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PROCEEDINGS

CFAIRMAN ZECH: Good afternoon, ladies and gentlemen.

Today the Commission will be briefad by the Office of
Nuclear Material Safety and Safaguards and by the Office of
Research on the transportation of radicisotopes and the results
of the modal study.

The modal study is an evaluation of the safety of
certain radicactive material shipments. The Commission
requested the staff to undertake this study to confirm its
earlier determination that the NRC regulations provide a
reasonab.e degree of safety and that no immediate changes were
needed to improve safety.

The staff will also summarize current and planned
activities related to the NRC certification of DOE shipping

packages.

This is an infermation briefing this afterncon and no

formal Commission vote is expected,

Do any of my fe)low Commissionevs have any opening

comments?

[(No response.)

CHAIRMAN ZECH: 1If not, Mr. Stello, you may proceed.

MR. STELLO: Thank you, Mr. Chairman. I will quickly
introduce the people at the table. On my far left is Bob
Burnett. Next to him, Bill Lahs, Hugh Thompson and Chuck

MacDonald. Hugh Thompson wiil give us a briefing on the
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activitine associated with transportation issues in NMSS and
will quickly give you an overview of the modal study along with
Mr. Lahs from Research,

The transportation safety record, as you are aware,
is excellent. We have not had any real problems. I think we
are doing a good job yet it remains an issue of some
controversy. I think we will identify recent congressional
issues relating to transportation dealing with ehipping casks
for plutonium via air, which in terms of significance, impacts
on the resources, both in dollars and FTE's. It can okviously
be quite significant to our progranm.

‘et me then get you started and we will start the
briefing and at the appropriate time I will identify the most
recent congressional action and what that could mean to the
transportation program.

CHAIRMAN ZECH: All right. Thank you very much. Mr.
Thompson, you may proceed.

MR. THOMPSON: Thank you.

As you know, transportation is one of the functions
that we do have. It is an organization that is within our
safeguards and transportation division. S§ince some new
Commissioners have been added to the Commission since wa
briefed the Comaission in this Area, we thought we would take a
few moments to cover some of the background of the interagency

responsibilities in this area because it is one in which the
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we, the Dopatt:nnt of Energy and the Department of
Transportation have some key programs on and a very close
interfacea on our activities.

Could I have the next slide, please?

[SLIDE.)

MR. THOMPSON: The Department of Transportation has
the overall fundamental responsibility for all hazardous
material including the radicactive material. They are
responsible for the routing activities, the carriers, those
activities associated with let's say the safety of the drivers,
their qualifications, and the qualifications of the carriers
for this activity.

Because of our special expertise and that of the
Department of Energy, there are certain shipments that have
been negotiated through memorandums of understanding for our
responsibility and review.

The Department of Energy ie responsible for the
transportation and certification of the radiocactive material by
their oun activities and their contractors. NRC is responsible
for both the transportation of the licensed radicactive
material of significant guantities, and locking at this, the
health and safety aspects. When we look at the Type B
packages, we have a health and safety responsibility as well as
sabotige or kind of a physical security responsibility for

certain categories, Category I, spwial nuclear material and
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7
present a serious hazard if the material loaked, but it does
have a bit more capability than just the other strong iﬁlk,
tight one, and then again the Type B package that we have.

In our regulatory framework, the Type B package woula
be for spent fuel, high level waste, irradiated reactor
components and some highly radicactive radioclogical devices.

In these cases, you could have a rather serious health hazard
if the contents of the material were spilled or leaked or had a
eriticality accident as part of the fuel shipment aspects.

In making our judgments in order to establish our
criteria, they are kind of hypothetical accident conditions.
There are things like a 30 foot drop test, certain fire tests,
& puncture test. These are what we call serformance standards,
that we evaluate or actually test the packages to make our
judgments that the material, the quality contreol 6! these

packages are sufficient to adequately protect the public health

and safety.

(SLIDE.)

MR. THOMPSON: The next slide identifies what we say
is our memorandum of understanding, primarily with the
Department of Transportation, which sets out the
responsibilities not only for the licensing review but also

what type of ermergency response capabilities we have initially

and for follow-up activities.

DOT docq serve as the national competent authority
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for transportation of radiocactive material. They do develop
tiie standards and requirements for the Type A and low specific
activity packages that we just talked about.

NRC has the responsibility for the Type B and the
fissile material packaging and the lead role in investigating
accidents where damages occur on NRC approved packages. It is
the review and evaluation of the packages that we have the
responsibility for.

Again, our memorandun of understanding calls for
exchange of information and inspection and enforcement prograns
in the various areas of jurisdiction.

Likewise, wa have a memorandum of understanding with
the Department of Energy.

(SLIDE.)

MR. THOMPSON: The next slide shows that primarily
for the activities on the Nuclear Waste Policy Act, back in
November of 1983, we es*ablished the framework where we in fact
ﬁut into place our conou;tltion arrangements for discussions
with the Department of Energy and basically they indicated
theiyr intent to have NRC certify the DOE shipping casks for the
spent fuel associated with the Nuclear Waste Policy Avt,

Subsequently, as you probably know, Congress has
enacted a requirement that in fact they are required, not just
by the memorandum of understanding, but the law doves now

regquire that,
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We establish periodic meetings to exchange

information on technical issues, policy type assumptions and we

meet about twice a year. I think the last meeting we had was
in September where we just basically went over the status of
their program, discussed various technical lssues concerning
the licensing of their casks. They have rot got any casks in
for us to actually review. We have had some preliminary

meetings with DOE on those activities.

With respect to one of the key issues that we face in

tha transportation activity is the increasing desire by the
Department of Energy to have NRC certify DOE casks. I think
when we prepared these initial briefing slides, late last year,
we had a proposal down to the Commission on ways to address
some of the impacts this program might have on our own
programs.

NRC certification is not required for DOE with the
exception of the Nuclear Waste Policy Act casks. There has
been a significant increase from the Department of Energy in
applications for the timeframe, fiscal yeayr 1988 to 1992.
These include the Naval reactors Program, West Valley high
level spent fuel casks, the Nuclear Waste Policy Act, and
recently the WIPP transportation casks for transuranics,

As you know, we maintain a fairly limited amount of
resources in this area to review our actual applications. We

have about 85 or so applications a year that wve must review.




10

il

12

13

14

15

16

17

18

19

20

21

22

23

24

25

10
Again, we really had no formal procedures between NRC and DOE
for package review except for the Nuclear Waste Policy Act.

(SLIDE.)

MR, THOMPSON: The next slide provides a projection
of what this impact hae potentially on our review activities.
We normally have somewhere around 8 to 10 FTE's available to do
these types of reviews, The peak workload for this coming year
was such that we felt and we recommended to the Commission that
it take some actions to assist in reducing and streamlining the
process of our review of DOE applications, and the Commission
has sent a letter to Secretary Herrington. We are still
waiting for their response.

There is one activity that is identified on this
chart which i{s the plutonium air shipment casks. This
particular estimate of resources in Y89 was put in there prior
to the recent action by Congress to have a much more stringent
evaluation of that particular type cask than we currently have.
The resources associated with that review right now, this is
more of a consultation type review activity, based on our
current review standards, and it would take significantly
higher resources if we had to respond, assuming there is a
foreign country that wishes us to respond to the new
requirenents,

COMMISSIONER BERNTHAL: Let's see, the original

rather extracrdinary language that has been proposed with

e R -, -
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respect to those plutonium shipments was modifl!ed in the end
considerably, sco where are we now?

Mik. THOMPSON: I guess the language is still fairly
stringent.

MR. STELIN* T was wondering if gens.sl counsel was
familiar with it,

MR. PARLER: General counsel heard about the issue
you are talking about yesterday and he has somebody that is
going to provide him with research and an interpretation of the
Murkowski amendment as it was recently enacted by Congress. As
I understand it, there are two schools of thought. Under the
Murkowski amendment, the criteria are essentially the sanme as
the Scheuer amendment which the Congress adopted either in 1978
or 1976, but with the aircraft test added to that, or whothor'
the criteria in the Murkowski amendment are substantially
beyond, more severe than in the 3cheuer amendment. You have
that problem to deal with as well as the aircraft test.

I am told the Murkowski amendment in its legislative
history is fairly clear. What I am trying to find out is
fairly clear in which one, the first one, which is pretty much
che same as the Scheuer amendment plus the aircraft test, where
the criteria have been substantially increased.

