person, you can send it to nme, and then you
can send Ray the real chem stry.

(Laughter.)

First of all, | just have a comment. |
must say that your presentation to nme -- very
i mpressi ve conputational results. And it does strike
me that if -- if we can nove forward and do a full
conput ati on of a t hernonucl ear expl osi on, it does seem
to me that we should be able to figure out what
happens if a cask tips over. So order --

MR. FI SCHER. Three orders of nmagnitude
| ess?

(Laughter.)
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CHAI RVAN HORNBERGER: My one question --

in sone sense it would be argunentative, but that's
okay.

MR FI SCHER:  Yes.

CHAI RVAN HORNBERGER: Wbul d it be safe for
me to infer from your whole presentation that the
purpose for a test on a full scale cask is sinply
denmonstrati on and not necessarily technical? That is,
can | infer that if you do 1/3 scale testing, and
benchmar k your codes, you're goingto be ableto learn
everything you need to know about safety?

MR FISCHER  Yes, | believe that. The
reason being is that all that you can do with a full
scal e cask test, unless you do the same thing you do
withthe 1/3 -- | nean, the full conputational, and so
forth, you re only showing it for that one cask. And
there's nore than one cask that's going to be there.

And you have to be fair to everybody.
Everyone shoul d have an equal chance for their cask
designto be certified and be abl e to denonstrate t hat
it can neet the overall intent of the regul ati ons and
not incur any undue risk to the public.

MEMBER LEVENSON: | have on question
related to the fuel. There is obviously a |ot of

conjecture, if you're goingto do fuel testing, what's

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

131

the right test to do. \What are appropriate |oads,
etcetera? Fromthe anal ysis you' ve done, or for what
can be done, it would be relatively easy for you
peopl e toidentify what are the appropri ate | oads t hat
the fuel itself would actually be subjected to inside
casks undergoi ng ot her kinds of tests.

MR. Fl SCHER: Yes, that can be done
Through sinul ati on you determ ne what the | oads are,
and t hen det er mi ne what happens to the fuel rod, given
t he condition of the fuel rod.

MEMBER LEVENSON: But that has not been
done yet.

MR. FI SCHER: No. But | think nowyou can
doit, that we're in a state where we can start doi ng
that sort of thing. And | don't think you have to
take a real spent fuel rod out and drop it --

(Laughter.)

-- inside of a cask.

MEMBER RYAN: One question fromseveral of
t he comments you' ve made and several points in your
presentation, but, first, | agree with George. It's
pretty inpressive conputing technol ogy.

For exanpl e, when you pi cked 450 Hertz as
the cutoff --

MR FI SCHER: Right.
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MEMBER RYAN: -- you know, | think about

sensitivity analysis and uncertainty analysis and
stability of the answer at a given end point. Could
you talk a little bit about how you address that?
Because froma perfornmance confirnmation point of view,
sonetimes those are the real key issues of
uncertainty, stability of a nodel, and paraneter
sel ecti on.

MR. FISCHER: First of all, we had four
experts working on that. It was not just one person.
W had Jerry Mock, who had the lead on it, and he
det er mi ned by human hand anal ysi s what t he best cut of f
frequency was, and then we had weapons peopl e cone in
onit. And then we had T.F. Chen, who is the primary
anal yst for doing all of those anal yses. And we al so
brought in people from a diagnostics lab to help
determ ne that.

Once it was done, we have a net hodol ogy.
Soit's not Iike we -- you have to cone to these guys
every time you want sonet hi ng done.

Now, I'll have to point out, they use the
same net hodol ogy for the cutoff frequency on a full-
si ze cask, which was nuch |ower because it's nuch
larger. So we did not use 450 cutoff for the full-

size cask, because that would be ringing, and so
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forth.

So t he net hodol ogy goes to t he si ze of the
cask, the shape of the cask, and etcetera. It's cask-
specific, and the nethodology can be applied to
what ever you have.

MEMBER RYAN:. Sure. No, | appreciate the
fact that you have, you know, true experts that can
select that value. Wat |'mnore interestedinis the
guestion of: does a particular calculation at
what ever val ue you pi ck have stability? Andis it --
you know, what -- how do you assign or assess
uncertainty?

In other words, if | changed it from 450
to 440, or 425, how nuch does t he answer change? How
much does ny ability to predict change? And how do
you assess that? You haven't really talked formally
about uncertainty anal ysis, but I'mcurious of howyou
-- how well you know your answer.

| know you're comparing experinent to
cal cul ati on, but then when you go strictly to just
cal cul ati on, how do you express confi dence?

MR. FI SCHER Okay. Let's, first of all,
back up. There is not a stability problem The code
calcul ates the stable -- the tests are done, and the

accel eronmeters are stable. What the problem is,
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you' ve got all of these -- | should have probably

brought an exanpl e here. You have all of these spi kes

going up and down, and you wonder, is that doing
anything to the cask? WII| it danage the contents,
especially will that be transmtted down to the

basket, down into the fuel?

So you want tofilter it, or else you wl|
cone up with false results, but it's not going to
damage anyt hi ng.

On the other hand, if you filter it too
much, then sonme |loading will go into the fuel. Sone
| oading will go into the basket that coul d damage it.
And so that cutoff frequency has to be determ ned very
precisely. And in that particular case, it was
probably about 400 to 500, didn't make too nuch
difference. But if you start saying, well, it's 200,
then it's way too low. And if you say it's 700, it's
way too high

So there, obviously, is going to be sone
j udgment involved. But like |l said, there are ways of
deconposi ng this and saying, "This is the anal yti cal
cutoff frequency,"” and it should be also for the
actual test.

That's been part of the problemw th al

our accel erometer data. Where do you cut it off at?
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And the answer can vary quite a bit, depending on
where you cut it off.

CHAI RVAN HORNBERGER: But the point is --
| think you answered it -- is that it doesn't depend
critically on an exact val ue of 450.

MR FI SCHER:  No.

CHAI RVAN HORNBERCER: It coul d be 425. It
coul d be 475.

MR FI SCHER: Yes. Yes.

CHAI RVAN HORNBERGER:  And presunabl y, you
can't get a conpl ete square-away filter anyway, and so
you have sone --

MR. FI SCHER  Ri ght.

CHAI RVAN HORNBERGER: - - | eakage.

MR,  Fl SCHER: Ri ght, right. Exactly.
You' ve got to accept some uncertainty. Yes. But it's
-- but you can get it in the right range, where you
feel very confident that it's not 700 and it's not
200.

kay? Does that take care of your
guesti on?

MEMBER RYAN: I n part. | appreciate that.
| only want to focus on this frequency question, but
I"m questioning and just need a little nore

i nformati on about your general uncertainty analysis.
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Typi cal ly, when you nodel sonething, you
have a set of paraneters, sone neasured, sonetines
sonme estimated. And in any systemnodel, if you vary
t hose paraneters you will get a different result
per haps, perhaps not. And that whol e assessnment of --
| don't mean stability in the sense of mechani cal
stability. | mean stability of the cal cul ation that,
you know, if | vary paraneters |I'mgoing to get sone
reasonabl e range of answers. Do you do that kind of
nunerical assessnment of --

MR, FISCHER Ch, yes. That's --

MEMBER RYAN:. -- and how t hey work?

MR.  Fl SCHER: Yes, that's what's good
about this, that you now have good physical nodels
t hat you understand and can use. So you can do your
sensitivity analysis -- given that you don't knowthe
exact answer or the exact conditions, you can now do
the sensitivity analysis to see what has happened.

Has it changed the whole answer, |ike
before you said it doesn't fail, and then we change
two or three paraneters or conditions, and all of a
sudden we see failure? Yes, those sort of things can
be seen.

MEMBER RYAN: | nmean, you haven't reported

on that kind of sensitivity analysis today. But, |
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nmean, that's sonething you routinely do?

MR. FISCHER  Yes. Yes. Well, we did
that in all of these tests, actually. Mybe |I shoul d
have enphasi zed it nore.

MEMBER RYAN:. Thanks. That answered ny
guesti on.

MEMBER LEVENSON:  Any questions fromthe
ACNW staff? Any of the other presenters have any
guestions or comrents?

MR YAKSH: | have a comment.

MEMBER LEVENSON:  Yes.

MR YAKSH: M ke Yaksh, NACI nternational .

MEMBER LEVENSON:  Pull your m ke down.

MR. YAKSH. Ch, sorry. M ke Yaksh, NAC
| nt ernati onal .

Wthrespect tothe basket, basketsreally

are very fragile. They nay be a little bit weaker

than the thick outer shell, the inner shell, and the
nine-inch lids, but | don't really think they're
fragile.

MR. FI SCHER Okay. |'msorry. Fragile,

like 70-G capability versus a few hundred G s.
MR YAKSH: You didn't --
MR. FISCHER: In fact, that's the reason

why we went through all of that. W felt that the
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baskets could take it --

MR YAKSH Right.

MR. FISCHER -- and that's why we did go
tothe tipover, saying, yes, they are very robust. On
t he ot her hand, you'll always ask the question, can a
basket take 200 Gs? 1In a lot of cases, they can't.

MR. YAKSH. Some people interpret fragile
as like being areal liability, extrenely weak, and |
don't think they are very --

MR. FISCHER | apologize. | used the
wrong termn nol ogy.

MR. YAKSH: Thank you very much.

VR. FI SCHER: I used the wong
t er mi nol ogy.

MR. YAKSH: The ot her comment | have is on
the tipover test, over the steel billet. Can't
enphasi ze howi nportant that test was to oursel ves and
t he other vendors here.

There is a particular beauty about that.
Steel is a very conplex material, and what they did
was t hey used an el astic nodul us. And that prevented
people from having to go out and perform very
expensive soil testing and really provide no
addi tional assurance that the calculations were

accurate or nore assurance that there were baskets
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that were nuch nore robust or the design was nore
robust .

And he is correct about the bounding
condi tions. These -- what he showed there was a
bl ock, and what you don't realize is a lot of timnes
peopl e apply certain bounding conditions, and it may
or may not be correct. And one of the things that the
NRC reviewed is to question, why did you use this
boundi ng condition? What affect does it have? And
you have to justify that bounding condition.

So the report that they did was a very
i mportant step for all the vendors in being able to
justify and defend that their designs are adequate.

Thank you.

MR FI SCHER: Thank you.

MR. YAKSH: You're wel cone.

MR FISCHER [I'mglad it hel ped you.

MEMBER LEVENSON: Any questions or
comments from anyone in the audience? Cone to a

m crophone and identify yourself.

MR. REZNI KOFF: My name is Martin
Rezni koff. | always --

MR FlI SCHER: Hey.

MR. REZNI KOFF: Hi, Larry.

MR. FISCHER It's been a while. Onh, ny
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goodness.

MR. REZNI KOFF: | al ways appreci ate your
honesty. | wanted to find out a little about the
cl addi ng and whet her you've actually taken cl addi ng
that's beenirradiated to the kind of | evels that fuel
isgoingtobeirradiated to, say 45, 000 negawatt days
per metric ton, and actually tested that cl addi ng for
vari ous physical properties.

MR. FISCHER Yes. | did that when | was
at GE. W didit out at Vallecito. W irradiated the
cladding up to the levels that it would be exposed in
t he reactor, and then we went forth and did bin tests
on them and a hardness test, and so forth. W did
quite a nunmber of tests, and it is in the |F300
safety --

MR. REZNIKCFF: Is it witten up in sone
paper that you --

MR Fl SCHER: It's in the 1F300 safety
anal ysis report.

MR. REZNI KOFF:  Ckay.

MR. FI SCHER: Yes, it was very extensive.

MR. REZNI KOFF: And | have a question for
Sandia, if | could do that. | was involved on the
Advi sory Panel of the TRUE study that was done in

1980, transportation of radionuclides through urban
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envi ronnents.

And | was wondering whether Sandia is
going to do the sane thi ng, have an Advi sory Panel for
t hese actual physical tests. I think that would
i nprove the public confidence in these tests, if the
public can have a hand in the design of the tests.

MR BRACH |I'mBill Brach fromNRC. |
mentioned to Doug -- let me perhaps answer that or

respond to it. The Package Performance Study Test |

tried to briefly describe before has a -- what we've
cal l ed an enhanced -- but let's not focus on the word
"enhanced. "

It has a public participatory process t hat
began with the very outset of the study. Mving into
t he next phase, which will be our providing to the
menbers of the public and stakehol ders the draft test
pl an for public review conment, feedback to us, asto
t he test plan, what we're testing, why we're pl anni ng,
what considerations, what nmaterials, what type of
tests, extrenes for the test, etcetera, should be
considered. That's the process we will be nmoving to
in the next few nonths.

Foll owi ng that, part of the process as
well will be actually, then, conduct of the test. OQur

pl ans are to have the actual conduct of the test, to
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the extent we can, also have public, if you wll
participation fromthe standpoint of observation --
better phraseol ogy.

Fol l owi ng that, the test results that are
obt ai ned, we're planning to nake the test results part
of the public process, so that the outcone of the
test, what the test results are, will be avail able.
Qur analysis of those test results would as well be
made avail able. And then, | eading fromthe anal ysis,
what t he recommendati ons, concl usi ons, findings are we
have -- woul d be part of -- would be shared with and
open to the public.

So fromt hat perspective, thereis not per
se a public advisory commttee or council that we're
pl anning or formng. But we've had very nmuch of an
open, public, involved, and engaged process fromthe
very outset of the study, where we were asking the
basi ¢ fundanental question -- if we carry out this
test, what type of test and type of paraneters and
conditions should be considered to all aspects of
conduct ?

MR. REZNI KOFF: | think that's good -- not
as good as an advisory panel, because it's rather
di scontinuous. You do things, and then you say, "Are

we doing it okay?" And then you ask for other input.
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And the advisory panel that |1've been famliar with
had a nore continuous role and a greater interplay,
you know, w th Sandi a.

MR. BRACH:. Well, let nme take that as a
coment or recommendation and for consideration.

Thank you.

MEMBER LEVENSON: | want to poi nt out that
M. Reznikoff was correct in not Ilimting his
guestions to the | ast paper. This is public coment.
Anybody can ask questions or conments on any of the
presentations this norning.

Before | turn to the audi ence, again, as
was introduced in this last discussion, the urban
study, the TRUE study, was not nentioned by anybody
this norning. And, | don't know, Bill, are youin a
position to give a two-m nute sunmary? Because is it
or is it not something relatively inportant? Should
it be part of this workshop record?

MR. BRACH: | have to explain ny | ack of
full know edge of the study. | apol ogi ze. | f
appropriate, maybe |I could check with staff and cone
back later during the conduct of the workshop, if
that's appropriate.

MEMBER LEVENSON:  Any ot her questions?

M5. CGHEE: Thank you, M. Chairman,
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menbers of the commttee. | amLisa Giee with Public
Ctizen.

And | wanted to nmake three genera
comments, first of all, related to the presentati on,

yet again, of the Sandia videos fromthe full scale
tests in the '70s. And | just wanted to | think
clarify for you an el enent of the public concern here
that | think hasn't been fully acknow edged, and j ust
draw an anal ogy per haps.

If, for exanple, a menber of the auto
i ndustry were to present a new car design for
certification based only on anal yti cal nodel s of crash
testing confirned through physical tests done on
obsolete nodels three decades ago, that would
certainly not neet with regul atory approval, much | ess
be worthy of public confidence.

And | think it is critical to have those
tests from the '70s updated through the planned
package performance study, but | hope that the NRC
will make it clear inits presentation of the PPS al so
of its limtations, that this is not a change in the
regul atory requirenents that would -- this is not a
requi rement for physical testing of the casks that the
NRC certifies. Rather, it's a one-time confirmatory

test still taking into account the boundaries of the
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test paraneters, of course.

And | guess that brings me to ny second
point, whichis that if we aretobelimtedto a one-
time confirmatory test, we woul d be very happy if this
conm ttee woul d recommend that the PPS consider test
to destruction, because, you know, just taking for
exanple, the fire test that 1've heard -- the
contenpl ated paraneters of the fire test, a 90-m nute
fire at the regulatory tenperature, it's three tines
| onger than the regulatory requirements, but stil
much | ower than actual -- some actual fires that do
occur inthe transit of materials that are already on
t he roads.

And | don't want this conmment to be
di sm ssed, as often it is, as a situation that's
hi ghl y i nprobabl e, because all of these -- as a nenber
of the public, the issue of -- or the weighting of
these risks by | ow probabilities becones irrel evant,
because we all knowthat unlikely acci dents do happen
on the roads and rails.

And at the noment when that wunlikely
acci dent happens and results in a catastrophe in ny
nei ghbor hood, it's not very confortingto knowthat it
was unlikely. And | think that given the |arge

unprecedented scale of transportation that's being
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contenplated to Yucca Muntain, the test to
destruction are, nore than ever, necessary.

Finally, there has been a Ilot of
di scussi on here about the need for extra regul atory
tests to test the performance of casks beyond the
requirenents in the regulations. And there seens to
be a w despread acknow edgenment that the regul atory
paraneters drastically underestimate the accident
condi tions, again, on today's roads and rails.

And, once again, we woul d be very happy if
this commttee woul d go beyond acknow edging this in
the context of one-tinme extra regulatory tests, and
recoomend a rulemaking to wupdate the routine
requirements for cask certification to nore
realistically take into account the accident
conditions through a higher inpact requirenent of a
hotter fire, a longer fire, a nore realistic
submer sion test.

So those are ny comments for right now.
Thank you.

MR. FISCHER Do you mind if | answer?

MEMBER LEVENSON. No, go ahead.

MR. FlI SCHER: Ckay. | think you're
presenting sone good argunments and sone good

qguestions. Certainly, we would want to run sonme tests
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on sone -- today's cask

The other thing is is that if a cask has
a unique feature different from the one that's
actually tested, | think it behooves the applicant to
go out and run sone tests on that, like a different
inmpact limter or sonmething that is significantly
different or innovative. But he doesn't have to do
t he whol e test, the whol e thing.

So if there are differences -- it's kind
of I'i ke what we do -- criticality analysis. W go out
and we benchmark our criticality codes agai nst vari ous
critical experinents.

Now, if we start going into other areas
t hat do not | ook like the critical experinents that we
just ran, then we have to go out and run additional
critical experinments. And we're starting to have to
do that now, since we're |ooking at nucl ear waste,
whereas nost of the stuff was done for nore fresh
fuel, and so forth.

So just -- | want to say that we don't
just run one test, and that's it forever. But we run
the test and get the general know edge, and then, if
there is sonme deviations from that gener al
configuration, then noretests will have to be run and

nodel ed.
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The second thing is you had asked about
testing to destruction. How about if we do that
t hrough sinmul ati on? We can show different | evels of
destruction by simulation. We can show different
| evel s.

And there is at some point where it turns
out there were -- that there's not going to be any
cat astrophi c consequences. That's the study we did,
a nodal study. And that's because we used ductile
materials. So we do not expect catastrophic failures
to occur.

Thi ngs t hat are desi gned under regul ation
do -- let's say, fail gracefully. Wth the current
regul ati on, we essentially require zero rel ease, and
that's very sinple to measure. Zero, inthis case, is
easy to measure.

Then, you say, "Ckay. Well, let's goto
the next |evel. What are we going to allow to
rel ease?" 10? 20? 30?7 40? W get, then, into a
judgnental thing. And | think that it's better for us
to concentrate on the fact that 99.9 percent of the
accidents all fall within zero rel ease, and t he ot her
ones that occur and go beyond naybe the regul atory
t hi ng, even those rel eases are quite small as shown by

our risk studies that have been done.
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And so to say we -- | think you' d have a
very difficult tinme in testing the package to

destruction, whatever that nmeans. That's ny comment.

M5. GUE: Well, | think, graceful or not
graceful, information about the failure points of
t hese -- of these canisters is going to be critically
i mportant for -- obviously, for public safety, not to

mention public confidence.

And | think the point that | was making
was that it's one thing to say, you know, you're safe
if it"'s only a 30-mnute fire. O if you can expand
that to say you're safe if it's only a 90-mnute fire
-- but when we have the folks in Baltinore, for
instance, famliar with a fire that |lasted for five
days, those anal yses becone | ess useful.

And | guess when | tal k about the -- well,
| guess we have -- | can nmention the experience of
these testsinthe'70s wthregards tothe fire test.
And the information that was not portrayed in the
Sandi a vi deos was what happened after 90 m nutes of a
fire, what happenedin terns of valve failure and, you
know, the lead lining of the cask.

And those are -- | nean, a test to
destruction maybe is graceful, but at what point is

that zero rel ease regul ati on vi ol ated? What ki nds of

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

150

-- what kinds of -- what situation and how realistic
is that situation would result in that kind of
failure.

MEMBER LEVENSON: Bill?

MR. BRACH Bill Brach, NRC. A couple of
conment s.

One, Lisa, | appreciate your comngtothe
m crophone to make the comments after Dr. Rezni koff,
but, Lisa -- and your organi zation has been invol ved
in | believe just about all of our prior package
performance study neetings that | described before.