From what I have heard, these criteria are presumably

thought to have been substantially increased. I am looking at

that,
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COMMISSIONER BERNTHAL: Yes. Certainly not to the
extent as the original Murkowski proposzl, which would have
required half velocity crash tests,

MR. STELLO: There are two criteria as well as the
two issues related to aircraft, one dropping and the other
crashing aircraft.

COMMISSIONER BERNTHAL: The actual tests that would
have been required were extraordinary. Those were dropped.
They were changed in the final version.

MR. THOMPSON: They were slightly changed but they
still had a significant requirement along the lines of full
scale air crash tests, if we were not akle to certify or have
an independent body certify that the test conditions that we
established were equivalent to a worst case scenario. I think
that is what the general counsel is looking at.

MR. STELLO: There is also another issue, that unless
clause does not apply to the case of dropping it from an

aircraft, for example, or may apply.

MR. PARLER: We will get you an answer fairly
quickly.

MR. THOMPSON: It is important that we do have a good
reading on this. Based on my discussions with Harold Denton
and others, there is still one country that is very interested
in cortinuing to pursue this activity, so it is somathing we

need to review and respond to fairly promptly. Since it is a
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roquiropont that the country support tinaneiilly those
activities, we will need to assure that we have a préqran in
place and that they know how we are going to carry this out,
Otherwise, it will divert significant funds from review
activities,

(SLIDE.)

MR. THOMPSON: This slide will essentially identity
the steps the Commission has taken to asssist us in evaluating
the additional resources that we need. We have regquested that
DOE certify the packages prior to submittal and to prioritize
their package review needs. There ara a number of packages
that have been in here some years. We typically in the past
have been able to almost alvays meet DOE's requested date for
their Naval reactor packages.

As you know, we intend to still work oﬁ their
packages until DOE decides a different priority will be in
place. I don't have right now a projected date to get a
Fesponse. We do have a system in place, pending a response by
DCE on this activity.

COMMISSIONER BERNTHAL: Do we have the authority to
"require" DOE to certify those packages or is this a request?

MR. THOMPSON: This in essence is really a request,
What DOE has the authority to do is to certify their own
pPackages and once they are certified, they would be useful with

the exception of the Nuclear Waste Policy act shipping



10

11

12

13

14

is

16

1?7

i8

1%

20

21

22

23

24

14

packages.

COMMISSIONER BERNTHAL: We can't meet that mandatory
directive?

MR. STELLO: General counsel may know.

MR. PARLER* The areas Lhat we can direct DOE to come
to us either to be licensed or to be certified are those areas
that Mr. Thompson has already alluded to, that is the Nuclear
Waste Policy Act as amended recently and that are covered in a
particular section of the Energy Reorganization Act of 1974.
There is nothing in the Energy Reorganization Act of 1974 as
amended that I recall that would require DOE to come to us to
get casks certified.

Therefore, other than the Nuclear Waste Policy Act,
the thing is entirely veluntary on DOE's part, I would assunme,
but I do not know, that there would be substantial motivations
on their part to come to this agency to get their casks
approved, for fairly obvious reasons.

MR. raoxrsox:10bviouan, there aay be oclo‘cxcoptionl
to the thing if there is a particular need and one or two
casks, for them to certify the casks first and wve would be
prepared to accept their judgments and their recommendations as
to vhich to put the priority on. It may be the WIPP casks
might receive priority or the Naval reactor casks, whichever
one it would be. Until otherwise, we are putting our emphasis

on the Naval reactor casks consistent with our past practice
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and the resources we have available,.

COMMISSIONER CARR: Let me make sure I understand
this. You said there were 85?7

MR. THOMPSON: Typically we will receive a total of
appiications for amendments or new cask reviews at about 85
reviews a year.

COMMISSIONER CARR: Different casks?

MR, THOMPSON: Different casks, different designs,
same designs but maybe a different loading factor,

MR, BURNETT: 1Internal modifications to an existing
cask.

MR. THOMPSON: I guess there is something like 225
approved NRC certified casks for various shipments, spent fuels

COMMISSIONER CARR: I assume those approvals are
generic in that if they meet that cask and that kind of
lcading, they can keep doing it without coming bac“.

MR. THOMPSON: That's correct.

COMMISSIONER CARR: It is an one time shot.

MR, THOMPSON: There is a five year renaval, each
five years they would come back for reneval of that
application,

COMMISSIONER BERNTHAL: Llet's see, what about ‘he
response to the Commission's reguest that DOE certify their

designs and give us priorities? Have they thus far responded




indicated what they are going to do?
MR. THOMPSON: No, sir.
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MR. THOMPSON: The next slide identifies what wve
think is a key area with respect to the energency response role
©f the NRC and essentially we really have a coordination role
or a communication role as the primary function, in assuring
the state agencier *h: Depaitaent of Energy and other affected
agencies informed of the accident. We provide specific
information on NRC certified packages and we offer cther
technical advice as requested on protection of the public
health and safety issues., We would only assume radioclogical
control at an incident scena until state or local authorities
arrive,

We have never had that occur. I wauldn't anticipate
we would ever be the first on the scene for any particular
Feason, but that is the responsibilities that we have.

We experience each year a number of events that come
inte our incident response center, 25 to 10 type transportation
accidents a year. Of the 25 events in 1985, four involved some
material release. In fact, NRC Region IV responded to one
which was a yellow cake collision with & train in North Dakota,
which received a good bit of NRC oversight and attention at
that particular time in 1988, 1In 1986, wve really did not have
to respond to any events that involved sone material release.

COMMISSIONER CARR: When you say information on the
NRC certified packages, that is packaging? We don't look at

each package before they ship it, do ve, as long as they are




i0
il
12
13
14
is
16
17
18
i9
20
21
22
23
24

is

meeting our requirements?

MR. UHOMPSON: That's correct. It relates to the
specifics of the design, the characteristics of the package,
shielding characteristics, wvhat macerial might be shipped in
it,

COMMISSIONER CARR:!: The impression I got reading this
was each package that is shipped, we have to okay it before it
goes. That's not correact.

MR. THOMPSON: That is not the case. In fact, much of
the inspection of the transportation astivities is done by the
states. They may occasionally spot check a transportation
shipment through a state, particularly on spent fuel. Some
States make an effort to inspect the package shipment at the
border and inspect it carefully ard may escort it through the
state or the local t;anopcrtntion areas, vhich depends on the
sensitivity to the area as to wvhat the local authorities do.

CHAIRMAN ZECH: I knowv we don't have many of these
incidents., My experience would lead me to believe that the NRC
has responded rather promptly. I would hope that this is the
case and ve would continue to give priority to anything like
this that happens. We should have an NRC responsible person on
the scene just as soon as we can, I hope that is what we do.
It locks like that is vhat we have done. i hope we will

sontinue to do that.

MR, THOMPSON: Most of these are fairly small type
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incidents. I believe there was one rocontlf in Richland,
Washington, where there was a truck overturned vtth.oono
contaminated soil. We evaluate whether or not NRC's presence
would be of assistance to either the state or local, we will
consult with them, and {f there is any need or request for sur
assistance, wve respond promptly.

CHAIRMAN ZECH: 1If there is any doubt at all, if
there is any question about it, we should g9, whether we are
asked or not. I would like to make sure that happens. The
regions can do it and we should back thenm up if they need help
from Headgquarters.

MR, STELLO: As the slide also indicates, I guess
there wvas at least one occasion when ve were the first at the

Scene., When we are =-

CHAIRMAN 2ECH: We taks charge until properly

relieved,

MR. STELLO: That's right, until relieved by the
state or local authorities.
COMMISSIONER BERNTHAL: At any given time on the

AvVerage, how many shipments of spent fuwl are in transpart in

this country?

MR. MacDONALD: Approximately 100 per year, 100

shipaents per year,.
COMMISSIONER BERNTHAL: Every third day on the

Average. Are you saying shipments per year? I am saying on
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ény given day, how many shipments are in transport?

MR, BURNETT: We are running about 100 to 200
shipments a year.

COMMISSIONER BERNTHAL: How many days on average does
each shipment take?

MR. BURNETT: On an average, some of them are short
like one day, some are two or three.

COMMISSIONER BERNTHAL: It sounds like that on the
Average, at least every day there is a movement.

Mik. BURNETT:! There is about %2 shipments coming in
from abroad, coming into Portsmouth, Virginia., Most of those
shipments go from that shipping dock inte Lhe Savannah River,
which is less than a d-y Avay. That might give you some
indication. There are some others.

COMMISSIONER BERNTHAL: I get the picture,

MR, THOMPSON: But the number of shipmants obviously
48 Ve move to the high level wvaste repository are going to be
significantly different and certainly to the extent that wve
have evaluated the environmental Aspects associated with those,
we will probably re-visit that in part of cur update of our
environmental assessmert activities that we are planning to do
in any event,

MR. BURNETT: The average days in transport is going

to change because you will have a single repository and you can

see the impact,
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COMMISSICNER BERNTHAL: We are really beginning te
develop a pretty good statistical bases for expressing the
safety of these casks, I would assunme.

MR. THOMPSON: Bill may aldress some of the
statistical bases. I think we didn't use our nuclear
transportation shipmants, to develop the accident rates because
it wvas few compared to what I would say the gasoline tankers
aAre. When you are really looking for significant statistical
numbers, those numbers way outweigh ours, It is an important
Area because very careful records are kept, the accidents are
evaluated,

One of the key issues that wve Xeep facing, both in
Congress and with our own individual reviews is the adequacy of
Our requlations. The history, the accidents, have alvays
proven that the program that we have established has reached
the highest degrea of performance in protecting public heslth
and safety,

As you may know, in 1977, we evaluated through an
environmental impact stitement, the adequacy of our regulations
to consider whether ve needed to make any significant changes
to increase those. It was based on the information that had
been developed, public comments vere received on it and the
safety record we had achieved to dat e,

The Commission concluded that the pPresent regulations

provided a reasonable degree of safety and no immediate changes
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were needed to improve safety. Again, this was reaffirmed
recently by the Office of Technology Assescment, when they
concluded that the regulations provided a high level of public
protecticn for spent fuel shipments, in fact, probably the
highest level of any of the activities, hazardoua material
transported, and this wvas given that ve implemented the quality
assurance ﬁroqrann that were utilized and relied upon by the
industry in developing and designing and building these casks.

In addition to those two studies, we have conducted
some full scale studies, full scale testing. I guess there is
a4 phote that many of you have probably seen. There is alwvays
the train and the cack mueting shortly at the intersection,
Despite tnat aspect, and you may want to put that particular
slide up, we felt it wvas important to do a modal study which
locked at more than just the one peint,

[SLIDE.)

MR, THOMPSON: All these casks performed suffic ently
to adequately protect the material involved. The modal study
gave a much broader reviewv and a risk assessment review of the
activities associated rather than just the one frame that you
S4an ses there, one dimensional hit, although it {s a fairly
dramatic one, it didn't really satisfy everybody's concerns
with respect to the transportation cask issues.

8111 you might vant to talk a bit about what we were

able to do in the modal study to further evaluate the adequacy
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of our regulations.

MR. LAHS: You heard Hugh generally describe the
Approach to our transportation safety regulations. He has
alluded to the radicactive material package performance
requirements, includine thage direcied at assuring that the
proper protection is being provided in the event that one of
Our packages becomes involved in a severe transportation
accident,

He just got done mentioning the 1977 environmental
impact statement which provided a risk perspective on all
radicactive material shipments in the United States including
spent fuel.

I mention these items because they are really the
Starting point or reference point fur the modal study
discussion,

The principal use of the modal study is it was taken
together with things like the full scale test that you just saw
which I think provides information from which people can make a
better judgment on the adequacy of our transportation
regulations and also ! believe upon which past Commission
conclusions with regard to the adequacy of thuse regulations
can be made,

As mentioned, the modal study focuses specifically on
regulation adequacy with regard to spent fuel shipsents, which

could become involved in severes transportation accidents.
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Just a brief background, wvhen the Commission made its

' decision back in 1981 on the adequacy of the regulations, I

think they recognized that for spent fuel and certain other
shipments, that c¢he nature and the gquantity of the materials
shipped dictated some need for scme continuing action. They
essentially told us to address two issues, which are shown on
this first viewgraph.

(SLIDE.)

MR, LANS: People always ask, what is the
relationship between our existing performarce standards, that
is things like the 30 foot drep and the unyielding service, the
fire test, the puncture test and the related acceptance
eriteria, and the environments that we can really see in real
world accident situations,

locondly( they asked, could ve characterize what the
potential radiclogical hazards might be if a spent fuel
shipment became involved in what most people would consider a
SevVere transportation accident.

[SLIDE.)

MR, LAHS: To respond to this directive, ve decidyd
that a study could be undertaken to evaluate the level of
safety provided by spent fusl casks designed Lo our existing
regulations, with the Assumptions shown on the slide.

The general approach would be to try to evaluate the

performance of those casks against severe accidents which have
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historically occurred invelv.ng non-nuclear shipments using
road/rail transportation. |

Over the course of this study which lasted -~ it
started in 1981, there were essentially three different
contractors invelved tha latest ol which was the Lavrence
Livermore National Laboratory and it is their contractor report
which is most frequently referred to by the modal study.

In doing the study, Livermore really had to give
consideration == had to address two main considerations. First
of all, since ve have a performance standard approach to our
rugulations, if you think of what do we have out there, we have
casks of different designs. They all meet our regulations but
Yyou could have casks that ship BWR, PWR, assenblies, shielding
natarial can be dtttortn}. closure designs can be different,
Any of those casks can be the one that some diy. somavhere
along the line could become invelved in a severe transportation
accident. That accident could also invelve a wide variety of
forces, both mechanical and thermal,

(SLIDE.)

MR. LANS: The first utep in the study essentially
invelved deteraining the magnitude and likelihood of the forces
which ve really could see in real vorld accident situations,
focusing especially on those which had the possibility of
compromising cask safety functions. That means containment

integrity, shielding, eriticality control. This information




i0
il
a2
i3
i4
is
16
3?7
i
19
a0
21
22
23
4

8

16
wvas derived from a review of the historical record of all road
and rail accidents and was supplemented by route and other
informational type surveys.

What resulted from this was a distribution of
accident scenarios which predictad Lhe occurrence rate of cask
interactions with a variety of targets. As this viewvgraph
shows, one of the main classes we divided things up into are
what ve call parts that vere soft relative to the cask, things
iike pecple, you drive in your automobile, trucks, buses.
There are classes of targets wnich can be hard, things like
bridge columns, hard surfaces either adjacent to the roadway or
maybe below bridges where 2 shipaent could go through a bridge
railing and fall to the surface below.

There wvere other parameters which vere obviously

important to characterize the magnitude of the forces which

" eould be invelved, both of a mechanical and thermal nature, and

there are a lot of them addressed in the study icself. Several
are illustrated in the brochure which you have a copy of.

The major onea as you might expect are things like
velocity, impact angles, what is the object surface and wvhether
there is a fire involved,

(SLIDE.)

MR. LAHS: The crucial step in the wvhole study wvas
the next one. Remember that the level of safety is really

Provided in the cask designs themselves. The crucial step in




27
the study was to try to come up with a design -definition of a
cask or casks which could act as a surrcgate tc the level of
safety that is being provided in the regulations.

Basically what was done is we defined a
representative road and rail cask wvhich had features common to
the casks that are out there, but which had capabilities
del.iberately selected to only just meet the existing regulatory
requirements.

Once that was done, the remaining steps really bocanme

hat was essentially to evaluate the
representative casks against the accident environments which
had already been defined.

We used compute:r ccdes to essentially evalua“e the

@ of damage that theee casks could sustain, both of a
rmal nature, and then Jooking at thav damage,
nservative assessment on what the radioclogical hazard
could result, what that hazard could be and what the
would be.,
The hazards were essentially of twc types.
[SLI
This is the first one. That iavolves the

possibiliry obviously of a material release. For that to

happen, you have to have an accident severe enough not cnly to

rupture the cladding of the individual fuel routes within the

assemblies to allow the material to @scape to the inside of the
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cask but you also have to have an accident severe enough to
solehow cause a viclation in the cask integrity.

The slide here really shows the possibility where you
might have seal damage and release through a failed seal.

(SLTDE, )

MR. LAHS: This viewgraph shows the other type of
hazard wﬂich could result and that is shield degradation. In
our representative casks, we chose lead as the shield material
and the illustration shows an example of where if you had a
head on impact of one of these casks, you might get lead slump,
lead could actually move forward causing a void in the shield
and an ncreased radiation level external to the cask, even
though the event might not lead to any material release from
the cask.

In the “inal steps of the evaluation, the package
response and accident force likely analyses were combined.
Estimates were made that given that an accident occurred, what
would be the damage sustained by the represertative casks.