And | appreciate that what we're asking
for -- again, it will be inthe test -- in the draft
test plan asking, again, for coments. And |
recogni ze comrents conme fromthose in the industry,
come from those in governnent, cone from those who
represent public interest groups. Appreciate the
i nput .

There are a couple of other additional
comments that | did want to nake. | had nentioned
before in response to a question by Dr. Hornberger
t hat the package performance study is envisioned on
our part as a confirmatory test.

Based on all of our nodeling and anal ysi s

and scale nodel testing to date, we are fairly
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confortabl e and confident that the test standards that
are currently in the NRCs regulations, 10 CFR
Part 71, provide for an adequate | evel of safety and
protection of material in transport.

The confirmatory nature of these tests
we're looking for to provide us information wth
regard to the predictability and confirmati on of the
predictability of much of the nodeling and sinmul ation
t hat we're using.

In response to an earlier question, too,
| had noted that, clearly, our eyes are and nust be
wi de open, that based on the results of the test, what
information that tells us we will be reacting on. And
if there are a few, if you wll, surprises or
information we didn't anticipate, we have to be in a
position to respond to what that i nformation m ght be.

A coupl e of other aspects, with regard to
carrying out these extra regulatory tests, if you
will, onall transportation packages. Qur efforts in
devel oping the test plan and the whol e approach and
concept -- we are trying to devel op a concept so that
the confirmation and the informati on we | earn fromt he
tests will provide results tous that will tell us if
t he nodeling and the conputer sinulation techniques

that we're using that are broadly used, not just used
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on one indivi dual cask design but are broadly used in
alnost all of the cask designs, if that -- if those
nodel i ng conputer techni ques and sinul ations are, in
fact, confirmed through the testing. So we're | ooking
for that to give us a broader base of information, not
just information on the one transportati on package
t hat was dropped.

And the last point 1'dlike to make is --
and you brought up the reference to the Baltinore
Tunnel fire. Yes, that was a fire that lasted for a
significant period of tinmne.

There will be a paper this afternoon that
Chris Bajwa, who is a scientist in the Spent Fue
Project Ofice, will be giving on our information that
we've developed in wrking wth the Nationa
Transportation Safety Boar d, Depart nment of
Transportation, as well as the National Institute of
St andards and Technol ogy, with regard to our review
and analysis of the Baltinmore Tunnel fire.

And if you were hypot hesi zing, had there
been spent fuel -- a spent fuel package on that train,
in the tunnel, in a fire, what would have been the
consequences or outcone?

It was nentioned briefly this norning our

prelimnary information is very positive. But Chris
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will go into nuch nore detail as we, too, are | ooking
at that, because that -- not just because Baltinoreis
| ocal to where we're |ocated here, but that type of
scenari o and event to the concern, fromthe standpoi nt
of our being able to assure that the continued safe
transportation of spent fuel under different acci dent
conditions can be assured.

| appreciate your conments.

MVEMBER LEVENSON: |I'd like to add one
conmment that might be slightly relevant, and that is
the existing regul atory requirenments all pretty nuch
pre-date risk-informed or risk-based tinme. And so
presune that in the foreseeable future nost of these
will be reviewed to find out, are they still current
and are still valid, and are they underesti nates, are
t hey overestimates.

So | don't think we should | ook forward to
regul atory requi rements of 20 years ago bei ng t hose of
t he next 10 years.

Any ot her coments from the audi ence?

MR, REZNI KOFF: Just one nore

MEMBER LEVENSON: Very patient until you
start interfering with --

MR. REZNI KCOFF: | know this perhaps wl|

come up this afternoon, but you mentioned the fire,
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the Baltinore Tunnel fire, and | just wanted to make
a coment or two about that.

It's my understanding the National
Transportation Safety Board is not going to | ook at
the tenperature of the fire. They're only going to
| ook at the cause of the fire, and that's why the NRC
t ook on National Institute of Standards and Technol ogy
to actually look at the tenperature of that fire.

| would like the NRC to release that
report that N ST has prepared. | think the commttee
-- the Advisory Commttee should also |ook at that
report.

It's nmy understandi ng that N ST produced
areport that the NRCwas critical of, and the NRC, in
turn, hired anot her organi zati on -- Sout hwest Research
Institute -- to do anot her study on the tenperature.
Coul d you conment on that?

MR. BRACH: Well, let me -- theresults of
our revieww || all be nade public. You are correct
in that we have engaged the National Institute of
St andar ds and Technol ogy, as well as the center down
in San Antonio, to assist us in the review

Chris Bajwa this afternoon wll be
provi di ng an overviewof the results. The study, when

it's completed, will -- when we have a response on our
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part to respond back to the Conm ssion with regard to
the results of our review, the study results will be
made public.

Right now, I'm not in a position to
di scuss the prelimnary informati on referenced. 1|'ve
referenced the NTSB, and |'ve comented, too, before
on our coordination wth NTSB. W have taken the | ead
in working with NISB and the other contractor
mentioned to be sure that we understand the
temperature profiles of the fire that occurred, as
wel |l as the duration of those profiles in the tunnel
in Baltinore.

MR,  REZNI KCOFF: We asked for the N ST
study three nonths ago under the Freedom of
Information Act, and it still hasn't been produced.

MR. BRACH | apol ogize. |I'mnot famliar
with the FOA but the reviewis currently underway,
so | -- ny initial perspective is that the study
report -- as well as, | know, our report -- is not
final and not yet publicly avail able.

MEMBER LEVENSON: Any ot her comments? |If
not, we'll adjourn for the norning. And I'd like to
start pronptly at 1:30, so as to not cut intotime for
speakers this afternoon.

(Wher eupon, at 12: 24 p. m, t he
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proceedings in the foregoing matter were

adjourned for a lunch break until 1:33

p.m)

MEMBER LEVENSON: | think we are ready to
start the afternoon session. W are going to hear
from several vendors, and their programs. And the
first one is Kris Singh.

MR. SINGH Al right, can you hear nme?
hear no negatives, so | wll proceed.

My name is Kris Singh, |I'm Holtec's
president. And | have been asked to give the first
vendor presentation.

Qur systemis called H-STAR Is there a
pointer? Al right, okay, good.

Now | got the equipnment under control
her e. Qur system is called HI -STAR A standard
package wi Il consi st of six conmponents. [I'mgoing to
gi ve you an understandi ng of the package itself.

The anal ysi s that we have done to qualify
t he package, to evaluate its characteristics, |I'm
going to be rather brief onthat. | will use the 20
precious mnutes | have, that is all that has been
given to ne, to give you an understanding of the
package, because all anal yses evol ve fromthe desi gn.

| f you don't understand the design you can't really do
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a good anal ysi s.

So 1" mgoing to give you an under st andi ng
of what we really have put together, about ten years
ago. There are several dual purpose systens avail abl e
inthe industry, they are all very good, they are al
very capable, they are all very reliable, |I'mjust
goi ng to focus on the systemthat our conpany desi gns,
because |I"'mnost famliar with it.

H - STAR is a dual purpose cask, it is
i censed for storage and transport, under two separate
dockets. The itemthat goes inside the overpack is
the nulti-purpose canister.

The mul ti-purpose canister, as the nanme
inmplies, is good for storage and transport. And in ny
opinion is the single nost significant devel opment in
dry storage in the 20th century.

The reason | say that is because when you
tal k about transport, ensuring that the fuel is
contained in a robust container outside, in addition
to the overpack, is critical to the security of the
package. And the nulti-purpose canister provides
t hat function.

The cask has two inpact limters, one at
each extremty, designed to limt the maxi num G | oad

t hat the package will sustain, if it is dropped from

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

158

a height, say, nine neters, that part 71 requires.

It requires atransport cradle, rail car,
and personnel barrier, which is strictly a non-
structural barrier, sopeople, insects, aninmals, can't
get too close to the cask.

"' mgoing to talk, principally, about the
first five conponents, personnel barrier is non-
structural, sowe won't talk about it. Let's goonto
t he next expensive piece.

We have t he docket nunbers for the storage
and transport, if you are interested in studying the
cask in detail. You see a volum nous anount of
material in those dockets.

You are |ooking at sone photographs of
actual casks, H -STARs, which are depl oyed at certain
sites, | think this particular isinlllinois. These
are actual HI -STARs you are | ooking at.

The desi gn m ssion of the cask was to, for
pur poses of this particular neeting, was to provide
what | call a virtually inpregnabl e physical barrier
to protect the MPC, that is the first perfornmance
m ssi on.

The second mission is to be able to
transport, on rail car, at tenperatures as |ow as

m nus 40 degrees fahrenheit. Now, as you know, at | ow
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temperatures material ductility decreases, therefore
t he design of the cask has to be capabl e of dealing
withbrittlefactor concerns at such | owt enper at ur es.

It shoul d be capabl e of being stored on a
pad, free standi ng, or anchored. This cask has, bel ow
the base plate, anchoring |ocations. It can be
anchored to a pad, al though its npbst common depl oynent
is free-standing.

And then the last missionis to keep the
wei ght under 125 tons. Now that is, the weight, as
you know, isdirectly relatedto shieldingcapability.
Weight is also directly related to how nmuch materi al
you have avail abl e to devel op, to build the structura
rigidity in this structure.

And t herefore weight, although it sounds
I i ke an i nnocuous nunber, provides a great chall enge
to a designer. Let's go on to the next transparency.

You are | ooki ng at a vi ewof the same cask
that you saw earlier. |I'mjust going to give you a
qui ck overview of what it contains.

This is the multi-purpose cani ster shown
in a cutaway view. Inside this is the basket. And
| " mgoing to show better views of these. This nulti-
purpose canister is a conpletely wel ded confinenent

boundary, in the lingo of the trade.
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It is, essentially, a conpletely wel ded
pressure vessel. Qutside it is your overpack. The
overpack itself consists of a |large heavy forging at
the bottom heavy forging at the top, connected by a
shell, inner shell, which is the -- what the NRC has
chri stened contai nment boundary.

And around t he contai nment boundary is a
nunber of shells, five internedi ate shells. And then
we have a neutron absorber material that we call
holtite, and that basically constitutes the cask.

Let's go on to the next transparency.
This i s the man who nade the drawi ng, it shows you how
| arge the cask is conpared to a typical man. The
cask, these are geonetric di nensions, |'mnot goingto
go into details, I"'mjust providing this in case you
need to refer back to this material, you have sone
conci se i nformation here.

Let's go on to the next transparency. Now
I'm going to show you sonme features that are
engi neered into the cask to provide ri gi dness, to deal
wi th the very ki nd of concerns that anal yst woul d have
with respect to its performance.

First itemthe cask has attached in its
transport node, you can see, that the bottomis a

conpl ete base plate, the topis a bolted closure. In
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order to, on top it also has a gasket joint.

We want to protect that joint. To protect
that joint we provide another plate that bolts onto
the top of the cask. This makes a dianetrical
rigidity to the cask, in addition to the top bolted
plate, in the transport node.

So this plate is used strictly during
transport. Let's go on to the next transparency.
Here it shows you, we have dual gasket closure, we
have the man bolts, and here is the buttress plate
bolted on to the extension of the over back forging.

Notice here, one of the speakers in the
nor ni ng poi nted out that designers now make casks so
the joints are protected. You see howthis joint is
protected. There is a bolt, there is a series of
bolts, and these bolts basically provide the
conpression | oad on the gasket, to create the seal
wor t hi ness of the joint.

Then you see, outside, thereis a forging
extension here that protects this bolt, in case of a
tip-over in an inpact blow This lip will have to
bend, and inpact the bolt, before this bolt will see
any direct inpact force.

This buttress plate is also secured to

thisliptogiveit strength soit will not, under an
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actual inpact |load, deflect. O course it is very
rigid by virtue of the geonetry, to begin with. But
it is further buttressed by the buttress plate.

Let's go on to the next. Now, here, you
will see sonmething that we were, it is a snall
i nnovation, but it is inportant when you deal wth
| arge | oads, inpulsive inpactive type of | oads.

The bolted cl osure has arecessinit. Do
you see this recess here? And the MPC is down here.
If the MPClid were to inpact, attenpts to hit the top
cover, the force will be located in the periphera
regi on of the cover, as opposed to | oadi ng the central
regi on of the cover, which is not that strong.

The idea being to make the joint nore
rugged, it has the inmpulsive effect in the type of
| oads. This here is the part for lifting the cask.

Let's go on to the next transparency.
Here we are | ooking at a section at md-height. At
m d- hei ght you have the i nner shell, this inner shel
which is two and a half inches thick. Al materials
in this cask are made out of either nickel steel
whi ch, as you know, other than asthenic stainless
steel, has the best brittle factor properties of al
materials used in the pressure vessel industry.

The enclosing shells are made up of 10
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carbon steel. Wich, again, would give you 10, so it
has good inpact fracture property. W chose nicke

steel because nickel steel is stronger, it has a
hi gher vyield strength, and still has excellent
fracture resistance at | owtenperatures. That is why
we chose ni ckel steel instead of asthenitic stainless
steel .

We have a nunber of layers around the
i nner shell. And the idea here is we nmake the stee
shell thin, and at the sanme tine we have nultiple
|layers to get the total thickness for ganmm
attenuation that we need.

You can see, quickly, if you do factor
type of analysis, that a crack fromthe outsi de cannot
propagate to the inside. So if there is, if there
were a large inpact force, and a crack were to
devel op, the crack will not propagate.

Qutside is holtite, which is a materi al
that is arigid type material, and therefore it has
very high danping properties, but it is not a
structural nmenber, per se.

The general idea is to make the cask
extremely resistant to inmpact inmpul sive bolts. Let's
go on to the next.

| nentioned that materials are nickel
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steel, or 10 carbon steel. They are all qualifiedto
remai n fracture resistant at m nus 40 degrees. Let's
keep goi ng.

You are |ooking at, here, the MPC in a
cutaway view. The key piece of information here, for
t hose of you who don't | oad casks, isthat this entire
structure is manufactured in the shop, thetoplidis
wel ded after the fuel is inserted.

So this top lidjoins to the shell, is a
cause for concern, because it isafieldwld Andwe
have done a great deal of investigationto ensure that
that weldw || perform will not fail, actually, under
very, very high g-1oads.

We have, on the conmputer, dropped the
cani ster from25, 30 feet, and seen that the weld wi ||
not, we will not have a fracture, w thout an inpact
[imter cushioning the fall.

Let's go on to the next one. You are
| ooki ng at the basket. | think one of the speakers in
t he norning said the basket is your biggest concern.
I ndeed it is, because it does contain the fuel. And
we have taken the steps to ensure that this basket,
whi ch i s made of, basically, plate type nenbers, in an
octagonal grid, every single seam is continuously

wel ded at every junction, wherever the plate neet, all
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junctions are continuously welded along the entire
| engt h.

VWhich nmakes it an extrenely rigid
structure. As a matter of fact, it is sorigid that
under | oads that you will apply, say in the centra
span, you don't see nuch deflection. It is a multi-
flanged rigid beam

Al so, having the welds along the entire
| engt h provides for good heat transfer under storage
conditions, storage and transport conditions.

The cask has two inpact limters at both
ends, as | said earlier. Now, if you |look at this
structure, theinpact limters thensel ves protect the
cask at the end.

I f you are | ooking at a missile kind of a
| oad, that | oad, of course, the nost vul nerabl e regi on
is the central region of the cask. And that is where
we have |ayered shells to keep any fracture from
pr opagat i ng.

So the cask, essentially, is protected
fromthe wi de variety of | oads that now we envi si on,
after 9-11. It will not only take a direct fall, but
it will also take localized inpact | oads.

Let's go on to the next. This show you

the inmpact limter. The inpact Iimter is made of
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alumnum soit will beresistant tofire, andit wll
not change its property depending on humdity and
temperature. If it were nade of wood, you woul d have
a concern about hum dity dependence for properties.

The inmpact limter isthe external bodyis
made of stainless steel, inside is alumnum
conpressible material. It is a honeyconb nateri al
that is nade to deform easily at |ow |oads, and
actually provide a plastic kind of response under a
cont act | oad.

Let's go on to the next one. This shows
the rail car that we have. W took the private fue
storage car that they had desi gned sonme years, and we
designed a cradle to go with it.

The idea with the cradle is to keep the
center of gravity of the cask as | ow as possible. And
to also provide for very high axial |oad bearing
capability. I'mnot going to go into the details of
the cradl e design, thereis not time for it. But the
design mssion is to, essentially, nake this
structure, again, extrenely energy absorbent.

Let's goonto the next. Now, this is an
artist rendering of our HI -STAR cask headed to the
repository. The cask, as you can see, the centra

region of the cask is where you can have a direct
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i mpact froma foreign object.

The ends of the inpact limter, there is
a good deal of technical detail that characterizes
this inpact limter, but the -- it suffices to say
that under |oads that the rail car is designed for,
not hi ng happens to the package at all. The stresses
will be m nimal

This is the | ast one, or is there another
one? All right, let's gotoit. The availability of
t he cask. Four HI-STARs are currently in use at
Exelon's station. | think we showed you, the first
phot ogr aph was that one.

There are three H -STARs are used at
Sout hern Nucl ear's Pl ant Hatch. We had built one HI -
STAR in 1998, using all the regul ati ons of 10CFR70. 1,
but at the time we did not have the |icense, we did
not have the certificate. And, therefore, the task
t heoretically was not certifiable, even though it net
all the requirenents.

Exel on purchased that cask fromus. This
presumably is available from Exelon for testing
purposes, if you folks do make a full scale testing
program

Let's go on to the next one. Now, |'m

going to talk to you, very briefly show you, how many
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half mnutes do | have left? Five, okay.

We made a sinplistic nodel. 1 would not
brag about the nodel, but it is a good nodel, because
it characterizes the behavi or of the package under an
i mpact ed | oad.

We, incidentally, we ran a nunber of
benchmark tests, actual tests, ontheinpact limter,
as prototype, many years ago. And all the datais in
the literature, so I'mnot going to talk about them
her e.

"' m going to show you how this cask is
predicted to performif one were to subject it to a
m ssile | oad, such as froma jet engine. W took a CE
engine that is used in Boeing 767, it weighs 13, 000
pounds, and we decided to apply, have it inpact the
cask, in the center, away fromthe inpact limter, in
t he nost vul nerable region, with a force of 500 mles
an hour.

And the object here is to study what
happens to -- whet her the cask woul d separate fromthe
cradle, or isthe cradle well enough desi gned that the
cask and cradl e remai n together.

That was the object of this test, this
particular nunerical sinulation. W have also

performed a nuch nore detailed sinulation where the
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entire cask is nodel ed as an elastic plastic body in
a large finite el ement program

That | will not present to you in main
presentation, if questions are asked we will show you
that visual in the discussion period.

We are going to see two novies now, so|l'm
going to -- this is the |last one, right? Another one.
Wll, here is the actual visual of the engine
i npacting the cask.

And this, as | said, these are nodel ed as
rigid bodies. Now, you are | ooki ng at what happens to
t he package. Now, realize, this nodel is limted in
the sense that the cask can separate from the rai
car, but you will not see actual deformation of the
cask, you will only see the -- you will see, if they
were to separate, you would see the separation
devel op.

The next one is wth a different
coefficient of restitution, meani ngthat the anount of
energy, the first one we assuned that there is no
energy absorption. The entire kinetic energy, the
coefficient of restitution is one.

Here we assune the coefficient of
restitution is .25, which neans there is sone

di ssi pati on of energy.
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Now, these solutions in the post-inpact
response, it is already witten for ne, the package
remains with the vehicle during rollover for a
specified inpact angle, which in this case is 30
degrees fromthe horizontal.

One can, this nodel is capabl e of studying
additional level of refinenent, in the sense that we
can study t he separation between the rail car and the
package, we coul d separate ot her mai n conponents, and
determ ne whether they make them separable in the
nodel , and determ ne actually whether they separate
under an inpact | oad.

This will be nore of a solution for a day
to day study. We have nmade a conpl ete nodel, done a
3-D nodel of the package, with the inpact limter, the
cask, represented by thousands of finite elenents, so
is the inpact limter, and the MPC inside it, is to
characterize the defl ection response of the cask, the
actual deformation of the cask under the inpact | oad.

We have the visuals for it, we will show
you later. But let nme just tell you, what we find is
that at 500 mles an hour, the sane engine inpacting
the package, the multi-purpose canister is not

affected at all, the cask withstands the entire
i mpact .
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We wi || continue our own study, funded by
our own conpany, to characterize the behavior of the
cask over the com ng nonths and years. And we will,
of course, work with the | aboratoriesto-- we will do
our pi ece.

| think it is inmportant that we do
interact with the | aboratori es because they have nuch
| arger computing capabilities, as you heard, and t hey
are able, they will be providing information on the
physi cal design details, so they can do their work
nore effectively. Thank you.

MEMBER LEVENSON: W are going to keep
nost of the discussion on these three papers for the
end. But at this point, do any of the commttee
menbers have a question of clarification?

(No response.)

MEMBER LEVENSON:. The next paper is by
Peter Shih of Transnucl ear.