That damage was placed into various categories as shown in the

n-xé viewgraph.

(SLIDE.)

MR. LAHS: This slide is really a damage magnitude
diagram, where if you are working from the bottom left to the
upper right, you are seeing increasing levels of damage. As

YOU go up, you are seeing increasing levels of mechanical
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1 dalaqo; which in the study was characterized by a measure of
i 2 the maximum strain achieved in the containment shell of the
3 cask. As you go out the ablciula,-what you are seeing is
4 thermal Aamage which is being characterized by a measurement of
5 the maximum temperatv~s =% 4he Ceuler ilne of the shield.
6 Through this process of taking these representative
7 casks and subjecting them repeatedly to the loading conditions
8 which we established for the real accident forces, for each
9 individual case, we were able to generate the information
10 necessary we felt to characterize a relationship between our
11 regulations and scme baseline level of safety that is being
12 provided.
13 At this point, I am going to discuss some of the
14 results of the study,
15 (SLIDE.)
16 MR. LAHS: The study provides three perspectives on
17 the safety that is being provided by our existing regulations.
18 First, the study results are as to cask accident likelihoods,
19 in terms which compare the potential radiological hazard to
20 values which currently exist as acceptance criteria in our
2l existing regulations in Part 71. Secondly, we have a
22 perspective which is a risk calculation, which is similar to
23 what was done in the 1977 environmental impact statement. That
24 was done for all materials but spent fuels was singled out,
25 Here we are just focusing on risk from spent fuel accidents.
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Finally, to give people some tooiinq for how casks
could respond to say a serious accident, a very severe
accident, what we did is try to evaluate how our representative
cask would respond if it had been involved in several severe
accidents that are actually on the historical record.

(SLIDE.)

MR. LAHS: Here the results indicated that if our
representative cask over a period of time was involved in 1,000
accidents, the time estimate would be something like 50 to 100
years, depending on shipment mileage, and of those 1,000
accidents, 994 would result in forces being applied to the cask
which would be probably lolp than the forces that are being
applied by our hypothetical accident conditions. Therefore, we
wouldn't expect any radiological hazard to be created.

COMMISSIONER BERNTHAL: 950, not 994.

MR. LAHS: I am going to the bottom. 994 is correct.
994, we would expect no radiological hazard but even in the
remota event that something did happen, we think the hazard
would still be far below the hazard that is applied by our
acceptance criteria.

The 994 is made up of two components. First, there
is 950 of those 1,000 events roughly that would involve cask
interactions with soft targets, and therefore it is those

targets that would be taking most of the damage.

If you talk about the other targets, harder classes

— e ap—— R—— . oy — | 9 - —— —— N —
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of targets which could be hard, even in ﬁhat class, there are
44 events which essentially would cause damage wﬁich would
probably lead to no radiological hazard. Why?

For example, you might hit a bridge column, maybe the
velocity is less thsn 70 miles au hour, or maybe you hit a
column at 70 miles an hour but it is only a glancing blow, or
even with hard classes of targets like bridge columns, there
are certain sizes of columns which are soft relative to these
casks. The column is going to fail before the cask will.

Even though there might be a fire, which could be hot
enough and long enough, you always have the question, is4 the
cask really involved in that fire. That is how we get the 994.

How about the remaining six?

(SLIDE.)

MR. LAHS: The study showed that of the six remaining
accidents, four fell in the second box on the left side, which
is an area where we are predicting minor cask damage. What
does "minor" mean? If you look at the structural response, we
are talking about maximum strains between .2 and 2 percent, not
a lot of damage.

The hazard that could be created by such an event
might be seals, the seals could fail so you could get maybe
some release of radiocactive gases and some volatiles. Again,

when we evaluated the situation, the radiological hazard that

is created ip still far below the values that are .stated as our
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Only when we get to the next box up, when we think
about the possibilities of major damage and it really only
applies to accidents where we are talking about the much larger
strains, 10 percent and above strain ascidents, could we
predict radiological hazards which could equal or might exceed
by factors of four or so the values that are currently in our
acceptance criteria.

In the outer range, the striped area, you are talking
about extremely rare events. You are almost guessing. To give
you a feeling for what that means, we estimated that maybe 1 in
100,000 accidents would fall into that striped area. To give
You a feeling in terms of time, that would be like an event
roughly every 200 years.

Because of that open area, we tried to provide a
second perspective shown on the naxt viewgraph.

(SLIDE.)

MR. LAHS: We subjected our representative cask
design to a selected number of real world severe accidents. I
am not going through all the accidents. The point of this
slide is that when we did that, we found out that 3 of the 4
led to predictions that the damage would fall in that lower
left box. The Caldecott Tunnel fire was kind of a borderline
case. Only in one event, and that was the Livingston train

yard fire accident in Louisiana in 1982, ccould we come up with
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predictions where we could say, there could have been major
damage to the cask. That particular accident involved a
derailment of a number of vinyl chloride and petroleuam tank
cars. The fire lasted for several days or a couple of
explosions. We essentially put our representative cask in that
accident environment and we came up with predictions that if
cask had been at the right place, we could have gotten
temperatures ranging from 600 to 720 degrees.

Finally, the last perspective ==

COMMISSIONER BERNTHAL: What exactly is the physical
damage that occurs in that box?

MR. LAHS: 1In that box, for our representative cask,
remember our cask had a lead shield, and you are obviously
talking about lead melting, so you could either partially lose
the shield, the shield could melt, when it contracts, voids
could be created, you could have an increased direct radiatien
hazard and because of the fire you could have seal failure.

You could have actual radiocactive material releases out through
the seals.

COMMISSIONER BERNTHAL: There are no dangers from the
lead melting of structural damage to the internals that you
could begin to compromise ==

MR. LAHS: The expansion or something like that?

COMMISSIONER BERNTHAL: Such that you could get

criticality or anything like that.
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MR. LAHS: No. When we looked at criticality, it is

mentioned briefly in the brochure, but the safety that is belng

provided against criticality accidents is such that the

estimates that we were making on criticality events were

numbers that are just »ot helicvaed, 10 to the minus and I can't

resember the number offhand, but it was like 10 to the minus 13

or 14, it is hard to honestly believe that such an event is
critical,

COMMISSIONER BERNTHAL: Seal failures would occur
from over pressure if they occur?

MR. LAHS: From either mechanical damage or some of
these seals could degrade as the temperatures get higher than
say 550, depending on the type of seal you are talking about.

MR. THOMPSON: Even in these cases, the radiation
dose levels are not so significant, they are like four times
the regulatory limit, that is like four renms per hour for a
shielding loss and it is a little more complicated with the
more aercsol release but it is still, making a lot of
assumptions, like less than 25 rem dose to somekody who would
be like 100 feet away who might be in the cloud. That is a
nigh dose level but it is not like you are going to have a
lethal dose.

MR. LAHS: That is a fair characterization.
Obviously as you are getting up, as you go to the upper levels,

the uncertainties, what if, and it is difficult.
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COMMISSIONER BERNTHAL: 1In aged fuel like this, aged
spent fuel, what is the principal remaining volatile component?
Cbviously if the iodine we tend ﬁo worry about is all gone,
many of the noble gases I guess are all gone.

MR, LAHS®* Cesiux, «hich is a180 ==

COMMISSIONER BERNTHAL: It is not really a volatile.

MR. LAHS: It can be. Krypton is around as a gas.

(SLIDE. )

MR, LAHS: The last chart is the third perspective
which is a risk perspective, a study similar to what was done
in the 1977 environmental impact statement. Again, just
focusing your attention on the bottom line, the 1977 study
estimated that if you looked at accident risk aolociattd.with
spent fuel transportation, they came up with a number of .0004
of latent cancer fatalities per year,

We think the study that Livermore did is a little
more precise, a little more accurate. Our re-evaluation led to
a figure that was about one-third of that value.

All of what I talked about today is Available in a
published report, NUREG/CR-4829. It was peer reviewed by the
Denver Research ‘Institute, 1I honestly believe that taken
together with other things, that the study does provide some
new insights for people to make judgments on their own sn the
adequacy of the regulations. The brochure you have was

produced with the expectation tha* the study's results could be

— Pr—
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more accessible and comprehensible, not 6n1y outside the agency
but within the agency.

MR. THOMPSON: We congratulate Bill. I know it is a
popular document. I think we have provided thousands of these
documents primarily to the state liaison officers for their use
in advising the Governors, ana to state legisdators. I think
Bill has made presentations to the state legislators. It is a
well received report and one that I have found to be very
useful in trying to communicate to the public in what the risk
with respect to transportation of spent fuel is today. It is a
very, very volatile issue, particularly in the states that are
trying to look for reasons to be opposed to anything dealing
with the spent fuel high level waste rapository.

‘There are still some issues that we have before us
that we are looking at this year in coordination with Research,
such as the nodular cast iren material, which is a non-
specification material that is subject to more brittle fracture
CencAarns. We use and have licensed some of these casks for
sndependent spent fuel storage applications but not in
transportation because of the brittleness.

Other countries have licensed these casks and there
has been some attempt at one time to inveolve NRC in agreeing to
the approval of that type of cask design. We had a research

project look at this activity and we concluded that some

additional infermation may be necessary, certainly we have
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1 serious doubts right now based on the information that we have,
( 2 that it is useful to try to use nodular cast 1:65 as part of

3 the material. I think Research will be providing us with

4 information shortly on what our expectations would be. hether
5 it is worth pursuing

6 I don't believe we have a license application before
7 us and it is probably not useful to spend a lot of NRC money in
8 this activity at this time.

9 COMMISSIONER BFRNTHAL: Is that the German design?

10 MR. THOMPSON: Primarily the German design.,

11 COMMISSIONER BERNTHAL: The concerns are both about
12 mechanical integrity under stress and response to high
13 temperatures? Wwhat is the principal concern?
14 MR. THOMPSON: Certainly brittle fracture.
15 MR. MacDONALD: Not ©o much the éonporaturo as the

16 fracture and toughness of the material. As Bill went through

17 the modal study, using some strains of 10 percent or so. and

18 higher than that for the materials that are currently used in
19 spent fuel casks, the nodular cast iron casks would not have

20 that type of ductility, you may not be able to develop the full
21 strength of that material before you would have a failure. The
22 concern would be of having a cask breaking open. We believe

23 this should be looked into before proceeding in that area,

24 There are concerns about the material,

reproduceability of the material and the material being a non~
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specification, not having a specification for that naterial.
The code such as the ASME code would not accept that material
for nuclear application. There are a lot o? gquestions that
would remain before we would see noving inte an area of using a
material which certainly =n ap.eciunce would be an inferior
material.

COMMISSIONER BERNTHAL: ©On what basis has Germany
approved it? Do they have less stringent standards than we are
applying?

MR. MacDONALD: I rezlly do not know.

MR. THOMPSON: The next two issues primarily relate
to using the current type of material we have and either going
with a different design, which is the rectangular design, and I
think most of the casks you *ave seen are basically circular
and the question is you may get a greater capacity in a cask
resulting in fewer shipments, but you again have a more
difficult time being able to demonstrate it meets our
structural requirements in Part 71.

Likewise, the credit for fuel burn up. We talked
earlier about criticality issues and our ability to really
understand what our safety margin is from a criticality aspect,
In transportation, we do not have and do not give credit right
now for fuel burn up. That is one of the issues we will
continue to look at. Pecple feel they can get increased

storage capability in the existing cask if we will give them
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credit for that.

There are questions on accountability, recordkeeping,
measurements, different criticality in the rod, if you knew you
had a general burn up, being able to know what it is in the
various physical locations within the rod itself, spent fuel
rod itself., Those are some of the issues that are important.

Finally, the issue of the plutonium in the air
transport. I think that is the one we talked about earlier.

It is one which could take a significant amount of agency
resources to do., Certainly depending on what the general
“ounsel comes up with on what the requirements really are, it
could require us to develop new criteria and then conduct
various tasting associated with those new criteria.

COMMISSIONER BERNTHAL: What is the credit for fuel
burn up? I understand in principle. Can you give me a 20 word

or less summary?

MR. THOMPSON: I will let Chuck MacDonald give you A
20 word or less.

MR. MacLONALD: Our hope is to increase the fuel load
capacity in the cask, by increasing the capacity, you reduce
the number of shipments that you would have t» make.

MR. THOMPSON: I think it is a criticality issue.

The question is how much of the fuel, if you haa fresh fuel in
there, you have certain poison type barriers as part of the

basket strusture that vou place the spent fuel in and ship it~
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in, such that if you put that in even a pool of water, just for
loading and unloading, that you won't have a criticality
accident. That is it has to be flooded. The time that you
really flood the transportation cask, unless you have an
accident, it {s werlly lcading and unloading.

MR. MacDONALD: As far as the function that the fuel
balkcé would perform. It would hold the fuel assemblies, there
would be a neutron absorber as part of that fuel basket and
there would be some spacing in there for moderation of the
neutrons so they could be absorbed, and if you can do away with
the neutron absorbers, do away with some of the spacing ==~

COMMISSIONER BERNTHAL: For high burn up fuel?

MR. THOMPSON: That's correct.

MR. MacDONALD: For higher burn up as the reactivity
would decrease, It certainly is not an issue that as fuel
comes out of the reactor, that it does have less reactivity.

COHMISSIbNER BERNTHAL: I guess I am surprised it
makes such a difference going from reqular burn up to what we
call high burn up. Maybe it does.
| MR. THOMPSON: No, we don't give credit for any burn
up.

MR. STELLO: We assume it is fresh.

COMMISSIONER BERNTHAL: You assume all fuel is

fresh,

MR. STELLO: Highest reactivity you can get in a fuel
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is assumed. Then you have to add absorbers, poison, to
accommodate the =--

COMMISSIONER BERNTHAL: The question before you is
whether to offer a credit fcr the burn up.

MR. STELLO: VY u gl.e Lhem a credit if you can get
more fuel back in and take out some of the poison.

COMMISSIONER BERNTHAL: That is extraordinarily
conservative.

COMMISSIONER CARR: You want to make sure they don't
unload a recently loaded fuel.

MR. THOMPSON: The question is how you would go about
having assurances. There is no clear measure that you can make
that says this is 10 percent burn up or 1,000 megawatt day burn
up.

MR. STELLO: Your accounting and recordkeeping system
if you do this is going to be very, very significant.

MR. THOMPSON: Perhaps we could back off some, but if

you back off sume, is it worth it to go through the whole

process,

MR. STELLO: We don't know but that's the end of our
briefing.

(Laughter.)

COMMISSIONER BERNTHAL: You didn't know that, did
you?

MR. THOMPSON: No, I didn't. Again, just to re-
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emphasize it, transportation is probably the area in which the
public comee in closest contact with it and it is one where
almost every state has an area of interest and one that I think
will be before the Commission for some time. We wanted you to
be aware of the things that we were working on and to let you
know that we think this is a program which has achieved a very
high level of safety and assurance of adequate protection of
public health and safety.

CHAIRMAN ZECH: Thank you very much. Any questions
from my fellow Commissioners? Commissioner Roberts?

COMMISSIONER ROBERTS: No.

CHAIRMAN ZECH: Commissioner Bernthal?

COMMISSIONER BERNTHAL: I don't really have many
questions, I guess. I also want to compliment Bill, the author
of this study, on the work he has done, in two respects. One,
although I wouldn't attempt to analyze the technical details of
the product here, you presented it in a way that I think is
very good. It is a very good educational document, to say the
least,

I also like the fact that the name of the author is
on the document. That is something that we have talked about
very often in connection with research work that comes out of
this agency. That is not just because I especially want to
contribute to his publication list, which is fine. It cuts

both ways. That means he is accepting responsibility for this
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product and it is not under the louotinol gray ilprinatur‘or
the U.S. Nuclear Regulatory Commission only. .

I would encourage that scrt of thing. Let's get tha
authors' names on it and let them stand by their work.

The vne othe~ i*~r I weoulld mantion is there must have
been a good deal of rather detailed technical work that is
behind this somewhat more popularized version here. Have you
published that work and do you intend to?

MR. LAHS: That is the NUREG document.

COMMISSIONER BERNTHAL: It is only published as a
NUREG. Are you going to put it in a journal? Are there
appropriate portions for a journal?

MR. LAHS: The people at Livermore have published
Some papers on the study. 1In general, the results of this
study have been pubiilhod.

COMMISSIONER BERNTHAL: Again, I would encourage you
to the extent, both for your own professionsl good and to
maintain the principle here, that those parts that are
publishable, you be encouraged to put them in a standard line
journal.

MR. STELLO: We will go back and make sure there

isn't any further work that we can publish,

COMMISSIONER BERNTHAL: Again, I compliment you on a

nice job.