MR. SHI H: Good afternoon, ny nane is
Pet er Shi h. In the next 20 mnutes |I'm going to
present Transnucl ear's response in regard to design
anal ysis and testing of the transport cask.

By doing this, today, I'mgoing to -- the
topic I'mgoing to discuss this afternoon, first I'm

going to give a very brief discussion about
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Transnucl ear. And now |' mgoing to show how t he cask
as designed by Transnuclear conplies with rules and
regul ations, by using analysis and testing.

By doing this, first, I will go through
the U S. designcriteria, based on Part 71, NUREG and
ASME code. Then I'mgoing totouchalittle bit about
t he European design criteria based on | AEA and the
ASME code.

The reason |' mdoi ng that i s because sone
of the casks designed by Transnucl ear |licensed in the
U S. we also designto neet the | AEArequirenent. And
inthe analysis |I'mgoing to describe the nmethodol ogy
used by our conpany, and al so what kind of conputer
code we use in our conpany.

In the testing, first |I'm going to
descri be a synptomtest during the fabrication stage,
then I' mgoi ng to describe the i npact test, and how we
do the test, the purpose of the test, and the result
of the test.

Then " mgoing to |list the cask desi gned
by Transnuclear licensed in the U S. and Europe, by
usi ng anal ysis and testing.

I n conclusion|'mgoingtosummarize based
on t he past experinments, and what we can do fromhere.

Next slide, please.
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Transnuclear we have over 30 years
experience in design, license, and fabrication, and
operation of a package, for both storage and shi ppi ng
of spent fuel, radi oactive waste and ot her radi oacti ve
material. Qur experience include design, analysis,
testing, fabrication, certification, and operation.

Next slide, please. The U.S. design basis
of the transport cask that is based on 10 CFR Part 71.
In the Part 71 specify all the design requirenent,
including the normal condition, and the action
condi tion | oad.

And the NUREG 7.6 describe the structure
design criteria of the transport cask containnent
boundary. And the NUREG 7.8 summarize the | oad
conbi nati on required.

ASME code, Section Ill, Subsection NB and
Subsection WB, we use this to code for design,
fabrication, inspection, and testing of the transport
cask contai nment boundary. And we use Subsection NG
for design, fabrication, testing, agai ninspection of
t he basket. And we use NUREG 607 for the lip
anal ysi s.

Next slide, please. |In the Europe, nost
of the country use the guideline specifiedinthe|lAEA

for the design. And they also use ASME code as
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applicable for inspection, fabrication, whatever.

And i f you have desi gned a transport cask
for use in Europe you woul d pay special attention to
this transportation constraint, especially the outside
di ameter cask is | onger conpared with the cask in use
in the United States.

Next slide, please. The acceptance
criteria basically you divide into normal condition,
and an accident condition. The normal condition
basically we base on ASME code, delivery all owabl e.
And, of course, we need to nmintain the containnent.

And in the accident condition we base on
a level allowable, again, you know, we also need to
mai ntai n contai nnent. Next slide, please.

In the Transnuclear basically we use
ANSI's finite nodel for both structural and a t hernal
anal ysi s. And, of course, we also use sone
cal cul ation, you know, we use NUREG 607 for LIPO
anal ysis, and we use the COCASE N- 284 for the bucket
anal ysis extra.

And t he rest of this, you know, we use, in
the criticality, we use scale -- we are KENO-5A with
a scale of 4.4, and a contai nment we use ANSI 14.5,
and use MCMP code for gamma and neutron dose rate

cal cul ati on. Next slide please, thank you.
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And this is asift and testing during the fabrication
stage, and it is pretty self-explanatory. [|'m not
going to address this too much.

Thank you, next. Scale nodel testing --
by the way, you know, because | put alot -- try to
put as much material in the preceding slides. So if |
go a little fast, you know, please excuse ne.

And si nce everybody have a handout -- the
scal e nodel test, this test is for a cask dropped to
a surface fromthe 30 feet with inpact limter. And
t he purpose of this test is to validate the G val ue
predi cted by the conputer analysis.

And in the sanme tinme we also use this
testing to validate the cross distance predicted by
t he conmputer. And we al so denonstrate adequacy of the
i mpact limter attachment design, and inthe sane tine
one of the inpact limter during the test, we put it
to the freezer, and it is chilled for a mnus 20
degree tenperature for 24 hours. Then we take out,
attached to the test nodel, on a truck, in 30 foot to
an unyei |l di ng surface.

And | ast, you know, we do a 40 i nch punch
to a puncture bar. Next slide, please. And this
scal e rel ati on we generate fromthe scal e al one. Next

slide, please. And this overhead, you know, descri be
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the justification and advant age of a scal e nodel test.

And basically thereis threereport | show
from Lawence Livernore, Sandi a, and Ecole
Pol yt echni que, you know, it describe in very detail
so |'mnot going to el aborate too nuch about this, you
know?

Next slide, please. This is one of the
test program performed by Transnuclear in January
2001. And this is one third scale NUMOS-MP197
transfer cask. W performthis test.

This is a test body, and the top and the
bottom inpact limter. And we also have twelve
accel erometers nmounted to the cask body. And this
accel eroneters are used to neasure the accel erations
during the drop

And this is a three orientation we drop,
si de drop, 20 degrees sl ap-down, and a 90 degree end
dr op. And a nedian up to 90 degree end drop. W
rai sed t he damage the i npact Iimter 40 each above t he
ground, and an i npact to a one-third scal e punch bar.

Next slide, please. And in the next few
slides I'mgoing to showyou the drop orientation, and
a before and after. This is zero degree set-up. The
di stance fromthe bottomof the inpact limter to the

test target is 30 foot plus one inch, mnus zero inch.
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Next slide, please. This is after the
drop. And each time after the drop we not only record
the Gload, plus go through thorough inspection,
neasure the deformati on on inpact limter, attachnment
bolt, and al so neasure the torque of the bolt.

Next slide, please. This is acceleration
versus tine history, record by one of the
accel erometers. And this is a field by 1000 hertz.
And you can see, based on this, the maximumGload is
about 180-G this one-third scale. And the transfer
to a full size scale about 60-G

Next slide, please. This is the test
setup for 20 degree nodel. And it is about a 20
degree, in this line, to the perpendicular, to the
hori zontal inpact cervix.

Next slide, please. And this after the
drop, and our engi neer inspect, you know, after the
drop condition.

Next slide, please. This 90 degree end
drop, next slide, and it is of a 90 degree end-drop.
Next slide please. And i mediately after a 90 degree
end-drop we go to the punch, to the bottom of the
inmpact limter.

Next slide, please. And this is the

nmeasured G| oad during the zero degree, twenty degree,
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and a ninety degree. Again, you know, during the
structure anal ysis we add additional safety factor at
| east Iike a 15 to 20 percent nore than the measured
G | oad used for structure analysis.

You can see 61, we have 75, and at 65 we
al so have 75. And this one normal 32, 53, we have a
60, 196.

Next slide, please. W are tal king about
a scal e nodel test. In the next fewslides I'mgoing
to describe two full size train crash tests. One of
t hese performed by t he Sandi a t hi s nor ni ng, he al ready
described, so I'm not going to elaborate that
particul ar one, because we already go through that
pretty nmuch, pretty detailed.

And this particular two-thirds, basically,
is for public acceptance purpose. |'m going to be
tal ki ng about a CEGB test, you know? This is talking
about central electricity generating bolt at UK

Next slide, please. This test basically
actually is two kind of test. The first kind of test
is the full size nodel is dropped to, from30 foot to
an unyeilding surface, with string gauge, okay?

So you neasure all the force of
decel eration, and t he what ever, you know. Then after

t he drop t he danmage to t he package was refocused, then
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pl aced this package on the railroad truck. Then the
train, 240 ton train, drive 100 m | e per hour inpact,
smash into this particul ar package.

And we find out, you know, the cask had
survived for the train crash wi thout any | eakage. And
at the inpact force, fromthe train crash, was |ess
than the 30 foot inpact test.

So basically our conclusion is the full
scal e testing give public confidence, and conformto
regulatory test are realistic when conpared to the
real accidents.

It is very inportant to find out, you
know, accident 30 foot drop to an unyeil ding surface
give you a nuch, rnuch higher inpact force conpared
with this train crash.

Next slide, please. This, the package,
next slide, and a train crash, you know, diagonal to
t he package. Next slide. And this see from a
di stance, you know, so you can see the whol e picture.

Next slide, please. In addition to a 30
foot drop to an unyeil di ng surface, Transnucl ear al so
had some experi nents on t he hi gh speed i npact testing.
And we performed this by sinmulator, the F-16 and F-18
fighter jet.

And what we do in this, you know, the test
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was performed on missile, or nodel with mssile
representing the real hardness of a jet engine, and
t he i npact condition.

And at the inpact velocities, 336 to --
bet ween 336 and 481 mles per hour. And we test, it
was perfornmed using one-third scal e of TN24D and TN24G
cask, okay?

And f ol | owi ng conponent was nodel ed inthe
cask, steel shell, neutron shared in the contai nnent
vessel including forged steel shell, weld at the
bottom and the bolt |ipped with netallic seal.

And the next slide will show you the
picture, please. Ckay, thisis the high speed mssile
representing the jet flight just before i npact to our
TN24D cask. And these three slides, you know, that
show you how the missile inpact to the cask.

Next slide, please. The test result, the
only deformation is |local deformation at the outer
shell, and a not deformati on of the force contai nnent
vessel, or the closure lid.

The |id tightness was unchanged, because
we nmeasure lid tightness before and after the inpact
test. And virtually is identical. And this, by the
way, we have 24D and 24G we performa |ot of tests,

you know, and because of tine, | don't have tine to
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show you the picture.

But based on all the tests our concl usion
is that the dual purpose netal cask can survive very,
very severe inpacts.

Next slide, please. And this slide show
t he cask desi gned by Transnucl ear, and licensed inthe
United States, based on analysis and testing. And
fromhere you can see nost our testing is about, oh,
one-third scale, and one of this half-scale.

And one thing | wanted to nention, the TN-
68, this particular cask is dual purpose cask. W
are not only |licensed for transport, but alsolicensed
for storage.

And a new NP197 cask, this particul ar cask
is not only designed to neet the Part 71 requirenent,
but we al so design to neet | AEA requirenent, and al so
nmeet European transport constraint.

Next slide, please. These are the casks
that we license in Europe. And al so you can see the
testing scale. Mst of themare fromone-third scal e
to half-scale, and this one is one scale.

One thing | ought to mention, you know,
TN24D, TN24G, these two casks not only do we perform
a 30 foot drop test, but al so performa m ssile inpact

test to sinulate the jet flights.
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Next slide, please. In conclusion this,
Transnucl ear's past experinents in design the cask,
and analysis, and testing, and it conbine ways of
t oday' s advance t echnol ogy, especi ally conputer, high
speed conputer. And we conclude that, you know,
anal ytical thought can actually predict the test
behavi or.

Scal e nodel test result provide val uable
benchmar ki ng data. Reduced scale tests is just, is
fully justified. Scale one test on |arge package is
not required.

Then, basically fromthe four side, the
public denmponstration test, to prove that the current
regul ation give adequate safety margin to rea
accident conditions. That is what | tried to show,
that four side package test.

Based on the G| oad, based on the force
nmeasured from the 30 foot drop, conmpared with the
train crash, you know, we find that the force fromthe
30 foot drop is much higher near the train crash.
Thank you.

MEMBER LEVENSON: Any conmmittee nenbers
have a question?

VI CE- CHAl RMAN  WYMER: What is the

shi el di ng, the gamma shielding material ?
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MR SHIH Well, we have a neutron, we
have a reason that we also have a stainless steel
shel | .

VI CE- CHAl RVAN WWMER:  So what i s t he gamma
shielding material, again?

MR SH H Rayzor.

MR SINGH: Ganma shi el di ng.

MR. SHIH OCh, ganma shield, okay. The
stainl ess steel shell, stainless steel.

VI CE- CHAl RVAN WMER:  Al'l stai nl ess steel ?

MR SH H  Yes.

VI CE- CHAl RVAN WMER:  (Ckay, thank you.

MR SHI H  Thank you.

MEMBER LEVENSON: For clarification, isit
still true that casks built to the | AEA standards are
usabl e for shipments into the United States, not from
one place in the United States to another, but from
anywhere intheworldintothe United States, the | AEA
cask can be used, is that right?

MR SHIH | thinkl will refer to NRCto
answer this question.

MR. BRACH. This is Bill Brach, NRC. That
is actually a role and responsibility of the
Department of Transportation has for countries, or

compani es, that areinportingintothe U S., they nust
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apply for approval through the DOT, the Department of
Transportation, for authorization to a non-NRC
certified package.

MEMBER LEVENSON: Ckay, thank you. Now we
will go on. OQur third speaker is M chael Yaksh, from
NAC.

MR. YAKSH: M nane is M chael Yaksh, NAC
| nternati onal . | appreciate the opportunity this
afternoon to describe sonme of our experiences, and
anal ysis, and testing.

Next slide. These are associated, of
course, with COC, this is alist of our COCs that we
currently hold. The NLI1/2, and the NAC-1, And NAC
LW, these are |legal weight truck casks.

The uni que feature about the NLI-1/2, it
is an ol der cask that we purchased back in the late
'70s, and it, as a shielding, uses uranium The ot her
cask we use is basically |ead.

The difference with the NAC STC and the
MPC, and the UMS, these are what we call our high
capacity casks, 24 or nore PWR fuel assenblies, 56 or
nore PWR fuel assenblies.

| f you | ook over the col unm of the nunber
of applications, and NLI, and NAC-LWI, you see that

t hose nunbers are rather high. It just shows you just
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a variety of types of fuel that is wused, and
radi oactive materials that are transported in these
casks.

Next slide, please. This is a slide
showi ng our overall usage of these casks. Thereis 8
LWI's bei ng used t hroughout the world, 5 NLI-1/2s, use
over 3,300 shipnents, over six and a half mllion
mles, so it is quite extensive.

When we do canpai gns, that are usually --
when we ship fuel out of Taiwan, there was quite a
nunber of shipnments. Sone of these other |ocations,
I i ke Col onbi a, and European, Scandi navia, those are
j ust maybe one or two shipnents.

As far as nodes of transportation, we ship
over trucks, boats, and when we shi p the weapons grade
fuel out of Iraq, after Desert Storm that was done in
Sovi et aircraft. So these casks have been used worl d-
wi de, and the only accidents |I'maware of is when an
enpty NLI-1/2 cask, the truck jackknifed, the cask
fell off the truck, damaged the bolts and inpact
limter, falls oninpact, and it was repaired and put
back into service.

So far as nmj or accidents to these casks,
over the six and a half mllion mles, there has been

none, none that we would tally.
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Next slide. Each one of these casks has
a license, and this license is supported by a
conbi nati on of testing and analysis. The testingis
used to confirmthe anal ysis.

Because ul ti mat el y you want to denonstrat e
what the intent of 71 is. The integrity of the cask,
and so we use both testing and analysis to do this.
Testing confirns the structural response of sone
things that, early on especially in the '90s, it was
denonstrated best through tests, as the inpact
nunbers, what happens to the inpact limter bolt, does
t he wood, and the other type of crushable material,
does its maintain its orientation.

So those sorts of tests denonstrated and
val i dated our assunptions. Now, the view of
anal ysi s, t hough, once we've benchmarked the
net hodol ogy is, if we need to do what-if type study,
it is much easier done with the anal ysis, as opposed
to going out and performng a test, tenperature
variations, variations of density, variations of
manuf act uri ng, those sorts of things.

So the bottomline is we use the test to
confirmour anal ysi s and techni cal |l y our manuf act uri ng
nmet hodol ogy as wel | .

Next sli de. When we speak about
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contai nnent, thereis really a nunber of systens that
are involved here. There is an inpact limter that
limts the accel eration to which the fuel clad will be
exposed, the basket structure will be exposed, the
cask body shells will be exposed, the lid, the bolts,
t hose sorts of things.

And there is the cask shells. Qur gamm
shielding is lead, it is in between two thick
stainless steel shells, and then there is this very
robust bolts that maintainthe contai nment at the top.

The mainthing, criticality control of the
fuel within the basket, the basket is a very robust
basket made out of stainless steel. And each one of
these, COCs, that we developed in our design
licensing, we feel like the testing experience has
been rat her extensive.

Next slide please. This is a slide
showi ng sone of our high capacity casks, as well as
our truck casks. That is 24 spent fuel assenblies,
PWR 56, for BWR, total design weight is 260,000
pounds, fuel weighs about 40,000, so you can see t hat
this is canister fuel, we are dealing with about
220, 000 pounds worth of packaging to protect, 40,000
pounds, roughly, worth of fuel.

| npact limter is attached to both ends,
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contained within the stainless steel shell. W use
redwood and bal sa. We find those are very economi cal
material s, and very stable materials, as we will point
out injust alittle bit.

As far as testing type, in order to do
your anal ysi s you have to have certaininput, materi al
data to do that analysis, and that is what we call
materi al testing.

We just received the COC, that testing
i nvol ved dynam c testing of the redwood and t he bal sa,
that was perfornmed at the Naval Surface Warfare
Center. The actual quarter scal e nodel testing of the
inmpact limter is dowmntothe anti-limter bolts, the
net area is nodeled to a quarter scale, the shells,
the inpact limter are nodeled to the quarter scale.

The way we woul d manufacture the inpact
limter and the full scale is the exact same way we
did it in the quarter scale nodel. W started the
test at Oakridge, and then we conpleted the test at
Sandi a Nati onal Laboratories.

The CY-STC has 26 fuel assenblies for
cani ster fuel for Connecticut Yankee type fuel. W
did both material testing here, sane material testing
we did for the GV5, we just applied that to the CY-STC

desi gn.
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The reason why we went back and did a
gquarter scale nodel is that we realized that we could
cut 30 or 40 percent of the weight of the inpact
[imter, convert that to fuel weight, and nmake it a
much nore efficient design

We | earned quite a nunber of things from
the EM5, and fromthe STC down in the early '90s, and
we want ed to enpl oy that in the CY-STC design. So for
t hat reason we returned back to Sandi a, confirmed, do
sone nore confirmatory drop test.

The NSC-STCis primarily for | oaded fuel,
and two of those are being fabricated in Spain, for
use in China, to transport fuel for D anbay to a
processing plant and back to D anbay for reuse.

And that was one of our earlier designs,
t hat was done back in the early '90s, and at that tine
we used primarily static crush test, and we used sone
dynanmi c data fromone of the national | aboratories to
extrapol ate for the dynam c data.

Now, the unusual thing about the NSC- STC,
not only was the i npact quarter scal e nodel ed, down to
net area onthe inpact limter attachment bolt, but it
had a quarter scale basket, as well, all the shells
were quarter scale, the inner shell called for XM 19

pedi gree, that is what went into the quarter scale
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nodel .

As far as stainless steel, the pedigree
t hat was used, and the full scal e desi gn, we al so used
inthe quarter scale nodel. Soit was a very detail ed
test, not only of the inpact limter, but also of the
cask body. And that -- those particular tests were
done in the UK, at Wnthrop.

Earlier casks, | egal weight truck casksis
NFC- LW, for that cask we use honeyconb. Wy didn't
we use honeyconb for the larger one? Just from an
econom ¢ standpoint we converted from honeyconb to
wood, because |egal weight truck cask is a nuch
smal | er cask, the internal diameter is about 13 and
3/8ths, the internal dianeter of the | arger casks are
67-pl us inches.

For LW we used dynanmic data from the
manuf acturer of the material. W also had an inpact
[imter that was down to a quarter scale. The inpact
l[imter skin was fabricated out of alum num The
i mpact for the quarter scale, those skins were also
made out of al um num

So we were very neticulous in wusing
quarter scale just exactly what it would be in the
full scale materials, and from the manufacturing

st andpoi nt .
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The cask body al so was at quarter scale.
We had poured lead, just like we did for the NSE-STC
quarter scale nodel, we poured lead for the shells,
for the gamma shielding, so it was an exact replica.

In fact, at one tine, we thought about
selling the NSE-STC as an actual cask, because we had
all the pedigree to it.

The NLI-1/2 is a cask that we purchased.
The reason | nmentionit is that it uses a bal sa i npact
[imter. Those casks are still in service. W didn't
do any of the testing for those.

| nmentioned the Californium that was a
speci alty cask devel oped for Californium In the
mcro gram the level of Californium is a very
fissionable, very highly radioactive material. Most
of the cask volume is conprised of NS-4, that is our
neutron shielding material .

During the review process one of the
reviewers said, what can you tell wus about the
integrity of your NS-4? So we i mredi ately said, well,
t hat neans go out and do sone drop tests.

So we went out and did material testing of
the NS-4. A cask is not shown here, but we have done
anal ysis for recertification, was t he Paducah over pack

for transporting UF-6 to and from Paducah.
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We had the data, this data is rather old,
but we went back and nodel ed it, and we got excell ent
agr eement .