MR, LAHS: To be fair, a lot of Hugh's people worked
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very hard and you have a great graphics department, too.

COMMISSIONER BERNTHAL: We ought to be doing more of
that sort of thing for public education as well as for other
reasons. It is a great contribution to helping the public to
focus on where the real risks arc i, thls business and also are
comparing the risks in this business to many other risks that
we live with on a daily basis.

That is really all I have to say. It was a good
briefing. Thank you,

CHAIRMAN ZECH: Commissioner Carr?

COMMISSIONER CARR: MNo questions.

CHAIRMAN ZECH: Commissioner Rogers?

COMMISSIONER ROGERS: Just one question., What is the

material of the outer shell?

MR. LAHS: Stainless steel.

COMMISSIONER ROGERS: I just want to reinforce what
Coumissioner Bernthal just said. 1T think this publication is
very lttractivo.. 1 think it is a good thing to represent the
Commission by and I would like to compliment you on a fine job.

MR. LAHS: Thank you.

CHAIRMAN ZECH: As we all know, a number of states,
48 you mentioned earlier, have been very interested in
transportation matters on a continuing basis for nuclear

materials that will be going through their states.

Are we working close enough with the Department of
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Transportation, dc we need to develop any new guidance or
policies as far as transportation is concerned?

MR. STELLO: We have very good relations with them
and work very closely. We have made changes over the years.
Quite frankly, if scme of the lagislaticn that is at issue
prevails, it will drive the Department of Transportation and us
to do considerable work. The bill provides for specific
regulations to be developed jointly.

CHAIRMAN ZECH: We do have a continuing relationship.

MR. THOMPSON: Our relationship has been good, I
think we have no communication problems that I am awvare of. It
is important that we do this, we maintain that type of
communication,

CHAIRMAN ZECH: We haven't had many serious problems
occur in these packages, Every so often, we have a problenm,

We have had a few. Is there any additional things you are
aware of that we should be doing on packaging of radioactivq
wastes? Do you think the casks and our responsibilities are
adequately taking care of the radicactive waste
responsibilities that we have or are there other things we
should be doing?

MR. THOMPSON: We are very comfortable with the level
of protection of the public that we have with our current cask
designa. The area that is being pushed by the industry to a

certain respect is getting credit for fuel burn up. They would
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like to muaybe reduce some of that margin. We obviously are
being very careful and thorough in our review before we elect

to reduce any of this margin that we have to reach the level of

-

protection we nave today, just to make sure that we don't back

awvay from it

There are also questions conce ning th

L

o lelal b

S ™
WiV Al

wed guards for the spent fuel. Th the other area
where there is sone ¢ ! that we

should not

-

it, to keep that level of protection.

It gets into emergency response.

area that a question Keeps coming up, it is the adequacy of the

local pecple who Lrst on the scene of

dent
ns

response.
We balieve and I think DOE in the recent law will
A need to have an increased level of training at state and
>cal emergency 8spo organizations. I think our role has

been to UST on the adequacy of the cask desian in those

Areas. ! omfortable with ours There will stil} continue
tO be an issue with the state and locals on that.

COMMISSIONER CARR: Do we hava a feedback and lessons

learned from the accidents we have had?
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MR. MacDONALD: Our accident experience as fat as
Type B packages are concerned has keen there has been no
release *rom thocre packages. fhat involves some 50 accidents
for a 15 year reriod or so. Spent fuel casks have been
involved in accidents bu* thay seiluim aw designed.

The smaller packages that are not designed to retain
tieir contents in an accident, they do release the contents in
accidents. However, the contents are limited so that it is not
a significant health and safety hazard.

The system does seem to be working.

COMMISSIONER CARR: I would hope we do review them
for lessons learned, if there are any.

MR, STELLO: I think the answer is yes but the
lessons learned are more as to how to respond to the accidents.
The typical accident you have is ==

COMMISSIONER CARR: All I am saying is look at them
and make sure there is not something we can learn.

MR. STELLO: From the point of view of how to deal
with thenm; yes.

CHAIRMAN ZECH: Wasn't there a recent incident
involving radicactive waste from TMI II material?

MR. THOMPSON: I remumber one where there was a train
collision. I want to say in St. Louis.

CHAIRMAN ZECH: A rerouting problem.

MR. BURNETT: It was up in Minnesota and it
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accidentally got put on an off track, iioroutinq and it wvas
picked up later.

MR. THOMPSON: I believe a train hit,

CHAIRMAN 2ECH: What is the most significant accident
to one of our casks that we have had?

MR. BURNETT: Chuck, how about the one a few years
ago ocut west where the cask was actually thrown off the truck?

MR. MacDCNALD: Yes. That would probably be the one
cutside Oak Ridge, lennessee, which contained an overfuel cask,
The truck tock some evasive action to avoid a coallision. The
package went into the side of the ditch. The driver was a
fatality, The cask separated 7“rom the vehicle and slid some
200 feet and came to rest. The pecple out of Oak Ridge
National Laboratory responded to the scene and recovered the
package, tock_ie into the National Laboratory. It was
inspectad and it was only superficial damage to that package.

CHAIRMAN ZECH: No radiclogical release?

MR. MacDONALD: No releases. We have had cases where
there are heavy concentrated loads, where problems with the
trailers may crack and have weld failures. In this case, the
cask essentially carries the trailer. The safety is not really
dependent upon that trailer and you see the industry coming
back to redesign the trailers in that type of equipment.

CHAIRMAN ZECH: Let me thank you very much for a very

interesting and valuable presentation. I agree with the
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recognition that has been given to you, Bill, fer your

2 contribution to our agency and to our country,

3 The modal study represents a significant body of work
“ and I think the findings represent certainly some confirmation
5 that our regulations An nrevide a reasonable level of safety in
6 the transportation of radicactive material. I think the study
7 was very useful in that regard.

8 It is important that we continue our close

3 i8Sociation with the states and with the public regarding

1 transportation of radicactive material. I do believe we should
11 continue a close relationship with the Department of
12 fransportation and the Department of Energy also, especially
13 with regard to our safety responsibilities.
. inis is a matter that we don't discuss at this table
very often. it is very important. I think all the
mmissioners agree with me that certa nly we all feel a rery
@I Tesponsibility in this area of nucliear materials as wel
A8 The reactor progranms.
19 I think the briefing today was very useful, very
d Neipful ard very professional. Thank you very much. We stand
el Adjourned.
r ¥ (Whereupon, at 3:130 P.Mm., the meeting was adjourned. )
<4
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TRANSPORTATION

OF

RADIOACTIVE MATERIALS



DOoT

REQULATORY RESPONSIBILITIES

SCoPcE

TRANSPORTATION OF ALL HAZARDOUS MATERIAL INCLUCING

RADIOACTIVE MATERIAL. RESPONSIBLE FOR ROUTING OF

SHIPMENTS.

TRANSPORTATION OF RADIOACTIVE MATERIAL BY DOE

AND ITS CONTRACTORS.

TRANSPORTATION OF LICENSED RADIOACTIVE MATERIAL.

RESPONSIBLE FOR ROUTING SAFEGQUARDS FOR LICENSED

MATERIAL
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PACKAGING CONSIDERATIONS