Next slide. Wth material testing,
material testing is the basis of your analysis. And
it obviously uses sanpl es and woul d det erm ne stress-
strain curve. Now, we realize that sone of the data,
per haps, that was out in the literature for stress-
strain data for the wood, maybe t here was sone gaps in
it.

So we contracted with Naval Surface
Warfare Center to performa whol e array of tests. And
nore i nportantly about these tests is they includethe
strain weights of, rather |ow strain weights quasi -
static, we did static as well, strain weights all the
way up to 375 strains per second.

Now, that is a bizarre high strain, but we
want ed t 0 see what happened to the stress-strain data
as we really approached astronom cal strainrates to
ki nd of reviewthe fact that what if sonebody wants to
do an 80 mile an hour, a 100 mle an hour test, or do
sonet hi ng ot her that was not quite in the regul ati ons
at that time.

We al so had testing that covered all the

way from m nus 40, based on the regul ations, to 200
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degrees. That is our normal operational condition.
Because wood is orthotopic, just |ike honeyconb, we
performed a whol e array of tests, in both directions,
to ascertain the weak direction, as well as the strong
di recti on.

Then, of course, with any natural materi al
you want to observe the variability of the properti es.
What ever criteria that we used in performng these
specimen tests, it is the sane criteria that we used
to build the quarter scale limter, it is the sane
criteria that we are using to build the full-scale
limters for the redwood inpact limters over in
France at this tinme.

So the materials we've tested, that we
have been i nvolved with, i s redwod, bal sa, honeyconb,
and NS-4 and sone foam

Next slide, please. The inportance of
this testing, it helps us define the extent of
variabilities associated with the materials, such as
t he noi sture, such as density.

But once we've ascertained what the
variability, and we've cl anped down on, we will only
accept this type of material, then we get rid of the
effect, basically, we fact out the effect of the

variability of material we see in the natural
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mat eri al s.

And here, again, as | point out, the
reason for the inportance of this, if you want to
produce accurate results, in your tests, as far as
predi ctions are concerned, then you needto start with
your material testing.

This is not only wth the maxinmm
acceleration, it wuld also, how well does your
acceleration time history conpare to that of the
acceleration tine history of the actual test itself.

Next slide, please. So in analysis, what
ki nd of things are we | ooking for? Well, obviously we
are going to qualify against a code. But we specify,
in the beginning of the design an accel eration basis
based upon our experience, 15 year plus worth of
desi gni ng transportati on casks.

And we do that to all owthe anal ysis to be
decoupl ed so that we can proceed in parallel paths.
One group will go off and performstress anal ysis of
t he basket and t he cask body, the other group will go
of f and design the actual inpact limter to be tested.

When we do these anal yses we make sure
t hat we i npl ode the tenperature conditions, both hot
and cold, and then in addition to that, to take into

account any kind of manufacturing variation, we push
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t he col d properties ten percent higher crush strength,
and we take the hot properties, and | ower themby 10
percent, to make sure that whatever is covered, as far
as manufacturingis concerned, that those, i ndeed, are
cover ed.

The other thing we do in the anal ysis, we
obvi ously | ook at the different drop orientations, the
end drop, the corner drop, the side drop. And then,
in some cases, we will even | ook at the slap-down.

Slap-down is a pretty interesting topic,
alot of -- a great deal of studies have been poured
into the slap-down shallow angle. Wen it cones to
| ar ge casks, which have very smal | type ratios, | ength
versus radius of gyration, you don't really have a
sl ap-down effect.

And we did a series of analyses to coneto
t hat concl usion, as well as we used sone drop tests to
reach that conclusion. Now, with respect tothe scale
nodel, the full scale design, we obviously do it to
envel ope, the worse case conditions, internms of crush
depths of the inpact limter, as well as the
accel erations to the cask body, and the basket wl|
see.

When it comes to the scal e nodel we are in

adifferent track. At this point we are interestedin
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how cl ose can we cone to the prediction for the actual
drop test. In that case we want to use the best
properties we have.

When we specify a tenperature, for these
we specify approximately 70 degrees for the
tenperat ure of these anal yses. When we go do t he drop
test, and just as Doug pointed out, we showed up in
the winter to do a 70 degree drop, you obviously have
to heat the Iimter up

We showed up again, in the sunmer, to do
a 70 degree drop, and out at Sandia it gets rather
warm in the canyon, there, so we had to cool the
l[imter. So we are very careful of making sure that
what we anal yze is what we are going to drop test.

Next  slide, pl ease. W use the
comrercially available LS-DYNA code, it is a five
el enent code, but that is where the simlarities
between that and other codes |ike NSSS and COSMOS
that is where the simlarities end.

It is an explicit code, it acconmpdates
| arge strain, it accoomodates finiterotations, finite
di spl acenments. Not all codes can do that very well.
And it is a code that was born out of the DYNA code
out of Lawence Livernore, that was described this

nor ni ng.
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This is arather detail ed nodel, starting
here, the inpact limters are nodel ed explicitly, the
shells in the inpact Iimter are nodeled explicitly.
Different portions of the wood, which is bal sa, those
strain rate sensitive properties, we use strain rate
sensitive properties, we used a nodified foam

It iscallednodifiedbecause the standard
foam nodel in DYNA does not acconmpdate strain rate
sensitive properties. We acconmmpdate strain rate
sensitive properties in the analysis.

Wien you get down to the details of
trunnion, we nodel the trunnion just as it actually
occurs in the design. If you notice the elenents
don't match up here, the el enents don't match up here.

Wen it comes down to attaching the
trunnion to the actual cask body, thereis sonereally
-- material code features allow you to nore or |ess
wel d these two pieces together. Because this region
is afairly rigid region.

And so far as the inpact limter what we
do is we specify an interface with it, conpression
only. So it is allowed to slide. W actually nodel
the bolts thensel ves, so that we can see if the bolt
is going to maintain their integrity during the

i mpact .
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And as far as the cask body i s concerned,
while our full scale design, or quarter scal e design
too, as far as that goes, would have a steel | ead,
steel design, what you see are just two el enents.

Now, we are very careful to match the
frequency content of the full scal e steel edged steel,
with this here, and we confirmthat, but then extract
t he nodes. Now, when you do the perfectional nodes it
i s obvious went into your nodel, and we go to an ANSI S
code like that, which does a very good job of
extracting the nodes.

Sonme inportant issues about the scale
nodeling | would like to bring up. Whatever materi al
requi rements we have for full scale, we enploy that
for the quarter scale, as well.

However the material is oriented in the
full scale design, the same criteria, the sane
orientation material is used in the quarter scale
design. As far as sinulated conponents, the inpact
[imter, the bolts, whatever we use inthe full scale,
we make sure that the net threat area is either equa
to, or less than, so it is conservative.

What ever materials are specified for the
inmpact limter attachnment bolts, that are nade of

hi ghly ductile stainless steel, we make sure the same
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material is used in those bolts.

VWhat ever acceptance criteria, interns of
noi sture, and density, crush strength, pressure
strength, whatever is used in the full scale, we nake
sure that is used in the quarter scale as well.

So at this point scale nodel, then, can
give us data that allows us to conpare to our
predi cti ons how nmuch the inpact limter crush, what
wer e t he maxi numaccel erati ons experi enced by t he cask
body.

Now, the code we are using, this is a
confirmatory test, it is inportant not only to get the
nunbers, it is also inportant to understand what is
happeni ng i n physi cal phenonena.

And what we found was that no matter how
rigidis, the cask body is basically still an el astic
body, and you can -- how nuch wei ght you can put into
your body, next slide please, you are going to get
some oscillatory behavi or.

Now, we have a great deal of test data, so
| just brought atypical curve. Thelittle curve here
is the drop test data, and this is the LS-DYNA curve.
You notice those are rather snooth curve.

Now, that wll give you a clue, real

qui ck, that we are filtering this data. And you say,
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what is your criteria? Because there was sone
di scussion about that this norning. And that is a
very inportant criteria.

One of the features that you can do in
post-processing, with electronic data, is you can
performan FFT. BaSically what you are doing thereis
| ooki ng at accel eration versus the frequency content.

And for every test that we do we exam ne
that FFT to nmke sure that it is a good test.
Accel eroneters, thereis a great deal of technol ogy in
accel erometers. If you notice we shopped around at
the different national labs. That is only half the
story. We didn't tell you which ones we did | ook at,
and didn't go to.

And so accel eroneter technology is not a
trivial matter. And even when you get the data you
still must carefully examine it. And the FFT is a
good way of saying what should the filter frequency
should | use?

And one of the questions that the reviewer
i s al ways goi ng to ask you, please justify your cutoff
frequency. Because | know when you nmake it |ower, it
goes away. And there is a reason for that. Wen you
make that filter frequency too | ow, you are actually

cutting out exciting nodes in your cask, when you do
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that, you are actually going to reduce your
accel eration.

So we approach it both ways. Before we go
out and do the test, we've actually submtted these
results to the NRC, because they were curious how,
they didn't want us to change the results after we did
the test, so we presented to themthe results, before
we actually went out and did the test.

And so we di d a careful exam nation of our
node extracti on to nmake sure that what we are going to
see in the FFT, are we going to see our node of
extraction, we got excellent agreenent.

So not only is the -- did we | ook at the
maxi mum accel eration, we also |ook at the overall
frequency content, as well as the tinme duration. The
thing to keep in mnd is, we are |ooking at,
approxi mately, 180 Gs here, which is 45 in the ful
scal e design

Actual accel eration used, and the stress
evaluation is for 60 Gs. So there is another 30
percent of conservatism before we do anything el se.

Next slide, please. So one of the reasons
why we conclude that the design is safe is that we
feel that there is inherent conservatisnms and margin

i n our design.
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Onethingto keepinmndis, drop testing
uses arigid surface. Now, you could technically say
nothing is rigid in this world, but the amunt of
el astic energy stored in that pad, thereis not enough
significant digits to conpare to the amount of energy
bei ng absorbed in the inpact limter.

W' ve done a whole series of analyses.
When WIC happened | ast year one of the first things
our engi neering departnent did was, let's go anal yze
a fully | oaded 747 crashing into one of the verti cal
concrete casks.

And we presented those results to the NRC
staff |last year, and concl uded t hat we woul d not have
a breach of containnent.

Sone ot her kind of conservatisns when we
do our anal yses, we try to concentrate the | oad i n our
sinplified stress anal ysis. Now, | say sinmplified
stress analysis, but inreality these are very conpl ex
nodel s, with a nunber of interfaces. So they are not
as sinple as you woul d think.

One thing that we noticed, in our force
defl ecti on curves, which are easy to conpute, you t ake
the mass tines the gravity, accel eration of force, you
double integrate the acceleration, you get the

di spl acenment, you pl ot, and you get a force defl ection
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curve.

W noticed that we got extra capacity in
our displacement. So if we would just take the curve
| ower, the force over, and you | ook at the end of the
curve, we have 20 to 30 percent nore, as a m ni num
margin, in much of our designs on inpact limter.

So we coul d take quite a bit nore surface
fromenergy reporting if we run into a problem As
far as the stress anal yses of the system if | could
poi nt out, the accelerations that we were seeing in
the drop test are significantly |lower than what we
used in the actual design in stress cal cul ations.

The other thing to keep in mnd is the
anal ysi s used the ASME code, and we el ected to use the
el astic evaluation in the ASME Code. They do have an
appendi x that all ows you to use el asti c behavi or. But
you just get less questions if you just go with the
el astic anal ysi s.

The inmportant thing that you have to
realize, when you do an elastic analysis wth
stai nl ess steel, you conpl etely neglect the ductility
of the stainless steel. This is a nassive, nassive
conservati sm

So the acceptance criteria was very

conservative. The other thing, too, is that if you
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notice on that previous curve, there were sone
oscillations in that acceleration. Now, we didn't
filter those out.

And yet when we do our analysis, we take
i nto account another DYNA factor, so in some ways we
actually double count in the acceleration. Slide,
pl ease.

Cont i nui ng on with t he i nher ent
conservatisnms. In the early '90s we were devel opi ng
our NAC- STC cask. And that was, as pointed out, that
was a quarter scale nodel. The basket was quarter
scal e, the shells were quarter scale, the bolts were
quarter scale, the pedigree of the materials used
ever ywher e.

W ran into a little problem with our
impact limter because we had done static tests, we
wer e usi ng al um numshells in order totry to conserve
sone wei ght. And when we did the side drop, the
al umi numdi dn't quite keep the correct orientation, so
the inpact limters didn't quite work.

As a result the cask body inpacted upon
this massi ve steel block in two | ocations, producing,
on the quarter scal e nodel, 1,200 Gs, which is 300 Gs
full scale, which is over five and a half tinmes what

our design G | oad.
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| mredi ately after the test, of course, we
pul l ed the basket out to see what was going to be
| eft, and we noticed that -- we took the basket out in
t he | ab, and parts of the basket whi ch was outsi de the
poi nt of contact, there was no pernmanent set of the
basket .

And anywhere there was a poi nt of contact
during the contact, the deformati on was m nor. None
of the rows had any signs of permanent set, none of
the lip bolts failed, the environnent was mai nt ai ned,
the criticality.

And that is only a part of the story. W
obviously had to fix whatever we had to fix. W went
back and did a whole series nore of 30 foot drop
tests, took the cask back fromthe | ab, no permanent
set .

So what we have concluded is we have
actually taken a 30 foot actual drop, it is only
supposed to occur one time, and we actually turned
that into a normal operational condition, which is
only a one foot drop.

So we felt |ikethere was a nassi ve anount
of conservatism -- next slide, please -- in the
design. Not just on the basket, but al so on the cask

body as well. And not just on the cask body, but in
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the bolts and the lid, as well.

So, in summary we feel like the
nmet hodol ogy shown i s adequate, we showed the results,
and we feel that there are i nherent conservatisns in
t he net hodol ogy.

One, one of the largest that we see, is
the ASME code nethodology, we are using elastic
anal ysis, neglecting the ductility of the stainless
steel. And the inherent conservati smof the structure
eval uati on usi ng accel erati on beyond t hat whi ch we see
in the test.

And t he ot her one that we feel that there
is conservatismis that very fewthings are rigidin
this world, especially when you have a quarter mllion
pound obj ect inpacting.

So we feel likethis denonstrates that the
current designs that we have, have a | arge margin of
safety during the transport.

Thank you very nuch.

MEMBER LEVENSON: Thank you. Any of the

VI CE- CHAl RVAN WYMER: | have sort of a
general question, whichever one of you chooses to stab
at it.

There are three different kinds of gamm
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shielding material. Youtal ked about stainl ess steel,
| ead, depleted uranium And | woul d expect there to
be differences in the performance, and the cost.

Wul d anybody care to tackle the gamm
shiel ding material s?

MR YAKSH: | would like to take the first
stab. M ke Yaksh, NAC international.

The DUis on cask NI-1/2, we didn't renew
it under BU85. So it is phasingintine, as it were.
So that is probably not a good conparison. TE NI -1/2
was an i nnovative cask inits time, but it is frozen.
So we primarily use the lead, it is easy to pour. You

MR. SINGH: Do you want nme to suppl enent

VI CE- CHAl RMVAN WMER: Pl ease.

MR. SINGH Al right. Well, in the cask
you have two conpeting considerations. You have to
mai ntain a certain dianeter, which is the npost you
wi Il nake about 8 feet, 96 inches, and you have to
have certain gamm attenuation capability.

Now, | ead has a much greater density than
stainless steel, or any form of steel. And,
therefore, you are able to provide nuch nore gamm
shielding capability in a small dianetrical space.

However, lead is a very weak structura
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material, it tends to creep under sustained | oads.
And, therefore, if you were to make the cask out of
steel instead, or stainless steel, or any form of
steel, you have ganma shi el di ng, as wel | as structural
capability.

If you were to use |lead, a |lot of |ead,
and |l ess steel, you will have nore effective gamm
shiel ding capability in the sanme dianetrical extent,
but you will have |ess structural capability.

Qur cask is all steel, we do not use any
| ead.

VI CE- CHAIl RVAN WMER: What cost ?

MR. SINGH The cost depends on t he extent
of wel di ng you do in the cask, the manufacturing cost.
The material cost is fairly constant. | mean, if you
use |ead, for exanple, and you were to pour |ead,
whi ch i s heated, tenperature control operation, it is
nor e expensive than installing | ead bricks, which are
pr e- manuf act ur ed.

There are conpeting considerations. I
guess t he maxi nrum the nost significant cost el enent,
in making the cask, is the extent of joining, the
wel di ng work that you do, and mai ntain the di nensi ons
that is where nost of the expense is.

VI CE- CHAl RVAN WYMER: Yes. One of the
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things that occurs to sonebody who doesn't know
anyt hi ng about this business is that sonmething |ike
lead in an inpact, from an accident, or a test, it
mght tend to flow a little bit, and change the
position of the weight.

MR. YAKSH: NACI nternational, M ke Yaksh,
| don't agree with that. We have done extensive
testing, we exposed it to five tines the G1load, we
didn't see any slunping, we didn't see any bul gi ng of
the outer shell, or bulging of the inner shell.

VI CE- CHAl RMVAN WMER:  That is what | was
trying --

MR. YAKSH.  You woul d have thought, we
woul d have seen that inthe five tinmes the G| oad, but
we didn't see that, because we did netrology
nmeasurenents of the insides, as well, of the STC, so
| would say | don't see any --

| know with sone designs if you have a
weakened shell you m ght have sl unping, sonme damage.
But since we are aware of that, that is not a problem
Thank you.

MR SHI H: This is Peter Shih from
Transnuclear. Kris is right, you know. Normally if
we don't have a dinension constraint, |ike our TN-68

dual purpose cask, and we are only design for
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transport in the United States, so we use steel.

However, |ike our new NP-197, because we
try tousethis particular cask not only in the United
States, but also in Europe, you know, so we had
outside dianeter constraints, we do have a |ead
filled, and it is lead filled stainless steel.

| just nentioned nonents ago, | said,
steel. But we do have a lead filled stainl ess steel.

VI CE- CHAI RVAN WYMER:  Thank you.

MEMBER LEVENSON: VWhat you are really
saying is that the regulators sonetimes control the
t echnol ogy, the economcs. There are different
requi rements for your European shipnents than your

Anerican shipments, so you end up with a different

desi gn?

MR SH H  Yes.

MR. SINGH: The regulators contribute to
the technol ogy, of course. In a positive way, one
woul d t hi nk.

MEMBER LEVENSON:. John?

MEMBER GARRICK: |I'mvery inpressed with
your confidence in scale nodel testing. From two

points of view, one is the point of view of
denmonstrating safety, and that is to say cask

integrity. And, two, the point of view of
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aut henti cating your anal ysis nodel s.

Let ne ask the question another way. |Is
there anything that we can learn from full scale
tests, with respect to those two points, that you
can't learn fromscal e nodel testing? Any of you can
tal k about that.

MR. SINGH Well, you know, when you scal e
in any physical test, if you scale a structure, or a
conponent, you use certain scalingalgorithm youw! |
scale mass, you will scale volune, you will scale
local rigidity of the materials.

But there are conprom ses involved. You
don't have a direct, unless you are doing the test,
for one specific |oading, and one specific
orientation, any scale nodel you will rmake woul d be
ideal for that particular test, but it wll be
approxi mate, or depart fromthe scaling that you have
done, for other | oadings.

MEMBER GARRI CK: Ful | scale test would
have the sane problem For one particul ar angle, one
particul ar | oad, etcetera, etcetera.

MR. SINGH: That is correct, but the full
scal e test, whichever |oading you apply to it, wll
gi ve you the response of the structures it woul d.

What |'m saying is that when you scale
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anything down to a quarter scale, or a scaled
structure would replicate, you will be able to scale
up the response to the full size structure for that
specific load, or for approximately for |oads which
are close to it in their nature and application.

But once you go you try to deal with a
wi de variety of |oads that you want to study. Well,
then you will depart fromit. So scale nodels do
serve a function, they do have -- they are nmuch, nuch
| ess expensive, and you can run nmany of them

For exanpl e, we have nunerous scal e nodel
tests when we were qualifying to license H -STAR W
couldn't do all those many tests on a full scale, of
course, that you will end up destructively nodifying
the cask in the process of testing.

So scal e nodel s have t heir pl ace under t he
sun, but | think that to have, if you were to run a
full scale test, you woul d have a nuch hi gher | evel of
confi dence. There arelimtations when you scal e down
a structure.

MR, SINGH: But it sounded |ike what you
were saying is that that may be true with respect to
denmonstrating the integrity of the cask. But as far
as nodels are concerned, analytical nodels, scale

nodel s usually, can they not, do a very good job of
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giving you what you need to analyze a full scale
desi gn?

MR. SINGH. To benchmark nodel, yes.

MEMBER GARRICK: Yes, to benchmark the
nodel .

MR SI NGH: It will give you a useful
tool. And that is what we do today. W have a scale
nodel, we have scal e nodel test results, and we have
benchmark the analytical nodel to predict the cask
response using the scal e nodel

And that is a satisfactory way to do
t hi ngs.