PRI

!
. PACKAGE
. TYPE

. AGENCY

SAMPLE
CONTENTS

i

'BULK OR

STRONG,
TIGHT

DOT

URANIUM ORE AND
CONCENTRATE PLASTIC

AND PAPER WASTES FROM
CONTAMINATED AREAS,
SMOKE DETECTORS,
MEDICAL TEST xITS

TYPE A

DOT

MEDICAL iSOTOPES,

LOW LEVEL RESIN
CLEAN-UP WASTES

FROM RFEACTORS

SPENT FUEL., HIGH

LEVEL WASTE, IRRADIATED
REACTOR COMPONETS,

‘ RADIOGRAPHIC DEVICES

" —_—

[ S

CONSEQUENCe OF
PACKAGE FAILURE

DESIGN
CRITERIA

MUST WITHSTAND

TO TRANSPORT

49 CFR PART 1708

MUST WITHSTAND

NORMAL CONDITIONS
OF TRANSPORT

49 CFR PART 173

SEMIOUS HEALTH HAZARD

I CONTENTS RELEASED,
SHIELDING IS LOST, OR

CRITICALITY CONTROLS FAIlL

— ——,e

MUST WITHSTAND

NORMAL TRANSPORT
AND SEVERE ACCIDENT

CONDITIONS

10 CFR PART 71

— e ————————————————




DOT/NRC MEMORANDUM OF UNDERSTANDING

JULY 2, 1979

DOT

* SEAVES AS NATIONAL COMPETENT >
AUTHORITY FOR TRANSPORTATION
OF RADIOACTIVE MATERIAL

* DEVELOPS STANDARDS ~ REQUIREMENTS -
FOR TYPE A AND L3SA PACKAGES

NRC

DEVELOPS STANDARDS .~ APPROVES
TYPE B AND FISSILE MATERIAL
PACKAQES

LEAD ROLE IN INVESTIGATING
ACCIDENTS WHERE DAMAQE OCCURS
TO NRC APPROVED PACKAQES

DOT _AND NRC

INFORMATION EXCHANGE, CONSULTATION AND ASSISTANCE
WITHIN AREAS OF SPECIAL COMPETENCE

INSPECTION AND ENFORCEMENT PROCRAMS WITHIN

INDIVID' JAL AREAS OF JURISDICTION

-



NRC - DOE PROCEDURAL AQREEMENT

FOR NUCLEAR WASTE POLICY ACT SHIPMENTS
NOVEMBER 3, 1983

ESTABLISHES WORKING RELATIONSHIP FOR TRANSPORTATION
ACTIVITIES UNDER THE NUCLEAR WASTE PCLICY ACT

EXPRESSES DOE’S INTENT TO USE NRT CERTIFIED PACKAQES

PROVIDES FOR PRE-LICENSING CONSULTATION ON PACKAQGE
DESIGN, DEVELOPMENT, AND TESTING

ESTABLISHES PERIODIC MELTINGS TO EXCHANGE INFORMATION
ON TECHNICAL ISSUES ANO POLICY ASSUMPTIONS
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NRC CERTIFICATION OF DOE PACKAGES

NRC CERTIFICATE NOT REQUIRED FOR MOST DOE
SHIPMENTS, DOE HAS OWN CERTIFICATION PROGRAM

RECENT LEQGISLATION REQUIRES USE OF NRC CEERETIFIED
PACKAGES FOR NWPA SHIPMENTS

SIGNIFICANT INCREASE IN DOE APPLICATIONS
IN FY 88 —~ FY 92 (NAVAL REACTORS,
WEST VALLEY, NWPA AND WIPP)

LIMITED RESOURCES TO REVIEW INCREASED
COE CASELOAD

NO FORMAL PROCEDURE EXISTS BETWEEN DOE
AN NRC FOR PACKAGE REVIEW (EXCEPT
FOR NWPA) |



PROJECTED TRANSPORTATION CASEWORK

- LEGEND

~
4 COMMERCIAL

164
“ NAVAL REACTORS

% /) DEFENSE PROGRAMS
N
12+ \ k\ WEST VALLEY

Pu AIR

m NWPA

NWPA PRE—APPLCATION

FTE'S

i

vy

1 TECHNICAL ISSUES

— AVAILABLE RESOURCES

7 1988 1989 1990 1991 1992
FISCAL YEAR

1
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m




MEASURES TO MANAGE EXPECTED

SHORTFALL IN NRC RESOURCES

REQUIRE DOE TO CERTIFY PACKAGES PRIOF TO SUBMITTAL.
- SHOULD RESULT IN MORE COMPLETE APPLICATIONS

REQUIRE DOE TO PRIORITIZE PACKAGE REVIEW NEEDS

CONTRACT OUT FOR TECHNICAL ASSISTANCE FOR PACKAGE REVIEW.
- WOULD REQUIRE ADDITIOMAL RESOURCES

CONSIDER REPROGRAMING OF FTE'S IF POSSIBLE.



SUMMARY OF PHYSICAL PROTECTION REQUIREMENTS

CAT | CATY CAT SPENT FUEL
(1] (2] 3 {s]
1 ADVANCED ROWUIE AFF OVA" e g
2 W(D ESCORTS 4
3. ARKED ESCORTS IN URBAN AREAS 4
4. COMMUNICATION CENTER/CALL—INS v v
S ADVANCED LEA COORDINATION v ® 4
€& RADIO TELEPHONE /CB BACKUP v v
7. SPECIALIZED CARGO VEHICLE v
8. IMMOBILIZATION OF CARGO VEMICLE v v
9 UNARMED ESCORT IN NONURBAN AREAS b
10. ADVANCED mnon d " b
7. TRAINING, PROCEDURES AND INSTRUCTIONS s s
12. NO CASUAL STOPS/SURVEILLANCE < 7
13 PROTECTION OF SCHEDULING INFORMATION s -
14 CONVENTION NOTIFICATION v v 4 "
HTES
1 MORE THAN S KGS OF MIGHLY ENRICHID URAMUM (HEU) OR MORE THAN 2 HGS OF Pu.
2 1 10 S KOS OF MEU, SO0 CRAMS TD 1 »G Pu
3 1% CRAMS TO 1 MG MCUL 13 TO 500 GCRAMS Pu
& MORE THAN 100 GRAMS OF IREADIATED LOaium MEASUSING 100 REM'S AT THREE "SET UNSHIELDED.




EMERGENCY RESPONSE ROLE OF THE NRC

ASSURES THAT STATE AGQGENCIES, DOE AND OTHER
AFFECTED AGENCIES ARE INFORMED OF THE ACCIDENT

PROVIDES INFORMATION ON NRC-CERTIFIED PACKAGES

OFFERS OTHER TECHNICAL ADVICE AS REQUESTED

ONLY ASSUMES RADIOLOGICAL CONTROL OF THE INCIDENT
SCENE UNTIL STATE OR LOCAL AUTHORITIES ARRIVE
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ADEQUACY OF REGULATIONS

COMMISSION REAFFIRMED ADEQUACY

(46 FR 21219) AS RESULT OF
NUREG — 0170

OFFICE OF TECHNCLOGY ASSESSMENT
CONCLUDED REGULATIONS PROVIDED A
HIGH LEVEL OF PUBLIC PROTECTION

FULL SCALE TEST RESULTS

MODAL STUDY

/10
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ISSUES ADDRESSED BY "MODAL STUDY"

* RELATIONSHIP BETWEEN EXISTING PERFORMANCE TESTS
AND REAL-WORLD ACCIDENT ENVIRONMENTS

*« CHARACTERIZATION OF POTENTIAL RADIOLOGICAL HAZARDS
WHICH COULD BE CAUSED BY LOW PROBABILITY SEVERE

ACCIDENT EVENT

//
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SHIPPING PACKAQE (CASK) RESPONSE TO SEVERE HITHWAY

AND RARLROAD ACCIDENT CONDITIONS

OVERALL OBJECTIVE

ZVALUATE THE LEVEL OF SAFETY PROVIDED FOUR U.S. SHIPMENTS

OF COMMERCIALLY QENEHATED SPENT FUEL - FOCUS ON TRANSPORTATION
ACCIDENTS AND CONSIDER THE "NEAR FUTURE"™ INCREASES IN

SPENT FUEL TRAFFIC.

GENERAL APPROACH
EVALUATE THE PERFORMANCE OF SPENT FUEL CASKS, L'CENSEZD

UNDER THE EXISTING REGQULATORY REQUIREMENTS, WHEN SUBJECTED
TO LOADINGS ASSOCIATED WITH TRANSPORTATION ACCIDENTS.

R



Accident Scenarios

® "Soft"” Target Vis-a-Vis
Spent Fuel Cask

® Velocity

@ Impact Angle
® Object Surface
® No Fire or Fire

Impact Velocity

@ = Impact Angle

} = Cask Orientation Angle

13 A
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R o nes R Kt

Typical Radioactive Presumed if either:
Material Release
(1) Cask containment vessel strain

Pathwav between 0.2 and 30 percent,
or

(2) Centerhne gamma shield
temperature between 500°F
and 1050°F

. Vapors, and Aerosolized
Particles to Cask Cavity
/_Fuﬂ Clagaing

Spacer —

Lower End Cap——__

L

V——S“‘s
: Claagding
\ Gases, Vapors Poliets /
‘\ and Aerosalized Neutron Shield /
Porticles 10 the
\ Emaronment Outer Shell
\ /
/—-G‘mma Shield /
""""""""""""""""""" b/ /
Z
7
o
77
/
- - - - - - /'
Inner Shell —-/
(Contanment)

13




CASK CHARACTERISTICS

AND RESPONSES

Typical Radiation
Level Increase as a
Result of Lead
(Gamma Shield)
Slumping

Fuel Bundle

Voud

Cask
,’ Centerline

7

/I’/;

P T E——

L

.
.0.:1
. .