MEMBER GARRI CK: But the questionis, from
an investnent standpoint, is it worth the extra
expense to go to full scale nodel to reduce, maybe,
the uncertainty in your analytical nodel, by ever so
small, if you really forthright in presenting the
uncertainties in the first place?

MR. SINGH Well, |I don't nmean to suggest
t hat you cannot do scal e nodel test and pull up a very
hi gh | evel of confidence with respect tothe ultimate
performance of the structure.

But it is a case of avail abl e funds versus
the level of exactitude, or rigor, or quality of

i nformati on you are |l ooking for. | do-- 1 would | ove
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to do a full scale test, as a scientist and as an
engineer. But it is very expensive.

And scale nodels serve the function to
establish a high |l evel of confidence in the behavior
of the structure.

MEMBER GARRI CK: We engineer a |ot of
things without full scale nodels, of course. And
somehow we' ve managed to, in nost of those cases, do
it right. And so |I'm just very curios as to the
experts here, as to what added benefit we get from
full scale tests.

Maybe sonebody else would like to talk
about it?

MR, YAKSH: As Kris said, the scale
nodeling has its place under the sun. To us it has
all owed us to benchmark our nethodol ogy to which we
woul d do a full scale. And | think sonething needs to
be poi nted out nore, is that in our experience we | ook
at the quarter scale nodel not only just confirm ng
but al so any kind of manufacturing details that need
to be worked out, it is nmuch easier to work them out
on a quarter scale nodel than when you are dealing
wi th sonething that weighs 4 tons, it is nuch easier
to work with sonething that wei ghs 100 pounds.

So we | ook at the quarter scal e nodeling
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not only as a neans of benchmarki ng the net hodol ogy,
but this is how we want to build it, because it is
easier to work with a quarter scale, than it is to
work with a full scale.

Soit isreally adual purpose, it is just
not benchmarki ng data, it is howwe want to build that
full scale. Because, ultimately, you are not going to
transport the quarter scale nodel, you are going to
transport the full scale.

And what everybody has been focused oni s,
primarily, | want to get back the results. The
important thingis if you want to build a full scale,
how you build a full scale, and influence your
results. So you want to work all those winkles out,
and details out, in accordance with scale nodel
t esting.

That is why, at this point, | don't know
how nuch nore testing we want to do, | don't know what
we would learn if we did any nore testing. W' ve
built so many of these quarter scal e nodel s, | earning
so many things in fabricating, that I don't see any
nore how we woul d | earn any nore, if we were to go to
a full scale.

MEMBER GARRI CK:  Thank you.

MR SH H: This is Peter Shih, from
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Transnuclear. Basically in ny presentation, page 64,
| list about three report, and in each report | have
studi ed, extensively, between the scale, radiation
shi el ding between the scale nodel and a full scale.

And based on t he concl usi on of these three
report, you know, if your scale factor is one quarter,
or greater, then the correlation is excellent. And,
al so, the CEGB, the full size cask, before, they al so
have a scal e nodel test.

And based on the information | |earned
fromthose, you know, they have a canera, high speed
canera, one-third scal e nodel, and a full scal e nodel .
And it do a drop, and they behave al nost identical,
you know?

| don't have the report now, but this is
based on ny know edge, you know, that third scale
test, and the full scale test are al nost identical.
Thank you.

VI CE- CHAl RVAN WMER:  Thank you.

MEMBER RYAN: I was going to ask a
guestion, agai n, back at design. At |east for hi ghway
casks, weight is really your limting feature, is it
not ?

MR. YAKSH: Actual highway?

MEMBER RYAN: Yes, road versus rail.
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MR. YAKSH. No, you can get higher than

52, 000.

MR SHI H: You can have an overwei ght
truck.

MEMBER RYAN: Sure, you are al ways ki nd of
constrained to make t hat deci sion, either stay within
t he 8,000, or go over.

MEMBER LEVENSON: Maybe one nore question
on the nodeling issue. It is a little bit
phi | osophi cal, but maybe | can get three different
opi ni ons.

And that is, if you were making rather
drastic changes i n the design, so you don't have a | ot
of background, and you are starting with arelatively
new nodel , the casks are desi gned, woul d you feel nore
confortable if you had one test at full scale, which
|l ets you test one data point, or you have multiple
tests of small scal e nodels, where you have multiple
data points, but at a scale.

Whi ch woul d give you a bigger sense of
confi dence?

VR. YAKSH: This is Mke Yaksh,
International. | would rather have nore data points,
because if there is variability in manufacturing |

will never pick it upwith one data point, I will pick
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it up with nmultiples.

And in all the tests we've done, whatever
variability is there, we've observed it. And that
gi ves us greater confidence. Wen we build the full
scale, wew !l buildit Iike we say we would buildit.

MR. SINGH: | agree with Mke. The -- a
single test, you know, a cask is not an isotropic
honogenous body. So if you run one test, in any given
direction you are going to get response for that
particul ar | oadi ng.

The actual cask, of course, inreal life
has i nfinite nunber of |oadings, directions it can be
| oaded. So a nunber of scale nodel tests, scale
tests, gives you the ability to benchmark your node
much nore accurately than you could with one full
scal e test.

MR SHIH Again, | tend to agree. The
reason i s the cask, basically, you drop in different
orientation, and a different part of conponent of the
cask will respond differently.

Li ke for the basket, you know, the worse
case woul d be a side drop. However, for the lip the
wor se case woul d be the seat drop throughthe lid. So
basically, you know, | think for one drop in ful

scal e, probably, you cannot represent the entire | oad
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i ssue. Thank you.

MEMBER LEVENSON: It is interesting, the
three of you agree. Hi storically back at the
Manhatt an proj ect days, there was a physicist by the
name of Sam Untermer, who is really | guess is the
i nventor of the boiling water reactor, inlater years.

But he argued it was never necessary to
get nore than a single data point, because physicists
coul d understand everything fromfirst principles, at
one point you just knew where to put the curve, the
shape of the curve cane fromtheory. But you don't
really agree with that.

Any questions for the Staff? Any of the
ot her presenters have questions?

MR.  AMMERMAN: Doug Ammerman, Sandia
National Labs. And | would |ike to make a conment on
t he scal e nodeling. Wat the vendors said is exactly
correct for structural testing.

But if you go and do thermal testing, and
you want to relate the test results of the scal e nodel
to a full scale, it is inpossible. You could use
scal e nodel to benchnark code, you can use the code to
the full scale, directly conpare the results of the
scale nodel test, to the result of the full scale

test.
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For exanple, in Mke's presentation, for
structural inpact he said Gs were this, and you si nply
had to divide by four, in order to -- what the Gs
woul d be for a full scale.

That works fine for structural, but it is
not the sane correlation for thermal testing. The
ot her area that doesn't scaleis |leak testing. If you
do a scal e nodel testing and say the | eak rate was X,
it doesn't tell you anything about what the | eak rate
woul d be, or very little about what the rate woul d be
for the full scale.

Which is why when people do scal e node

testing they say the leak rate is zero. | know how
that correlates to full scale, it is still zero.
MEMBER  LEVENSON: Any comments or

guesti ons?

MR. BRACH: Bill Brach, NRC. Just one
additional comment | want to add. Earlier this
norni ng we were tal king about full scale testing, or
scal e nodel testing, and we were discussing some of
t he needs, or benefits, or reasons conming fromeither
a science perspective, or a safety perspective.

| juts want to nention there is one ot her
aspect that we didn't discuss this norning, but

although it was evident in at |east one of the
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comments we heard, there also is a public interest
per specti ve.

And | will just nmention that within the
NRC, in our strategic plan, |I'm sure you are aware
where strategic goes, is to increase public
confidence. So speaking fromthe Staff's perspective,
we do have to take i nt o context those consi derations,
in addition to the earlier discussion we had on the
science and safety.

MEMBER LEVENSON: Well, | think it is nmuch
broader than that, Bill. | think the Cormittee is
wel | aware that while we nmuch prefer to focus on the
t echni cal aspects, what you have to do, in operating
an agency, is partially technical, and partially
| egal, and partly political, partly public opinion.

But we are trying to focus on the
techni cal aspects. | think we realize that everything
you doisn't purely technical, andit gets nodified by
all the other pressures.

And if it is an act of Congress it is
somewhere at the top of the pecking order. But we are
trying to separate.

MEMBER GARRI CK: M I I, | want to draw Doug
out a little bit on his observation about thernal

versus structural.
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Is the difference because it is nore
difficult to constrain a thermal test? Oherw se |
don't quite -- pardon?

MR. AMVERMAN:. No, it is because thereis
different regimes in a thermal test. The heat
transfer is done by three nodes, radiative,
convective, and conductive. And not all those nodes
scal e the sane nmanner.

The radi ati ve heat transfer scales with
tenperature of the force, conductive scales wth
tenmperature, with tenperature. And so the -- you have
a m xed node of heat transfer scaling | aws becone too
conpl ex.

I f you wanted to say |I'mgoing to ignore
two of those nodes, I"monly going to | ook at, say,
radi ati ve because it dom nates, then you can do scal e
nodel testing. Do a scale fire. Actually, it is
still not very easy, you have to scal e tenperature and
scale time to do a scale fire.

In reality you have a simlar situation
with testing. That when you do a quarter scal e test
you actually have a 4Gfield. But we say that that is
not inportant. So instead of doing quarter scale
test, droppingit froma quarter scal e di stance, we do

a quarter scale test dropping it froma full scale
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distance, in a 1-Gfield, instead of a 4-G field.

It ends up with the same i npact vel ocity.
But where the quarter scal e nodel doesn't behave the
sane as the full scale, it isinrebound. The quarter
scale will rebound nmuch higher, rebounding in a 1-G
field, instead of a 4-Gfield, it is going to rebound
four tinmes as high as you expect it to, scale the
rebound height for full scale.

MEMBER GARRICK: That is partly what |
nmean by constraining, though, is that you design an
experiment where you understand those differences
between the different paraneters.

It seens to nme if you could do that, then
you ought to be able to get the sane benefit. It
sounds like, inthe early days of reactor kinetics we
had sone of the same problens, of trying to properly
constrain the transi ent experinents in such a way that
we coul d real ly do a proper mat chi ng of the neutronics
with the thermal hydraulics.

And as we | earn nore and nore about howto
do that, and howto constrain the experinent, then the
concept such as scal i ng phenonena seemto fall inline
nor e.

And | was just wondering if it was the

same ki nd of thing here.

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

224
MR AMVERMAN: Yes, it is a simlar kind

of thing. You do a replica scale for heat transfer,
it isnot actually the best way to do it, because what
we would really like to do, your replica scale, you
have to scal e tenperature.

Fires don't cone in a wde range of
t enperatures, you get what you get. So to solve that
probl emyou scal e the conductivity. But you can't do
that with the sanme material, you have to change
mat eri al .

So a scal e nodel that you would build for
an inpact test may not be the same scal e nodel that
you woul d use for a fire test.

MEMBER GARRI CK:  Yes, okay, thank you.

MR FISCHER. [I'ma little bit concerned
because it seens |like we've gotten into scal e nodel
testing just using like the pi theorem and so forth.
So | was tal ki ng about physical codes in scal e nodel
t esting.

And when you use a physical nodel, these
things are taken into consideration. | would like to
t hi nk your PRONTO, and so forth, is a physical code,
not just a scale code. I mean, they are doing
physi cal phenonena.

So when you are using a good physical
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code, you get the right answers. The only reason why
you do the scal e nodel testing is just to kind of see
what is going on, and what regions are inportant to
| ook at, and t hat you understand how bolts actually go
in place, and friction between bolts, and will they
unt orque on you, how do these things react.

And i f you went through scale | think you
are cl ose enough to say, yes, | benchmarked ny code,
just like when we do criticality analysis. W don't
have t he exact configuration of what you have in your
cask, but you have sonething cl ose.

And so | don't want to hear us goi ng down
t he road of our scal e nodel testing the way we used to
do. We wote an extensive report on that. Jerry Mach
was the primary author on that.

And we spent a lot of time onthat, and it
never came out as NUREG because there was too nuch
controversy, and so the bottomline is you better be
usi ng a physical conputational code, or otherw se |
don't trust scal e nodel testing.

You have the inertia problem and so
forth, and that sort of thing. So there is not --
that is a different type of test. That is what we
used to do 15 years ago.

MEMBER GARRI CK:  Thi s i s when t he wor kshop
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gets interesting. W've cone a |ong way.

MEMBER LEVENSON: That is why we have
wor kshops, rather than a bunch of just presentations.
Questions fromthe commttee nenbers, or the other
presenters?

MR. RESNI KOFF: | appreciate your all ow ng
us to -- Marvin Resnikoff. | have just two quick
guestions. One involves the presentation that was
made by, | think, NAC.

And it showed that the decel eration of
188, 86-G | think. And now | remenber Law ence
Li vernore study that Holtec, or PFS presented at the
hearing, where it said that the cladding would be
damaged at 63- G

In other words, it | ooks Iike the inpact
of 186- G woul d severely damage the cl adding. 1Is that
your understanding, is the question.

MR. YAKSH. | understand your questi on.
Is the full scale see 188-Gs? The answer is, no, it
doesn't. What you | ooked at there was the quarter
scale. And as Doug pointed out, in order to see what
the full scale G| oad would be, you would divide 188
di vided by 4, which is nmuch | ess than 63.

See, if you are transporting the fue

gquarter scale fuel, you don't transport quarter scale
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fuel, you transport full scale fuel, in a full scale
cask. Therefore the acceleration that would be up
there for the full scale would be one-fourth of that
val ue.

MR. RESNI KOFF: In other words, if you
dropped a full scale cask a 30 foot drop, it would
only have a decel eration of 40-some G? |s that your
under st andi ng?

MR. YAKSH: Yes, sir.

MR. RESNIKOFF: | don't believe that is
true.

MR. YAKSH: Yes, sir, it is. | have two
experts over there that will agree with me, sir.

MR. FI SCHER: That i s what you designed it
for, and I"'msure it does it. That is the problem
when we start tal king about scale tests. And as a
rule of thunb we can divide by four, or whatever, or
mul tiply.

But, again, when we get down to the rea
physics, we need a physics code to run it.

MR. RESNIKOFF: |'m back to the draw ng
boar ds, then.

MEMBER LEVENSON: There i s another thing
we have to renenber, and that is that the nunber of Gs

that the vehicle sees, or the cask sees, is not
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identical to what fuel sees. There is significant
ener gy absorption, many pl aces bet ween here and t here.

MR. RESNI KOFF: The ot her quick question
i nvol ves the type of carriage that the Holtec cask is
going to be on. Maybe M. Fronczak is going to
address this point.

| noticedin one of your views you had two
doubl e axl e carri ages at each end, that is where the
ai rpl ane engine inpacted the cask. But in another
vi ew you had si ngl e doubl e axl e carri ages at each end.

And so ny question is, is it the single
doubl e axle carriage at each end? And if so, are
t hose novabl e carriages, or are they rigid?

MR. SINGH: Marvin, we are not designing
the rail car. The portion of the structure that we
designed is the cradle that is connected to the rai
car. The car, for nodeling purposes, was nodel ed, the
pl atf orm was nodel ed, and the wheel s were nodel ed.

In this nodel it was considered a rigid
body. The one that you saw, with t he engi ne i npacti ng
it, it was nodeled as a rigid body. W wanted to see
if there is no energy dissipation through defornmation
at all, would the cask separate fromthe rail car

We did not focus on the railroad design

aspect of the car.
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MR. RESNI KOFF: Well, maybe M. Fronczak

wi |l be tal king about that.

MR. SINGH [|'msure hew |l enlighten us,
| ater, on these things.

MR. FRONCZAK: W see one desi gn.

MR. RESNI KOFF: What did you say?

MR. FRONCZAK: During ny presentation you
will see at |east one design, which is the private
fuel storage design.

MR. RESNI KOFF: One of your, | forget the
nane of the conpany, TT sonething or other, is the one
that tests these casks, and are they associated with
t he Associ ation of American Railroads?

MR. FRONCZAK: Yes, TT1C, it is
Transportati on and Technol ogy Center, Incorporated, is
a whol | y-owned subsidiary, for-profit subsidiary, of
AAR.

MEMBER LEVENSON: Any ot her questions or
comrent s?

(No response.)

MEMBER LEVENSON: If not we will take a
break a coupl e of m nutes early, and reconvene sharply
at 3: 30.

(Whereupon, the above-entitled matter

went off the record at 3:14 p.m and
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went back on the record at 3:31 p.m)

VI CE- CHAI RMAN LEVENSON: | think we're
ready. CQur first speaker after the break is Chris
Bajwa fromthe SFPO. Chris?

MR. BAJWA: Thank you.

Before | start, | just want to nake a
smal |, short announcenent. In the packages you
received today, there are a set of slides for ny
presentation. Please disregard those slides that are
in there. There is a handout that has the version
that | will be presenting right now. W have extra
copi es of that handout up here on the corner of the
table right next to Tim They handed themout. So
j ust about everyone shoul d have gotten one. If we run
out of those, we can nake nore copies for anyone who
needs them

Al right. M nane is Chris Bajwa. | am
with the Spent Fuel Project Ofice. | ama federal
engi neer. Today | amgoing to talk to you about the
staff revi ewand anal ysi s of the 2001 Bal ti nore Tunnel
fire event.

Inthis presentation, | amgoing to cover
several topics. First of all, | amgoing to tell you
alittle bit about the Baltinore Tunnel fire. Then I

will talk about the staff's coordination with the
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Nati onal Transportation Safety Board, who has primary

responsibility for investigating transportation
acci dents.

Il will tell you about a prelimnary
scopi ng analysis that the staff did. | will alsotell

you about a National Institutes of Standards and
Technology fire nodel that was done to nodel the
Baltinore Tunnel fire. | will tell youalittle bit
about the validation of that NIST nodel. | wll also
tell you about a refined cask anal ytic nodel that the
staff did based on the NI ST data. And, finally, |
wi I | have some conclusions. M goal is to get through
all of this without putting anyone to sleep. So we
will see if we can acconplish that today.

Next slide. Well, they say a picture is
worth 1,000 words. So | have four pictures up here.
That's 4,000 words. | figure |l probably don't have to
say anything nore for the entire presentation.

Anyway, these are sone pictures that were
taken during and shortly after the Baltinore Tunnel
fire that happened |ast year, July 2001. It took
place at the Howard Street Tunnel, which is in
downtown Baltinore, right next to Canden Yards.

That particular tunnel is a single-rail

tunnel. It's about 1.65 mles in length. And, just
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to go through the pictures here, this is the east
portal of the tunnel. The train that was traveling
t hrough that tunnel at the time was a CSX freight
train. It derailed. And a fire ensued after the
derai | ment.

It was traveling through. This is the
entrance, the east portal. This particular car was
renoved after the fire. This car is a triprophylene
tanker car. Triprophyl ene was the fuel that actually
spilled out and ignited.

This is a hole that was inthe car. It's
about 1.5 inches in dianmeter. That hol e was punched
in the car when the car itself derail ed. It was
bel i eved t hat t he braki ng mechani smbroke, fli pped up,
and punched a hole in the car. And that is where the
tri prophyl ene spilled out.

Thi s picture up here was taken at t he west
portal during the fireitself. Obviously you can see
there is a fair amount of snmoke. And down there this
is the west portal after everything was cleaned up.
And you can see the difference between these two
pictures. This is the sanme portal.

Next slide. As | said before, the NTSBis
the |ead agency for investigating transportation

accidents. The comm ssion and the staff requirenents
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menor andum asked the staff of FSPO to |ook at and
anal yze the Baltinore Tunnel fire and see if it had
any inpacts on transportation of spent nuclear fuels
specifically and also if there were any regulatory
inmplications for this particular event.

W net with NTSB and have net with them
several tines. The first time we net with themwas in
Sept enmber of 2001. At the tinme, NTSB indicated that
they would ook into the fire and wanted to quantify
the thermal conditions that were found in the fire.

Later they decided that the derail nent,
t he cause of the derail nent, was actually a primary
concern to the NTSB. They ki nd of changed their m nds
and deci ded they woul d not look into the fire, which
makes sense because the derail ment caused the fire.
And so the cause of the derailnment is what the NTSB
was interested in.

So the staff decided that our main
interest was the fire because we believe that would
have the biggest inmpact on the spent fuel
transportation cask. So we deci ded t hat we woul d | ook
at the fire and anal yze that.

The NTSB provided information, data,
techni cal expertise on rail events. They also made

the rail cars that were taken out of the tunnel after
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the fire available for our inspection. And we were
able to take sone sanpl es and | ook at the danage t hat
was done.

Now, in order to get our hands around this
particul ar acci dent, we decided that we wanted to do
a prelimnary scoping analysis to kind of see how a
spent fuel transportation cask m ght react if exposed
to a severe fire. W also wanted to nake sure that
t here wasn't an i mredi at e concern over t he perfornmance
of the cask if it were in, say, a tunnel fire
acci dent .

W sel ected t he Hol t ec HI - STAR cask, which
Kris Singh told you about earlier. So you obviously
have a | ot of detailed information on what that cask
| ooks Iike. Part of the reason we picked it isit's
a certified cask, one that the NRC has certified for
use.

The second reason is that it's likely to
be extensively used. Specifically, if private fue
storage at that particular site is licensed and
operational, therew || be hundreds of shipnments using
the Holtec H -STAR cask. | developed a HI-STAR
anal yti c thermal nodel usingthe anisys finite el enent
anal ysi s program

You heard probably a little bit about 10
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CFR Part 71 and specifically Section 73, which tal ks

about the hypothetical accident condition for spent
fuel transport casks. This condition is a fully
engulfing fire at aflane tenperature of 1,475 degrees
Fahrenheit for 30 m nutes. That is what every cask
that the NRC certifies has to neet. That's a
condition in the regul ations.

VWhat | didfor this particular analysisis
| chose 1,500 degrees Fahrenheit. And | ran this
anal ysis for seven hours. So the spent fuel cask that
| was analyzing was fully engulfed for 7 hours at
1, 500 degrees Fahrenheit.

The schematics that M. Singh showed you
are alittle bit nicer than mne. So | amjust going
to run quickly through these. This is the H -STAR
cask. The MPC, the nulti-purpose canister, is where
the fuel is actually stored. That is a welded, sea
wel ded, pressure vessel. This is the over-pack in
which the MPC resides. VWhat is missing fromthis
pi cture obviously is the inpact limters.

Next slide. For this prelimnary scoping
anal ysi s, we had boundary condi ti ons of convection and
radi ati on on the outside. And internally conduction,
radi ati on, and convection were also accounted for.

The initial steady state thermal conditions, nornma
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conditions for transport, were 100 degrees Fahrenheit.
We let the cask reach a steady state tenperature on
t he i nsi de wi th 100- degree anbi ent tenperature on the
outside. There is a 20-kilowatt heat generation on
t he inside.

Gven that we didn't know the thernmal
conditions that were present in the tunnel at that
time, we chose the engulfing flame tenperature to be
1,500, whichis slightly above the 7,173 requirenent.
For the fire, we increased the convection heat
transfer on the surface of the cask in order to
sinmulate the fire environment, which is a turbul ent
fire environment.

Next slide, please. Qur conclusions from
that particular prelimnary analysis were the
foll ow ng. W determned that there would be no
cladding failure for the fuel that was in that spent
fuel cask that was in that fire. That was based on
the tenperaturelimts, short-termtenperaturelimts.

There's no canister failure based on
stresses at tenperature and on the creep criteria.
And if those two are true, then there would be no
radi oacti ve rel ease, which is what we bel i eve woul d be
t he case for this particul ar anal ysis. So now what do

we do?
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Havi ng conpl eted a scoping anal ysis, we
got a general feel for what the cask m ght do when
exposed to severe fire. W wanted to get a better
pi cture of what actually happened in the Baltinore
Tunnel as far as what kind of a fire there was.

In order to get a better picture of that,
we went to the National Institute of Standards and
Technol ogy. We contracted with themto quantify the
thermal conditions that existed in the tunnel during
t he event.

For this, N ST used the fire dynamc
stinmul ator code. It is acomputational fluiddynamcs
code that nodel s conbustion, heat rel ease rates, and
gas flowin a variety of fire environnents. It has
been used with very high success on the reactor side
to nodel fires in the reactor nuclear power plants.

For this project, the anal yti c nodel used
by N ST was validated using data obtained by the
Federal Highway Adnministration in their Menorial
Tunnel test program FHA tested several different
sizes of fires in an abandoned tunnel in order to
quanti fy what ki nd of tenperatures you woul d see, what
kind of flow reginmes you would see in tunnels. So
NI ST validated the code using data from these

experiments.
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The analysis results fromthe NI ST fire
nodel were input into the staff's revised cask
analysis nmodel. | will be talking a little bit nore
about this in a few m nutes.

The Howard Street Tunnel fire nodel. What
exactly did NIST do? First of all, they used a
comput ati onal grid that extended the entire | ength of
t he Howard Street Tunnel. So they nodeled 1.65 mles
of the tunnel in FDS. They obviously used a finer
gridinthe areas of concern surrounding the fire and
inthe rail car areas imediately in the vicinity of
the fire.

They nodel ed therail cars inthe derail ed
confi guration. The NTSB provided a diagram that
showed how the rail cars were laid out after the
derai |l ment had happened. And NI ST used that in order
to nodel the rail cars in their fire nodel.

The combusti on of hydrocarbon fuel, which
tri prophylene is essentially a hydrocarbon fuel, that
was nodel ed al so. There was no ventilation in the
tunnel at the tinme of the accident. The ventilation
systemwas not operating. So the N ST nodel did not
use any ventil ation.

Fi nal |y, t he NI ST nodel reached

essentially spent fuel steady state conditions in
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about 30 m nutes. As soon as they Iit that fire off,
it took about 30 minutes for it to teach its steady
state conditions; in other words, the maxinum
t enperature conditions.

Next slide. This is an animation of the
Howard Street Tunnel fire nodel from N ST. | don't
know exactly why that is not working, but we do have
the .avi of that if you want to see that. | don't
know why it is not working at this point.

The tunnel fire nodel, what you woul d see
if it were working, basically the triprophyl ene poo
was right here. The fire was flam ng up between two
cars. There were two cars on either side, this being
the triprophyl ene tanker car. | don't know why it's
not working. Anyway, we do have sonme data fromthat
inalater slide. Sol wll be able to showthat to
you.

One of the thing that you will notice is
that the tenperatures in this particular fire nodel
wer e obviously at the highest up here at the top of
the tunnel. Because the fire was shooting up between
these two cars, it was inpinging directly on the
tunnel and then spreadi ng out al ong the | ength of the
t unnel .

The one thing to say about this nodel is
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that it does have a grade. Going fromthis direction
tothis direction, thereis aslight upward grade. So
the tenperatures of the fire would actually be a
little bit higher on this side of the car than on the
down wi nd si de.

Next slide. Now, unfortunately, |
couldn't show you an animation of that, but we did
want to make sure that we would confirm the N ST
results. What did we have there to help us confirm
the NI ST results? W had physical evidence fromthe
tunnel itself.

There was a fire. There were burned rail
cars. There were bricks that had fallen down during
the fire. There was a | ot of physical evidence. W
contracted with material and fire experts at the
Center for Nuclear Wste Regulatory Analysis to
anal yze sanpl es fromthe tunnel and al so sanpl es from
the rail cars that were renmoved fromthe tunnel.

The center staff perforned netall urgical
anal yses on several material sanples and conmponents
renoved fromthe rail cars that were in the tunnel
during the fire. Sothe center's experts were ableto
| ook at what cane out of the tunnel and determ ne what
kind of tenperatures those particular physical

witnesses to the fire had seen
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The anal yses conducted by the center
i ndi cated that the tenperatures predicted by the NI ST
nodel were consistent with the physical evidence that
was anal yzed. So we had a reality check on the NI ST
nodel, and it |ooked |ike the N ST nodel was
consi stent with the physical evidence that we sawfrom
t he tunnel.

Next slide. So nowwe have sone data from
NI ST. What do we do with that? W applied the data
fromN ST to two separate assessnents of a spent fue
transportation cask finite elenment analysis nodel.
The first assessment was with the cask center 20
neters, or approximately onerail car | ength, fromthe
fire. The reason we chose that is that per federa
regul ati ons, any radi oacti ve materi al package nust be
at | east one box car away fromany hazardous materi al s
package. So, in reality, because the Howard Street
Tunnel was a single rail car tunnel, it would be very
unlikely for a spent fuel cask traveling through that
tunnel to come any closer than one box car's |ength
away froma fire.

Now, just to put alittle bit of a bound
on that, we al so | ooked at the cask | ocated adj acent
tothe fire, five neters fromthe fire to the center

of the cask.
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Models we wused are 2D cross-section
nodels. | will show you sonme details of that in the
next few slides. W did also nodel the support
cradle, which Holtec, M. Singh showed you in the
Hol t ec presentati on.

Finally, we have a 3D nodel that is under
devel oprment to better characterize the conditions that

were in the tunnel and howthey woul d af fect the spent

fuel cask.

Next slide. This is the refined cask
nodel . We actually have a 24 fuel assenbly basket.
This particul ar nodel has about 27,000 el enents. It

explicitly nodels all of the gaps and the various
features of the basket: the MPC, or nulti-purpose
cani ster; the gammua shiel ds, gamma pl ates, which are
carbon steel plates, the whole Type A neutron shield,
and the stainless steel outer skin.

Next slide. This is a closeup of one of
the fuel <cells, fuel assenblies. W do use a
honogeni zation for the fuel assenbly itself and use an
effective thermal conductivity that is based on
verified with data.

This i s some of the basket details. These
here are the basket supports. And then you have the

stainl ess steel support plates. This in here is
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hel i um And then on the sides here, you have the
boral plates held with criticality control

Next slide. Now, this graph is actually
alittle bit hard to see. It will be alittle bit
better in your packets. What this plot shows is the
maxi mum tenperatures that we derived fromthe N ST
data. It is actually nore to show you the trend and
how we appl i ed our boundary conditions to our refined
cask nodel

You see up here that you have t he maxi num
tenperatures at the top of the tunnel. This is from
the upward slopeisinthis direction. The fireis at
zero. That is wherethefireis |located, zero neters.
And then there is a scale on each side of distance,
the top of the tunnel, top of the rail cars, sides of
the tunnel, wall tenperatures. And then you go down
to the floor of the tunnel down here.

As you can see, tenperatures are hi gher on
the upward side of the fire. That is to be expected
because there is a little bit of flow

MEMBER GARRI CK: Chris, what would you
expect those curves to | ook | i ke if your nodel assumed
ventil ation?

MR, BAJWA Well, wventilation would

i ntroduce obviously nore oxygen to the fire. Most
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likely fire tenperatures would be higher if you
i ntroduced nore oxygen

Next slide, please. Again, this slide,
unfortunately, will bealittle hardto see, but it is
in your handouts. This is the maxinum ionic
tenperatures as a function of time for the 20-neter
case.

Basically, the thing to | ook at here, a
couple of things to point out. For the fuel
tenperature, the fuel really doesn't start heating up
for about 15 hours into the fire transient when it's
di spl aced 20 neters fromthe fire source.

The fuel exceeds the 1,058 short-term
temperature limt, 1058 Fahrenheit, at about 116 hours
into the transient. That's, of course, assum ng the
maxi mum fire tenperature for that entire length of
tinme.

Next slide, please. These are the maxi mum
conmponent tenperatures as a function of tinme for the
five-neter distance. Cbviously if you nove cl oser to
the fire, your tenperature is going to go up. That is
what we see happen here. It is not unexpected.

One thing to point out is that fuel
tenperatures still take about ten hours before they

start to ri se from their nor nal condi ti on
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t enper at ur es. In this case, we extend the 1,058
short-termtenperaturelimt at 37 hours. Again, that
is for continuing the fire at its maxi numtenperature
for that amount of tinmne.

One of the things to point out is that the
short-term tenperature limt is by no neans the
temperature at which the fuel bursts open. The
short-termtenperature Iimt is actually determ ned
experimental ly where they exposed fuel cladding to
t hat tenmperature for an extended period of time. And
for periods of tinme from30 days to 70 days at 1, 058,
they saw no significant cladding degradation or
failure. Soit isnot alimt where you reach it and
you bl ow up, but that is the limt that we currently
accept for short term

Next sli de. This is basically just a
summary of what | just told you. For 20 nmeters, we
are at over 100 hours for exceeding the short-term
temperature limt. For five neters, we are over 30
hours.

And tine to canister failure is also
sonmet hing that you want to | ook at because if your
canister fails, then you have a possibility of
radi oactive release. If you fail your fuel and you

don't fail your canister, nost |ikely nothingis going
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tocone out. It will be a heck of a ness to cl ean up,
but you won't have a radioactive rel ease.

Usi ng stress and creep st andards fromASME
tolook at time to failure for the canister, whichis
a wel ded pressure vessel. For the 20-neter case and
the 5-meter case, it's about the same. We are | ooking
at over 30 years at tenperature before this thing is
going to fail. So we don't believe that that in this
particul ar case is a problem

Okay. Let's seeif this one works. Wuld
you click on it? Not working. Could you try using
t he pad ot her than the nouse? G ve that a shot. They
were working earlier.

Anyway, what you would see, this is an
animati on of the five-nmeter case. What we ended up
doing here is we took the top third of this particul ar
cask and appli ed t he boundary conditions at the top of
the tunnel. Then we took the third side, one-third of
t he side, and used the wall conditions fromthe N ST
data. Then for the bottom we used the conditions
fromthe bottomof the rail car fromthe N ST data.

Now, what is interesting about this is
this particular cradle is basically a box. So you
have convection going on inside that box due to the

temperature. So that was nodels in our particular
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nodel .

The other thing to note is when you are
five meters away fromthe fire, nost likely the fl anmes
are going to be traveling over the inpact limter and
will have a direct viewof the cask itself. W nodel
that in this particular nodel, and we get it running
and are able to show you.

What you will see is that the tops of the
cradle actually heat up because they have a direct
view of the flames poring over theinmpact limter. It
has a direct view of the cask, m ddle of the cask.

Next slide, please. It is clear fromthis
analysis that for this particular fire case, the
particular fire that we anal yzed, the cask nai nt ai ned
structural integrity. And fuel failure is not
expected until well within the transient, if at all.

Currently it is believed that the nost
severe portion of thefireinthe Howard Street Tunnel
was wWithin the first three hours and that the burning
that occurred after that tinme was actually in the
nonhazardous cargo. There were a nunber of box cars
that had paper, paper products in them Those
obviously ignited at sone point and burned but at a
much | ower tenperature than the triprophylene.

The consequences of a spent fuel cask
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being involved in a fire such as the one that occurred
in the Howard Street Tunnel are minimal. And, as a
result, the health and safety of the public woul d have
been protected if such an event had occurred, such a
fire had involved a spent fuel transportation cask

Further, the Association of American
Rai | roads has devel oped a performance standard for
transporting spent nuclear fuel by rail. And that
standard wi I | nost |ikely prevent hazardous materi al s,
such as tri prophyl ene or kerosene, frombei ng shi pped
on the sane train as a spent fuel cask. Bob Fronczak
is going to talk about that. So I won't steal any
nore of his thunder.

The staff's prelimnary concl usionis that
additional regul atory requirenents are not requiredto
protect spent fuel shipping casks fromseverefiresif
current regul ations are followed. Follow ng the AAR
performance standard for shipping of spent fuel wll
add an additional margin of safety to the shipnent of
spent nucl ear fuel.

VI CE- CHAI RVAN LEVENSON:  Thank you.

M ke?

MEMBER RYAN: Chris, this is a question
out of ny own ignorance. Wuld you tell me alittle

bit nore about this 1,058 criteria? | realizeit's a
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criteria, but how does that relate to fuel failure
ultimately in a fire circunstance? Do we know that?

MR. BAJWA: Bill my be able to add to
what | would say. The 1,058 criteria is what we
currently use in our reviews as the short-term
t emper at ur e.

MEMBER RYAN: " Short-terni bei ng howl ong?

MR. BAJWA: "Short-ternt being 30 days.

MEMBER RYAN:. Ckay.

MR. BAJWA: That is a short-termlength.
It was verifiedexperinentally since that fuel did not
fail or it did not degrade noticeably for periods of
30 days. So that's where the 1,058 comes from

As far as tenperature at which spent
fuels, there are burst pressures that can be
cal culated. | don't know exactly what those are.

MEMBER RYAN: So the 1,058 is not a
threshold failure nunber? 1It's a regulatory nunber
t hat has conservatisns in it?

MR. BAJWA: That is correct. Yes.

VI CE- CHAI RMAN LEVENSON:  John?

MEMBER GARRI CK:  Were your results pretty
much i ndependent of the age and burn-up of the fuel
and the possibility of damaged fuel ?

MR. BAJWA: The anal ysis that we did took
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into account the fuel that was certified to go into
the cask. So we did not | ook at damaged fuel. W did
not specifically |look at high burn-up fuel.

MEMBER GARRI CK:  Okay. Thank you.

VI CE- CHAI RMAN LEVENSON: O hers? o
ahead.

MEMBER WYMER: | have a question. The
Hol t ec cask uses al um num honeyconb inpact limters
wrapped in steel. What assunptions, if any, did you
make about what happened to the alum num at those
t enperat ures?

MR. BAJWA: W were | ooking at the center
line tenperature of the cask. So the al um numi npact
limters didn't actually play into the analysis per
se. W were |looking at a cross-sectional.

MEMBER WMER: | woul d think they woul d
have because if the al um numhad, for exanple, nelted
-- | don't remenber themnelting al um num-- then the
whol e thi ng woul d have sagged. It would have been a
di fferent geonetry, would have checked the fire.

MR. BAJWA: It is possible. The other one
actually nelts at 600 degrees. The cradle itself
supports. | don't believe that that design rests on
the inpact limters. | believe the cradle supports

the cask. So they could nelt, and they would in this
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case. But the cask itself probably would not nove
fromthe cradle.

MEMBER WYMER: The cat's cradle. One
ot her question. Suppose there had been a |l ead shield
at the cask. How woul d that have changed the results
since it circul ated?

MR. BAJWA: Probably the biggest result --
and this is kind of specul ati on because we didn't | ook
at it, obviously. The biggest result would be that
you would nelt the lead and |ose your shielding
capability. | could not say what kind of structural
consequences there would be to | ead.

The one thing, though, is that the |ead
woul d absorb quite a bit of heat trying to nmelt. So
you woul d have a heat sink, at least for a certain
amount of tinme, while lead was nelting in there.

MEMBER WMER:  Thanks.

VI CE- CHAl RVAN LEVENSON:  Questions from
the ACNW staff? Any questions? Cone to the
m crophone and identify yourself.

MR, HODCGES: "' m Wayne Hodges from the
Spent Fuel Project Ofice.

One thing that is crisp he kind of
mentioned in passing but is probably inportant to

point out a little bit, the calculation he did was
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assum ng that this maximumfire tenperature went on
essentially indefinitely. In the Baltinore fire, we
know that based on what events occurred, that the
intense fire lasted probably for about three hours.

If it had not had a water main break
which tend to cool things down, based upon how nuch
fuel you had in the tank car, the fire probably woul d
have | asted nmaybe six and a half hours.

So even for the worst case, where you got
to burn all of the fuel in the tank car, it is not
going to goonindefinitely. And, if yourecall from
his anal yses, you didn't start eating the fuel up
until for the case where you are a tank car away unti |
ten or nore hours inthe tank. Inthereal world, you
are already out of fuel by that time and things are
starting to cool down a little bit.

So, even though it is a better analysis
t han what was done initially, it is still sonewhat a

very bounding analysis and shows a lot of nargin

t here.

MR. BAJWA: Thanks, Wayne. That is a very
good point.

MR. REZNI KOFF: Marvin Rezni koff. | have
a qui ck question. First of all, I found the anal ysis

very inpressive. happened to the neutron shield that
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was around the cask? How would the neutron doses
increase if that material nmelted? And what woul d be
the effect on fire-fighters?

MR,  BAJWA: Very good question. Most
anal yses assune that the neutron shield nmelts during
the fire. And then they will assunme --

MR.  REZNI KOFF: Your analysis assumned
t hat ?

MR,  BAJWA: | believe that we actually
left the neutron shield intact during the fire to
i ncrease the anount of heat that was getting into the
cask. Sonetimes what is done is it will be replaced
by air, which actually gives you a nore insulative
boundary to the heat that i s noving into the canister.
So | believe for the fire analysis, we actually left
it intact.

MR. REZNIKOFF: Inareal-life situation,
it mght nmelt?

MR, BAJWA: If it reached the nelting
tenperature, certainly, yes, it woul d.

VR. REZNI KOFF: Then | know one
consi deration is what woul d happen to the fuel. That
is what you are | ooking at. But | was aski ng anot her
guestion. What woul d happen to energency responders.

How cl ose coul d they get to a cask? That is why | was
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aski ng that question.

MR. BAJWA: W obviously didn't ook into
that in this analysis, but that is definitely
sonet hing that should be considered in the future.

VI CE- CHAl RVAN  LEVENSON: Any ot her
guesti ons?

MEMBER KOBETZ: Hang on a second. W're
going to be able to show you this picture.

MR. GRUMSKI: | just have one nore point.
| think that the inportance of this presentation is
that the administrative controls that are put on
shi prents and, |ike any nucl ear power plant, if you
wor ked i n a nucl ear power plant, there are engi neering
controls, which would represent the cask design and
protection of the cask; and there are adm nistrative
controls, which is how you ship spent fuel

You are not going to ship spent fuel with
that type of shipnent in a tunnel like that. It is
probably going to be in private train service and
special train service. Those controls are regul ated
not only by DOT, the NRC, but al so the shipper.

So sonething he really needs to bring out
in his presentationis that scenariois very unlikely
inareal world on the train shipnents because it just

won't happen. There won't be that train next to that
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car. And | think that needs to be brought out.

Ch, I'msorry. M nane is Ken G unski.

MR. FRONCZAK: Bob Fronczak wth AAR

The scenari o he brings upis very possible
if we were to shipinregular train service under the
current just general regulatory scheme. | agree with
you, and | am glad you pointed out that had you
followed our performance standard and shipped in
dedi cated trains, you wouldn't have had that fuel
source there. But if you were to ship just in regular
freight service under a current regul atory scenari o,
that is a very real possibility.

MR BAJVWA: Well, look at that. Al
right. This is what | wanted to show you before.
This is the NIST fire nodel. GCbviously the source of
triprophylene is down here at the base of this car, in
bet ween these two cars here.

What | was expl ai ni ng before was you see
the fire inpinging directly on the top of the tunnel
and t hen spreadi ng out. What you are not seeing here,
of course, is tenperatures. And you're not really
seeing flow But you can see sort of how the fire
behaves given the flow reginmes that are being
experienced there

CHAl RVAN  HORNBERGER: Not seei ng
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tenperature, not seeing flow, what are we seei ng?

MR. BAJWA: You are seeing avisualization
of what is conmbusting in there. GCkay? Now, what you
are going to see here is the top of the cask is
obvi ously going to heat up the qui ckest because that
is going to be the highest tenperature regime. Down
on the sides, there will be a |lower tenperature
regi nme.

Then down on the bottom towards the
begi nning of the fire, you actual ly have sone cooling
down here because the fire is sucking some air inin
order to feed itself. So you have air flow ng past
this cradle and actually coolingit domnalittle bit.
Here on the sides, you see the heating up of the
cradle due to the direct view that it has of the
flanmes that are on the top of the cask.

This sinulation was run for 150 hours.
You can see when you consider 150 hours, it takes
quite a while for that heat to work its way down into
the fuel. The fuel itself obviously and the cask,
this whole unit, has a very high thermal inertia if
you want to use that word. It takes along tine to
heat it up and get the heat to go through the
different layers and into the fuel basket.

That's it.
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VI CE- CHAIl RVAN LEVENSON:  Thank you.

Qur next presentation is by -- oh, I'm
sorry. M crophone, please.

VR GUTHERMAN: Brian CGutherman from
Hol t ec.

| just wanted to add a little nore
perspective to the 1,058 tenperature. The value for
ECCSin operatingreactorsis 2,200 degrees Fahrenhei t
to give you some perspective that there is al nost
1,000 degrees there or 1,200 degrees. The nelting
poi nt, zirconiumor zircall oy cl addi ng, i s some nunber
of degrees above that. So | just wanted to of fer that
up for perspective.

VI CE- CHAI RVAN LEVENSON:  Thank you.

M5. GUE: Could | comment?

VI CE- CHAl RVAN LEVENSON:  Yes.

M5. GUE: Sorry. I'll be quick. Lisa Gue
with Public Gtizen again.

| guess | just wanted to take issue here
wi th the conclusion statenent that the health and the
safety of the public are protected. | understand t hat
it is a very inportant consideration, the inpact of
this kind of |ong-duration fire on the fuel itself,
but the way this study has been presented, just as a

bl anket concl usion that there would be no radiation
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rel eased that coul d be damagi ng to the public when it
hasn't even been taken consi deration the effect onthe
shi el ding and how that m ght inpact energy response
efforts is another exanple of how I think the NRC
| oses the confidence of the public inthe studies that
it does by presenting sonewhat m sleadingly the
studies that are carried out.

So | guess | just want to put that out
there as an exanmple for the purposes of public
conmuni cation, howit's really inportant to clearly
conmuni cate what was being studied, what was being
tested, and limt the conclusions, then, to those
paraneters.

Thank you.

VI CE- CHAIl RVAN  LEVENSON: Any ot her
conment ?

(No response.)

VI CE- CHAl RVAN LEVENSON: | f not, our next
speaker is Robert Fronczak from AAR

MR. FRONCZAK: Hopeful |y we have got t hese
technical difficulties solved by thislate hour. | am
very inpressed with the nunber of people that are
still here.

My nane is Bob Fronczak. | am not a

testing expert. | amnot a nodeling expert, though I
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have been around the railroad industry for about 25
years. So | know a little bit about railroads.

First slide, please. Wat | amhere to
tal k about or what | have been asked to tal k about is
t esting. | want to cover some of the AAR cask
testing, at |east analysis work that we did, focus on
four things that we came up with as issues, crush
| oads, collisions with structures and falls, therm
event frequencies, and structural strength of rail
cars, and then go a little bit into our performance
standard for spent nuclear fuel.

Next slide. As far as cask integrity

goes, we for many years -- and sone of you may
remenber this -- had a recommended practice in the
rail industry where we recommended spent fuel ought to

be shipped at 35 miles an hour with a standing pass
rul e, which nmeans that if one train nmet another train
carryi ng spent nucl ear fuel, one train needed to stand
whil e the other one passed it no faster than 35 niles
per hour.

That was all based on the 30-foot drop
test, which accelerates a cask to 30 mles an hour.
Rai | roads are very conservative, and we felt that this
was kind of a bet the conpany kind of issue.

Wth upcom ng shipnents, figuring that
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Yucca Mountain was going to open in 1996 or 1998, we
comm ssioned a couple of reports to analyze what we
felt was the state of the art on communicating to the
public what testing, what the NRC testing, neans to
the actual environment. So we |ooked at the npda
study very cl osely.

We conmi ssioned two reports. One was done
by Transys or Gordon English, et al. The other was
done by Jim Rock at the Texas Transportation
Institute. Both of those have al ready been presented
or given to NRC. | think | talked about this in
preparation for the package perfornmance study about
two years ago.

Next slide. The conclusion of those
reports. The Transys report was that there are sone
acci dents that m ght not be able to withstand forces
in railroad accidents. One thing, to change our
reconmended practice, that was not good enough. So we
conmi ssi oned anot her report.

What we | ooked at is the consequences of
an accident if one were to occur with the rel ease.
That report determned that if you di d have a rel ease,
that public health wouldn't be affected in a nmjor
way. Again, that is assum ng that nobody is right

next to the cask if that incident were to occur.
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Next slide. Some of the things that we do
guestion or at least we think a little bit nore work
ought to be done on, -- and, again, | talked about
this a couple of years ago -- crush | oads. Crush
| oads are not required by NRC tests presently. Rai
by definition is multiple packages being transported
altogether. |In derailnment, we feel that crush | oads
are a very real possibility. So we do feel that crush
| oads ought to be consi dered.

One study | ooked at frequency of incidence
of crush loading at one-tenth of that of inpact
| oading. And only .8 percent experienced i npact with
a coupler or significant frane mnenber of other
vehi cl es.

Next slide. You can slice this many
different ways. One way to look at it is that three
percent of trains and accidents in 2001 derail ed nore
than five cars, many of the accidents, 70 percent,
|l ess than 5 cars but 3 percent nore. As the speeds
increase in derailnments, you derail nore cars. So,
again, you can go through this many different ways.
As the speeds i ncreased, those woul d be the accidents
t hat woul d be of nore interest.

So that is one area we feel needs alittle

bit nmore work. Perhaps sone of that work is al ready
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bei ng done as a result of our previous coments.
CHAl RVAN  HORNBERGER: Robert, out of
i gnorance, ny own ignorance, that is, by "crush

| oads, " are you tal ki ng about one car piling on top of
the other? |Is that the mechani sn®

MR. FRONCZAK: That's exactly what we are
tal king about, yes. Again, it's a requirenent for
smal | packages. | think the idea is that the
i kelihood of a crush load with a |arge package is
pretty small, but we feel in a North American rai
environnent that that is a real possibility. You're
talking about fairly heavy | oads. | nean, the
standard rail freight vehicle is centered in 63,000
pounds today going to 286.

MR. FISCHER: | do want to point out in
the nodal study, we |ooked at a GE. |oconptive
| andi ng on top of the cask. It did nothing to it,
very little. That isinthe report. | think that was
a three or four hundred ton |oconotive. So we did
look at it. W felt a |oconotive was the heavi est
thing that could land on it. So we did |ook at it.

MR. FRONCZAK: And it was a crush
acci dent ?

MR FI SCHER:  Yes.

MR. FRONCZAK: Okay. That is not what our
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consul tant found.

Sim | ar sources of informationthat we can
go to to look at this, this topic, is the FRA
dat abase. That includes the nunber of cars invol ved
in derailments. Also, there is the AAR-RPI tank car
safety research and test project. That is an
over - 30-year database of over 30,000 damaged tank
cars.

To get at the data that we are | ooki ng at
woul d require going through -- we don't want to have
a search for crush loads in that database that woul d
requi re going through individual records manually to
get at that data, but it is avail able.

Next slide. The nodal study used hi ghway
data to evaluate inmpacts with structures and falls.
W feel that the railroad environment is a |ot
different by road. Roads go basically according to
what ever the grade is. It will go over hill. And by
rail, you can't do that. Rail, the maxi numgrade is
about two, two and a half percent. So there are a |l ot
of cuts and fills. W figured that we probably
underesti mated frequency of rock cuts, frequency of
i npact with enmbanknents, water crossings, and | arge
structures.

Next sli de. As far as thernml event
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frequencies, the nobile study |ooked at 81 percent
fires | ess than one hour, 99 percent of the fires | ess
than 7 hours. Although the Eggers data was actually
eval uated and not used, they | ooked at 50 percent of
the fires less than 11 hours and 9 percent of the
fires less than 130 hours. W felt that the Eggers
data woul d have been a nore conservative choice.

Point to one railroad incident, which in
1996 the fire | asted 18 days or 360 hours. That was
i n Weyauwega, Wsconsin. It was an LP gas derail nent.
W had the town evacuated for that anmount of tine.

Next slide. As far as the structura
strength of rail cars, the nodal study used 100, 000
pounds per foot or amllion pounds for a 10-foot-w de
| oconotive and 1.6 m | lion pounds for a 16-foot-Iong
cask. The | oconotives are designed to withstand one
mllion pounds of force at the coupler wthout
per manent deformation. CQur finite elenent analysis
indicated that three mllion pounds woul d be applied
at the coupler height and ten mllion pounds at the
frame's neutral axis.

Next slide. The next thing | wanted to
talk about is our performance standard for spent
nucl ear fuel trains. This standard is a little bit

different than npbst other standards that we have in
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our manual standards and reconmended practices inthat
it includes all the cars onthe train. Most newcars,
the car itself, need to be designed and tested. This
one, all the carsinthe train, including buffer cars
and | oconotive and security cars, will be tested.

Require stati c and dynam ¢ nodel i ng before
construction requires full-scale characterization
both static and dynam c testing of each car and the
train. That is all done at atest facility before the
car is actual ly approved by AAR Equi pnent Engi neeri ng
Conmittee. And then it needs to be analyzed or at
| east a report needs to be submtted after 100, 000
m | es of operation just to make sure that it is still
neeting the standard.

Next slide. The road worthiness criteria
or performance requirenents in the standard exceed
standard freight car designs today. So you need an
enhanced performance truck to neet the designcriteria
in this new performance standard. It also requires
electronically controlled pneumatic breaks. That
reduces st opping di stance significantly. In aloaded
coal train, you are tal ki ng about 30 percent benefit
in stopping distance.

W envision a fairly short dedicated

train. So you wouldn't get all of that benefit in
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stoppi ng di stance. \What that does provide you is a
conduit between all the carsinthetrainfor on-board
noni toring of sone defect paraneters.

Next slide. The performance standard
requires nonitoring for things like truck hunting,
where the trucks will actually go back and forth
Again, that is a node of derail nent. Wheel flats, you
m ght hear that as cars go by, as that wheel pounds.
That is another node of derail ment.

Braki ng performance, vertical, |ateral
| ongi tudi nal acceleration. So as that thing is going
up and down or sideways on the track, we wll be
noni toring that.

Bearing conditions. W have hot box
detectors, spaced periodically along the tracks to
| ook for hot bearings. This will nonitor the actual
beari ng tenperature on board and will be able to stop
that train if there were an increase in tenperature
before anything were to occur as well as speed and
ride quality.

Next slide. This is kind of a schematic
di agram of how we envision the system Show ng two
| oconotives here, that is not necessarily because it
needs it for weight but primarily for redundancy in

case you had a failure en route.
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You are |looking at a buffer car between
any occupi ed vehicle and a first cask car. That needs
to be of consistent size and wei ght of the other cars
in the train because you are |ooking at a 200-ton
| oconotive here and a 200-ton spent nucl ear fuel cask
car over here.

Then a security car at the end. Ve
believe that the security car ought to be a personnel
car or actually probably a retrofitted passenger car
to al |l ow permanent occupancy of the people that woul d
be escorting the shipnents. You don't have to get
t hose people on and off en route. And then you have
got t he enhanced perfornmance truck and t hen t he def ect
det ecti on equi pnent throughout the entire train.

Next slide. There are sone other
performance features that we have inplenented to be
able to allow us to rescind our 20-some-year-old
recommended practice. One of those is OI-55, "These
shipnents will be done in accordance with OT-55."
That is our reconmended operating practice for
hazardous materi al s.

In OT-55, there are increased track and
equi pnent inspection requirenents, increased defect
noni t ori ng. In other words, there are waysi de hot

beari ng det ect ors spaced nore frequently than on ot her
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sections of track, increased maintenance frequency,
i ncreased enpl oyee training, and there is a maxi mum
speed limt of 50 mi|es per hour. So, whereas, before
we were recomendi ng 35 m | es an hour with a standing
pass, now we are reconmendi ng 50 mles per hour with
no restriction, passing restriction.

Tonmorrow | don't knowwhat Kevi n Bl ackwel |
has to talk about, but FRA has got their safety
conpl i ance oversi ght plan. That has a bunch of ot her
| guess extra-regulatory kind of requirenents for
i nspection of spent nuclear fuel, high-level waste
shi prment s.

Next slide. The Private Fuel Storage is
the first organization to design to the new
per formance standard. Their cask car is being
manufactured or it has been manufactured, the
prototype, by Trinity Industries. The overall wei ght
of that cask car-cradl e conbinationis 476, 000 pounds.
It's very nmuch heavier than a typical rail car

The nodeling and characterizati on have
been done. The on-track testing is currently being
performed out at our transportation technol ogy center
i n Puebl o, Col orado, hope to finish that this year.

The performance st andard does not require

dedi cated trains. The reason it doesn't require
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dedi cated trains is because the Suprene Court won't
allow us to require dedicated trains. |In fact, you
| ose a |l ot of the operating or a |ot of the benefits
of this performance standard if you don't ship it in
dedi cat ed trai ns because t he on- board def ect detection
wi |l be negated.

Private Fuel Storage is designing their
systemas a dedicated train systemw th all of the |
guess requirenents of the performance standard.

Next slide. This is what that car | ooks
like at TTC You can see it's a span bolster,
ei ght-axl e vehicle. There is a truck, two-axle truck
here, two-axl e truck here, the sane t hing on the ot her
side. It's depressed well. And that's what it |ooks
like.

Next sli de. In sumary, we feel that
there are some issues that ought to be | ooked at as
far as testing goes related to crush load, collision
with structures, et cetera. NRR is committed to
i ncorporating inprovenents in technology into the
transportati on of spent fuel and hi gh-level waste. W
will continue to do that as technol ogy conmes up that
we feel could benefit.

That was all | had to say.

VI CE- CHAI RVAN LEVENSON: Ckay. Thank you.
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M ke?

MEMBER RYAN: Thanks.

| learned a lot about rail shipnments
today. A couple of questions, though. Are there any
materials in transport now under a dedicated train
arrangenent ?

MR. FRONCZAK: In actuality, nost of the
shi pnents of spent nuclear fuel have been nade by
dedi cated train, whether they have been requested to
be dedicated train or not. For instance, the Navy
requests regular train service. Union Pacific wll
not ship that. BNSF will not ship that in just
regul ar train service. They ship that in dedicated
train.

MEMBER RYAN. So that is the railroad' s
choi ce, rather than the shipper's choice?

MR. FRONCZAK: It is not always that way.
That is the way the Navy does it.

MEMBER RYAN: Ri ght.

MR. FRONCZAK: By contrast, nost of the
Departnent of Energy shipnments have been made by
dedi cated train at their request. For instance, the
foreign research reactor shipnent that was made out of
Concord, California, FINEEL in -- | don't know-- '88

or sonething, '86, that one in dedicated train -- no.
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"96 | think.

The sanme thing with the West Valley
shi pment. That was planned. Had that occurred, it
was pl anned for dedicated trains.

MEMBER RYAN: | guess the question is you
descri bed a dedicated train with enhanced nonitoring
and all of those kinds of things. |s there any other
material in comrerce that is shipped under that kind
of enhanced protection system now?

MR, FRONCZAK:  No.

MEMBER RYAN:. The other question is nore
generic. | mean, you gave a |lot of statistics about
accident rates and so forth. | assune that is for the
i ndustry as a whole and not for this dedicated train
segment, which | guess | am assuni ng. Help ne
understand better. Are their perfornmance nunbers for
a dedicated train segnent nuch better?

MR. FRONCZAK: In other words, would the
derail ment rate, for instance, for a dedicated train
be --

MEMBER RYAN: Al the perfornmance
i ndi cators of tip-over, derailnments, and car fail ures,
and all that sort of stuff. | nean, | would assune
that if you had a dedicated train service, the basic

statistics would be better or not? | don't know
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MR. FRONCZAK: The problemw th that is

that we don't have very much data with a dedi cated
train. W have got reans of data with regul ar trains.

MEMBER RYAN: It might be interesting to
separate that out. Even though it is maybe not a | ot
of data, it would be interesting to see because that
is really the question, "Wiat am | buyi ng?"

MR FRONCZAK: Right, right. Exactly.

MEMBER RYAN: Thanks.

MEMBER GARRI CK: Yes. | wrote a paper on
t hi s about 20 years ago and concl uded that you're not
buyi ng anyt hi ng.

What | wanted to ask youis | participated
in some hearings with the 1 CC way back in the '70s.
And the issue was whether there should or shoul d not
be special trains. The conclusion of those hearings
was that there was no scientific basis for dedicated
trains for the shipnent of radioactive materials.
What has happened between then and now that would
cause the Anerican Railroad Association to feel as
strongly as you evidently do about special trains?

That was really a very high-Ievel
ventilation of all the scientific information in the
'70s. And there was representation fromall the major

railroads and your association as well as the
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scientific community. This whole issue was washed
pretty thoroughly at that time, and that was the
conclusion. Has there been sonething happen in the
meantime that this should be an issue?

Now, | think that if the user wants to
finance a dedicated train, that should be their
privil ege. But what we have to deal wth is
scientific evidence.

| think Mke's question is a very good
one. |f youincorporate today's contenporary thinking
about risk and apply that to the different kinds of
cargoes that are on the railroads and you had 100
hazar dous cargoes, probably the nuclear froma risk
st andpoi nt woul d conme out at the topin ternms of being
t he nost safe.

And so when you start talking about
dedicated trains for nuclear, aren't you really
openi ng up a hornet's nest with respect to sendi ng the
nessage to t he public that there ought to be dedi cat ed
trains for all of the other extrenely hazardous
materi al s?

MR. FRONCZAK: W feel that -- and our
nmenbers have felt this for years -- there are things
t hat we can do to make t hese shi pnents safer. W feel

that we owe it to the public to do that. W don't
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feel like they're asking that nuch. Incidents that
get bl own out of proportion, |ike the Baltinore Tunnel
fire, in a dedicated train scenari o because the fue
woul d not be there.

Now, FRA has been asked to do a dedi cat ed
train study. That was mandated by Congress for
conpletion in 1994. And that study has still not been
publ i shed. And Adm nistrator Rudder from FRA
indicated that that was going to be done this year.
I n my under standing, it has been quite controversi al.
And that is why it has not been published. So | guess
we will find out by the end of the year.

MEMBER RYAN: Maybe | can extend the
question a little bit. You know, just in sinple
terms, things like chlorine and anmonia are shi pped
all the tine, every day, in nmuch |arger quantities.
So on a risk basis, you could think about the idea
that if you made an increnental inprovenent there in
ternms of transportation safety overall, that woul d be
a big win conpared to an increnmental inprovenment for
something not in comrerce very often, relatively
speaki ng. So how does your organi zation prioritize
the risks that you face an industry?

MR. FRONCZAK: W do it by risk

assessnent, risk managenent. There have been
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t renmendous i nprovenents in chlorinetank cars over the
last 20 years. There have been trenmendous
i nprovenents in LP gas transportation. That
derail ment that we had in Wyauwega, Wsconsin had
t hat happened 30 years ago, there woul d have been dead
people as a result of that.

The safety i nprovenents, the safety vents
t hat we put on the cars, the thernal protection we put
on the cars, the bottomand top outlet protection we
put on those cars, all of those things have been done
by industry initiatives, industry-funded research,
where the safety of that transportation of those
mat eri al s have been inproved trenendously.

We have had, what, maybe 3 fatalities in
the last 15 years caused by hazardous nmterials
transportation by rail. Hi ghway, there are probably
18 to 20 fatalities per year. So we feel |ike we have
done a lot to inprove transportation of hazardous
materials by rail.

CHAI RVAN HORNBERGER: | also have a
foll owup question on this because | was actually
i mpressed with you said that OT-55D was for hazardous
wast e.

MR. FRONCZAK: Hazardous material s.

CHAl RVAN HORNBERCGER: Hazar dous materi al s.
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MR, FRONCZAK: Right.

CHAI RVAN HORNBERCGER: Not hazar dous wast e.
Hazardous materials. | would, therefore, infer from
that that if you are recomendi ng dedi cated trains, it
woul d be for all hazardous nateri al

MR,  FRONCZAK: No. Like 1 said, we
bel i eve that the transportati on of spent nucl ear fuel
ought to be done by dedicated trains. | didn't want
to get into the reasons for that here, and | haven't
really because there are a |lot of reasons for that.
Efficiency is one of those reasons.

W have | oconotives that cost |ess than
t hese casks cost. W are very hyper about having
t hose things used all of the time. | don't think you
guys want these things sitting around yards for 48
hours waiting to be switched into another train. You
don't want your guards sitting around yards, rail
yards, for 48 hours waiting to be pi cked up by anot her
train. There is a whole bunch of other reasons |
haven't even touched on about the dedicated trains.

CHAI RVAN HORNBERGER: But all of those
reasons -- and they are all very sensible reasons.
Qobvi ously you woul dn't want to do it that way, and
woul d i magi ne that the user want to do it. They have

nothing to do with safety.
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MR. FRONCZAK: | woul d argue that thereis

going to be |l ess of a probability of derail ment. Now,
you can argue all you want about what woul d happen if
that derailnment were to occur. | guarantee you the
public is concerned about that. W are very concerned
about that. W don't want that incident to occur on
our railroads.

CHAI RVAN HORNBERGER: | agree with that.
But, again, if you want to tal k about risk, as M ke
said, then your coment is exactly the sane for
amoni a and chl orine and natural gas.

MR.  FRONCZAK: That's why if we had a
dedi cated train, you would have fewer derail nents.

CHAI RMVAN  HORNBERCGER: kay. But the
public is very famliar with those ki nd of shipments,
and they're not with this stuff.

MVEMBER WYMER: No, that's enough been
sai d.

CHAI RMVAN HORNBERGER:  Maybe t oo much.

VI CE- CHAI RVAN LEVENSON: | guess, wth
that, maybe | shouldn't.

On this business of the dedicated train,
since you don't have any data to indicate that it is
really safer, is your recommendati on based on a risk

anal ysis or intuition?
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If it is risk analysis, | have sone
i nterest-taking observations, like if the crush | oad
is really an inportant thing, you are nuch safer if
you don't because the | argest crushing | oad you have
got in your whole systemis a cask. Three or four
casks in a row generate a nuch larger risk than one
cask in the mddle of an ordinary train.

So has there really been a risk anal ysis
done to support this recommendation or is it just "W
think it's a good idea," et cetera?

MR. FRONCZAK: W have | ooked at a | ot of
data as far as under the current railroad design
criteria, what derailnent rates would be for that
versus what we would expect it to be if it were
designed to the new performance standard. And our
anal ysis would indicate that it's safer or we would
have | ess derail ments with dedi cated trains.

Now, you're right. If you' ve got nore
t han one package t oget her or one cask together, there
is a possibility of those casks inpacting on each
ot her. And that is why the performance standard
requi res doubl e shel f coupl ers so that those cars stay
t oget her when they are derail ed.

MEMBER RYAN: Have you published that

anal ysi s you nentioned?
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MR FRONCZAK:  No.

MEMBER GARRI CK:  See, we don't nean to be
hard on you on this, and you have done a good job of
stating largely why you are doi ng what you are doi ng.
It has alot to dowth the public and their views and
things. And that has to be a mmjor consideration.

What we are really focused on is what is
the technical basis. And, as | say, the Interstate
Conmmrer ce Conmmi ssi on, the Suprene Court, et cetera, et
cetera, have not seen sufficient scientific evidence
to support the view of dedicated trains for nuclear
materials. W're still searching for that.

And, yet, therailroadindustry appears to
continue to believe very strongly that dedicated
trains are in order for a material that is probably
much less of a risk to the public safety than many
other materials that you routinely ship on the basis
of the techni cal evidence and the scientific evidence.
We're just trying to search for that and see if there
has been a change in the last 20 years that would
account for your position.

MR. FRONCZAK: All | have to say is that
the Private Fuel Storage is convinced that that isthe
way it ought to be shipped. So they see sone benefit

init. As a matter of fact, nost all shipnents are
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made by dedicated train

VI CE- CHAIl RVAN LEVENSON:  Ckay. Any ACNW
staff menbers there?

MEMBER KOBETZ: | want to follow up with
sonething that Larry said about the crush and the
engine dropping on a cask in the nodal study or
sonehow crushing it. What was that based on?
Qobvi ously there hasn't been any testing of that type.
And there are a lot of variables with the train
| andi ng or crushing. \Wat was the scenario of the
study?

MR. FI SCHER: Basically | think it dropped
a few feet on top of the cask

MEMBER KOBETZ: How in-depth was the
anal ysi s? Again, sonmething like that, it seens there
are a lot of variables as far as where it hits.

MR. FI SCHER: Well, what we saw is that
there wasn't nuch danage done. So we deci ded not to
| ook longer into that scenario because there were
ot her scenari os we t hought were nmuch nore significant,
nore credible.

MEMBER KOBETZ: Was it adirect hit, then,
on top of --

MR. FISCHER Yes. It was |laying on top

of it, yes. Ri ght. As for the couplers, your
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coupl ers are nade to di sconnect at about 1.3 mllion
pounds. That's why we use 1.6. They disable
t hensel ves because t hey don't want to puncture t he car
in front of them So that was the basis for the
study, not the capability of the whole chassis.

When we | ooked at the capability of the
whol e chassis, the coupler was gone. And by that
time, you got a dynamic situation. And as the train
hits the cask, it accelerates the cask so you don't
see the full static ten mllion pounds | oad because
you're accelerating the cask and it's pulling away.

CHAl RVAN HORNBERGER:  Unless it's --

MR. FISCHER  The train is pretty big,
t oo, because it is going to hit whatever the cask hit.

CHAI RVAN HORNBERGER: So to follow up,
then, on Tims question, does this whole analysis
depend upon the cars bei ng | aunched ai rborne? W are
real ly tal ki ng about an inpact kind of situation and
not a static | oad.

| amtrying to think of the difference.
Is it just a different inpact? |It's not just one
| aying on top of the other and crushing it, then.

MR. FISCHER: No. It's |aying down on top
of it wwth a dynam c |oad factor

CHAI RVAN HORNBERGER: Dynarmi ¢ | oad f act or.
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VI CE- CHAI RVAN LEVENSON: Not a 30-foot

dr op.

MR.  Fl SCHER: But not a 30-foot drop.
That's correct. No.

MR. YAKSH: | would |ike to nake a comment
on that. M ke Yaksh, AAC. Keep in mnd all of these
wei gh about 200, 000 pounds, roughly all designed at 60
Gs. These things are designed to take 60 Gs. W
got a 300-ton | oconotive. It nowhere cones close to
60 tinmes 250,000 pounds. So if you just put it in
per specti ve.

And t he ot her thing, the |l oconotive is not
arigiditem So the loads will pass through. And
the transport task is public supported. A load wl|l
pass through. So that is why it is nowhere near a
control ling case.

MR. FISCHER In fact, if you | ooked at
what happened to the | oconotive when the British ran
it into the cask, the | oconptive was destroyed. The
engi ne actually was torn up. And then the intervenors
claimthat they took the bolts | oose before they ran
the test. So it goes on and on.

| f you don't want to believe, you don't
want to believe. That's okay. But it's not worth

arguing over. And, by the way, GE. didn't want to
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ship dedicated train. But when it got time to get
t hose spent fuel out of those pools, they were on
dedi cated train, and they were gone. You |ost nore
noney argui ng than just doing.

MR,  FRONCZAK: I[t's our right-of-way.
It's our property we're trying to protect.

VI CE- CHAl RVAN LEVENSON: vell, like |
mentioned earlier to Bill in connection with the
regul atory agency, railroads have a | ot of different
t hi ngs ot her than technical issues on which they base
decisions. | think we have to recognize that. It
doesn't nean the committee has to involve itself in
the economcs and the efficiency. W're trying to
focus on the technical issues.

| hope you under st and we appreci ate al |l of
t hese things nay be nore i nportant in any case. W're
just trying to |l ook on our chart.

Any ot her questions? Goto the m crophone
and identify yourself.

MR. McCARVILLE: H . |'mDave McCarville
fromBooz Allen Ham lton. Formerly | worked for Ed,
Low, and Ashl and and managed quite a few spent fuel
shipnments by rail.

The buffer cars were always enpty. In

here, | see you have got a 100-ton buffer car. You
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shoul d expl ai n what anal ysis was done to cone up with
t hat recommendati on and what configuration and howit
woul d be procured if there were to be such an item

MR. FRONCZAK: The reason for the | oaded
buffer car -- Union Pacific actually did this as a
result of the Navy requiring their shipnments to be
done at the end of regular trains. Wat happens is
that you get in-train forces that are so |arge that
you can actually lift a lighter car off the track and
cause a derailment. So that's the reason you want a
car of consistent weight with the other cars in the
train and not just a really lightly | oaded or enpty
car as a buffer car.

MR. McCARVILLE: | assune sone anal ysis
bet ween t he security car and | oconotive wi t h personnel
init and crush testing. Has that been anal yzed as
wel | ?

MR FRONCZAK: |'msorry? Wat?

MR. McCARVI LLE: |f the 100-ton buffer car
is right next to a personnel car, wouldn't there be
some crush testing safety effects there to | ook at?

MR. FRONCZAK: The one thing the
performance standard requires is that the personnel
car has to neet the sanme sort of design requirenents

as afreight car. And freight cars have been anal yzed
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for those kind of |oans.

MR. McCARVI LLE: You say thereis areport
t hat anal yzed that 100-ton requirenent?

MR. FRONCZAK: Not specifically, but there
is a report that analyzes the Navy situation.

MR. McCARVI LLE: One nore question. Wat
would a 100-ton buffer car look like as far as a
configuration? Has there been any thought into howit
woul d be laid out?

MR,  FRONCZAK: My thought is it's a
gondol a car with ballasts init, sonething |ike that.
MR. McCARVI LLE: Thank you.

VI CE- CHAI RVAN LEVENSON:  Soneone el se?

MR GRUMSKI: Ken G unski from MHF.

Bob, two questions, actually. What isthe
cost, average cost, per mle of a dedicated train?

MR,  FRONCZAK: | can't answer that
guestion. | amw th the industry association.

MR, GRUMBKI : You don't know what the
average is?

MR. FRONCZAK: W don't get involved in
costs at all. Qur nenbers do that. And we are
restrained by antitrust to tal k about cost.

MR, GRUMSKI:  Ckay.

MR. FRONCZAK: Now, there 1is sone
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i nformation out there. For instance, the Three Mle
| sl and shi pnents, that informationis in areport. |
can't renenber off the top of ny head what that is.
|"ve got that report in my office, and | can find it
for you if you want to call ne.

MR, GRUMSKI : | amcuri ous because regul ar
train service versus dedicated train, | amsure there
is a huge cost difference. And | just wanted to know
what - -

MR.  FRONCZAK: Vell, it's a matter of
transporting 100 cars versus however many you have in
a dedicated train and the crew.

M5, GUE Hel | o agai n. Lisa Gue with
Public Ctizen.

| appreciated your presentation. And |
just had a quick question about the AAR.  Does the
associ ati on have an enforcenent capability with these
per f ormance reconmendati on?

MR. FRONCZAK: | guess, yes, we do. Now,
who is the AAR? The AAR is an industry associ ation,
nonprofit industry association. Qur nenbers are the
Class 1 railroads. That is Burlington Northern Santa
Fe. Amrak is one al so, Canadi an National, Canadi an
Paci fic, CSX Transportation, Norfol k Sout hern, Kansas

City, Southern Union Pacific Railroad basically.
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We set vol untary st andar ds because we have
to i nterchange equi pnent with each other. Equi pnent
gets interchanged all the tinme. |If you didn't have
couplers the sane height, you couldn't interchange
t hat equipnent. |If you didn't have tracks that had
the sanme gauge, you couldn't nobve cars between
railroads.

So yes, our standards are enforceable if
you want to transport sonmething in what is calledfree
interchange inthe U S. rail network. Now, there are
private agreenents between carriers

M5. GUE: Let me just specifyalittlebit
nore. O course, there are things |like the size of
the railway track. O course, there is not mnuch
flexibility there. But in the case of this
performance reconmendation, if a particular carrier
wanted to travel faster than 50 m |l es per hour being
paid on delivery, is there something that the AAR
woul d do about that the way the DOT or the NRC woul d
if they were federal regulations?

MR. FRONCZAK: | don't knowthat there is
anyt hing we coul d do since they' re our nenbers. If a
menber chose to i gnore sonmething, | don't knowthat we
woul d just say, "Okay. You are no |onger a nenber."

| would have to think about that.
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Generally speaking, these are al
recommended practices, though that the nmenbers have
agreed to. So all of our menbers have agreed that
this is the way they want to do it. They wouldn't
agree to it if they didn't do it or want to do it.

M5. GUE: | guess there is sone experience
with industry self-regulatory arrangenents in other
fields where that has been somewhat of a limting
factor. | would just express sone concern from a
public interest perspectivetoinrelying onindustry
sel f-regul ation, as inportant as your input obviously
is, and we would certainly |like to see sonme of these
reconmendati ons adopted by the federal regulatory
agenci es, includingthe NRC, than have t he enf or cenent
capabilities and the oversight abilities as well.

And you have heard nme meke this coment
many times before, but | would be remss if | didn't
conment on thi s di scussion of relative ri sk managenent
or what mght also be referred to as safety triage.

It isclear, | hope, to everybody that the
| ar ge- scal e shi pnent of hi gh-1evel nucl ear waste such
as being contenplated to Yucca Muntain does pose
unusual risks and that hi gh-1evel nucl ear waste i s not
t he sane as a nunber of ot her hazardous materi al s t hat

are currently being shipped and, furthernore, that
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what we have to be worried about is the conbi nati on of
t hose ri sks.

So shipping on a non-dedicated train
i ntroduces the possibility that was di sm ssed by one
of the comrents in the discussion of the Baltinore
train tunnel fire of having both an explosive or a
flanmable material in conmbination with a cask of
hi gh-1 evel waste in the sane accident situation.

So | guess from a public interest
perspective, again, | am always concerned to hear
those kinds of reconmendations made about risk
assessnment that seem to inply that we are trading
between two risks when, in fact, we are discussing
addi ng an additional risk and that everything should
be done by the regulatory agencies as well as the
various i ndustriesinvolvedtomnimzethoserisksto
avoi d being exposed to like two additional risks.

MEMBER GARRI CK: | don't want to get into
a debate here, but | think that you should be held
accountable in the same way that others are held
accountable when it cones to make those kinds of
observati ons.

You have nmade a pretty dramatic
observation about the risk being unique with respect

to what we are tal king about here today. | guess ny
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comment to you is what is your evidence for this from
a risk perspective?

| am an anal yst. And | Dbelieve that
anal ysis has to be based on real evidence. There is
no evidence to support what you just said except
opi ni ons. | think if your cause is to be
wel | -represented and you nake those ki nds of clains,
it is tine for you to cone forth with the evidence
that supports those clainms because it is not in
exi st ence.

M5, GUE Wll, | guess the | think
non- debat abl e evidence is just the nature of the
substance that we're tal ki ng about here. Unshi el ded,
aten-year-ol dfuel assenbly rel eases enough radi ati on
to belethal fromjust afewfeet away within a matter
of m nutes.

| realize we are not talking about
shi ppi ng unshi el ded fuel assenblies, of course, but |
think it is very inportant to acknow edge the intense
danger of the material itself, in part, to underscore

the need for these regulations, for safety and the

shi pment of nuclear waste. |If we pretend that this
material is cotton balls, | don't think that anybody
woul d be in favor of that. | think it is inmportant to

keep in mind what it is that we are tal king about
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shi ppi ng.

Anot her thing | just wanted to say -- and
this is | guess nore general because | think this is
the final; this comrent doesn't really relate to this
particul ar presentation, but | think it woul d be very
useful for the NRC to recomend to the Departnent of
Energy that that released the specifics of the
transportation plan with respect to Yucca Muntain
because it becones difficult to anal yze sonme of these
risks I think w thout the information about which
routes will be used, whi ch node of transportati on wl |
be used. And it would be very good to know how many
tunnels conparable to the Baltinore Tunnel are
actual ly on the routes that m ght see high-Ievel waste
shipnents in the Yucca Muntain canpai gn

Finally, | was surprised that the agenda
seens to have focused only on the i npact tests and t he
firetests. And | amwondering why the conm ttee has
not exam ned also the drop test and the subnersion
i ssues, particularly since we seemto be assunm ng a
preference for train shipnents here, which according
to the Departnent of Energy will al so include sone as
of yet wunusual barge shipnments of waste on the
wat erways. We would hope that the committee would

also ook into that.
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Connected to that, of course, we're, as
you know, concerned about the | ack of inclusioninthe
regul atory requirenments as well as in the package
performance study outlines that have been rel eased so
far of consideration of explosive inpacts, the
terrorist vulnerability of these shipnents. So |
don't knowif that m ght be something that is goingto
be | ooked at in the next couple of days of this or
not .

Finally -- sorry. | have already said,
"Finally." Really finally thistime. | just did want
to point out that with all of the conversation about
t he i nportance of public confidence on the rel evance
of these di scussions, theseregulatory activities, and
test activities for public confidence, it does seem
strange that the only presenters from outside the
agenci es were representati ves of theindustry, various
industry interests. And | guess | would recommend to
the commttee to include in this type of fora in the
future representatives of sone of the public interest
organi zations with a stake in this process.

Thank you.

VI CE- CHAI RVAN LEVENSON: | think one of
t he reasons the speakers are limted, as | tried to

make clear earlier, the commttee is trying to focus
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only on the technical issues. There are many, nany
public issues. That is a whole different agenda.

| f there were a publicinterest group that
had a research organi zation, had technical data, |
think we would be interested in hearing. W are
trying to limt our discussion to technical.

Let me ask you one question, which may
seem strange but as a followup to the discussion we
just had of multiple risks. Mention was nade of
expl osi ves added to ot her things. Do you allowtrains
to have box cars full of dynamte, TNT, on the sane
train that carries amonia and | i qui d petrol eumand so
forth?

MR, FRONCZAK:  Yes.

VI CE- CHAI RMVAN LEVENSON:  Ckay.

MR.  REZNI KOFF: | just had one quick
point. Actually, the Navy sometines shi ps excl usive
use trains when they're carrying sonme of their
m ssiles, sone of their torpedoes. There have been
some horrendous accidents where it is only a train
full of mssiles and torpedoes. | just thought |
woul d nention that in support.

| wanted to support what Lisa nentioned
concerni ng sabotage. | think it would be very hel pf ul

if the NRC |ooked into this issue and published
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somet hi ng about this issue. | nention this because
Dr. Singh earlier showed pictures of a jet engine
striking a cask. W woul d agree with hi msince we did
the work for Utah a jet engine would not penetrate a
transportati on cask.

Furthernore, it's an al nost i npossi bly | ow
probability. The horizon is lowto have a jet plane
hitting a cask car that is horizontal. It is alnopst
i mpossible to hit the Pentagon w thout the plane
hitting the ground first and then hitting the
Pent agon.

So think of a horizontal car. It is
al nost inpossible. But it is inportant to consider
anti-tank m ssiles and bridge. That is an inportant
issue. This is not an issue that was | ooked at at the
nodal study because there is not an i ssue that you can
easily assign a probability to. And, therefore, you
cannot easily assign arisk. Nevertheless, it is an
i ssue that should be investigated by the NRC.

VI CE- CHAI RVAN LEVENSON: Let nme just
comment to both you and t he previ ous speaker. Because
there is nothing on terrorism activities in this
wor kshop does not nean it is not being | ooked at. It
nmeans it is being | ooked at in a classified manner.

There are lots of things underway that can't be
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di scussed in public neetings Iike this.

| want to rem nd everyone if you still
have sonme sitability, this workshop will reconvene
here tonorrow at 12: 30. W have a conflict with room
and space. And we have other conmtnents. So
tomorrow norning will be the regular ACNWneeting in
the regular location at 10:00 o'clock, but the
wor kshop wi Il reconvene here at 12: 30.

| turn the neeting back to our chairman

CHAI RVAN HORNBERGER: The neeting is
adj our ned.

(Whereupon, at 5:07 p.m, the foregoing

matter was adjourned.)
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