. .:00

e* e
e 85 det
g R o..o.'
. ........ ®o ¢
.. o @ ...'
2% Areasof 4 o
2% .0, Increased , ¢
'+',%  «Radiation. ¢ ¢
ee oo level W07
e ..‘...:‘
... ..0... o
... ..l
-0

| ead Gamma
Shield

Cask Containment
Shell

Radiaticn Level
flog)

Presumed if either:

(1) Cask containment vessel strain
exceeds 0.2 porcent, or

(2) Centerfine gamma shield (lead)
temperature exceeds B00°F

Allowable Under
Accident Conditinrs |
/ |

Increasing
Radiation
Levels As Void
(Lead Slump)
Increases

Distance From Cask
v}'

USRI



Cask Response

(Damage) Regions

l' 'r;u’:p' “ R R (4,3) R(4.4) R 45
‘/ 4AMA(%E NOT| READIL, -~

8

o
"

Structural Response, %
(Maximum Stram on Inner Shell)
L]

SUPERRACIAL DAMAGE

[ d

MINOR DAMAGE

600 650 1050

Thermal Response, *F
(Centerline Lead Temperature)

MAJOR DAMAGE

79

DAMAGE EXCEEDING DEFINABLE
RANGES

T g ——

15~



THREE PERSPECTIVES PROVIDED BY

MODAL STUDY RESULTS

ACCIDENT LIKELIHOODS PRESENTED IN TERMS WHICH
COMPARE POTENTIAL FOR A RADIOLOQICAL HAZARD T0O

VALUES SPECIFIED IN CURRENT PACKAGE ACCEPTANCE
CRITERIA

-

TOTAL ANNUAL ACCIDENT RISK

PROBABLE RESPONSE OF REPRESENTATIVE CASKS TO
SEVERE ACCIDENTS ON RECORD

16



Accidents With No
Expected Radiological
Hazards

"~ 980 of Every 1000 Accidents

® “Soft” Target Vis-a-Vis
Spent Fuel Cask

® No Fire or Fire of
Either Limited Extant,
Temperature, or Duration

v 44 of Remammg 50
Accidents

One or More of the
Following Apply:

® Velocity Too Low

® Impact Angle Too
Shallow

L] Oblf‘(‘i Surface Too Soft

® No Fire or Fire of
Either Limited Extent
Temperature, or Duration

Conclusion

1G4 f B 1
+« O cvel FTUCH

A tents Generate F

a

(3

Cask Velocity

i’ B,
T g,

Object . » |
* - Surface

Impact Velocity

Impact Angle

Cask Orientation Angle



Fraction of Truck Accidents
Involving Spent Fuel
Shipments that Cause

Cask Responses

Within Each Response

Region

;.
£
.~
y A .
Uzk. v:' per
8 5 Thousand
v e S,
o - -
- (2)
oy -
d £
 ®
- 3
S& S,
EE 02
h B
-
< v M per
Thousand

77

[

500 (600 (650

pnnsn | g5 Than 1 per NMulion
(All Boxes)

1 per Million
(All Boxes)

" .

per 100 per 100
Thousand Thousan

THERMAL RESPONSE, *F
(Centeriine Lead Temperature)

d
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Predicted Cask Response to
Selected Historical Accident

Events

CALDECOTT TUNNEL FIRF 4/'®2 Pradict ' Cack Response 180 BRIDGE ACCIDENT - /1

¢ 3} Vehicle Collision —~ Gasoline ¢ No Significant Impact Damage o Colisson With Pickup Truck
Truck:Traller, Bus and “Soft” Objects and Fall trom 64-Foot Migh
Automabile o 45 Minutes * 1900°F Causes SO0°F 8nage Onto Soil

¢ § 800 Gallons of Gasoline Centerline Temperature Predicted Cask Response

¢ Fie of 2 Hours and 42 Minutes
40 Minytes ¢ 1900°F

/;%7//

”""I
0 5 a0 650 10'50
Centerline Lead Temperature (°F)

Maximum Strain on inner Cask Shell (%)

| 77
' ! J

No Raa WpCd Hazaro RadoioQwWal Maiad K ade0log i 3l Hajad
2 nngles Exceeds Complance
p ’ values By Up 0 a
Factor of 4

¢ 44 mph Impact
s No Significant Impact Damage

LIVINGSTON TRAIN FIRE - 9/82

¢ Decailment of Vinyt Chionde
Petroleum THnk Cars

¢ Large Fires for Seversi Days
Moved Over Large Area

¢ 2 Explosions

Pradicteu Cask Rasponse

e Maumum Probabie Cask Exposure
10 Petroveum Firn - Betwesn
82 Mours and 4 Days

* No Sgndficant Damage from
Expiosdn

s Centerling Shield Temperature
Between BOPE ana T
Dependent on Degree of
Cass involveiment

DERAILMENY ON ALARAMA
RIVER BRIDGE v/ 79

* Plunge O 7% Fhot bagh
Bnage

¢ Radcar impacts into Wate
ana Mud

Predicted Cask Response
¢ 47 mph Impac! Son 1 gt

¢ No Swgmibcant impact Taa? o1
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RISK:RESULTS - COMPARISON -

3V gngAsTf FES: EVA},QAT;Q&@ i

-Q\\“Q- -, - W

FES LLNL STUDY
(NUREG-0170) RESULTS
ESTIMATES
Fraction of Transportation )
Accidents Involving Spent 0.09 (Truck) 0.006 (Truck)
Fuel Shipments Causing 0.20 (Rail) 0.006 (Rail)

Any Radiological Hazard

Fraction of Transportation
Accidents Involving Spent
ruel Shipments Causing
lLLargest Estimated
Radiological Hazard

0.00001 (Truck)
C.00013 (Rail)

0.004 (Truck)
0.002 (Rail)

Overall Annual Risk

From Transportation
Accidents Involving

Spent Fuel Shipments

T

0.0004
Latent Cancer
Fatalities Per Year

Less Than 1/3
of FES Value




NEW ISSUES
+ NODULAR CAST IKON

* RECTANGULAR SHIPPING CASKS

* CREDIT FOR FUEL BURNUP

21



NHC TRANSPORTATION EVENT RESPONSE

SO URCE REFORTABLE EVENT DISCRIFTIONS COMPRED BY AROC FOWM 1990 Ture

AEOD CHARACTERIZED 25 EVENTS AS TRAMSPORTATION RELATED;
¥ INVOLVED VEHICLE ACCIDENTS - OTHEARS INCLUDED HANDLUING
DAMAGE, LEAKING PACKAGES, ETC.

-

OF 25 EVENTS, 4 INVOLVED MATERIAL RELEASE: NARC (REGION 1v)

RESPONDED TO ONLY ONE (YELLOW CAKE TRUCK COLLISION WITH
TRAIN IN NORTH DAKOTA)

33 TRANSPORTATION EVENTS: ® VEMHICLE ACCIDENTS, 4 INVOLVED
PACKAGES FALLING FROM VEMHICLES., OTHERS INCLUDED HANDLING
DAMAQE, THEFT OF VEHICLES, ETC.

OF 33 EVENTS, 4 INVOLVED MATERIAL RELEASE; NRC DID NOT
RESPOND TO ANY OF THESE EVENTS
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ADEQUACY OF REGULATIONS

————

OFFICE OF TECHNOLOGY ASSESSMENT RCPORT

* EXAMINED TRANSPORTATION OF HAZARDOUS MATERIAL

* CONCLUSIONS ON SPENT FUEL TRANSPORT :

NRC PERFORMANCE STANDARDS YIELD CASK DESIGN
SPECIFICATIONS THAT PROVIDE A HIGH LEVEL OF
PUBLIC PROTECTIOMN, MUCH GREATER THAN AFFORDED
IN ANY OTHER HAZARDOUS MATERIAL SHIPPING

ACTIVITY. 7

THE PROBABILITY OF AN ACCIDENT SEVERE ENOUGH
TO CAUSE EXTENSIVE DAMAGE CAUSED BY RADIOLOGICAL
RELEASE FROM A PROPERLY CONSTRUCTED CASK IS

EXTREMELY REMOTE.



ADEQUACY OF REGULATIONS

NUREG - 0170

BASED ON:
* INFORMATION DEVELOPED

* PUBLIC COMMENT RECEIVED
* SAFETY RECORD

THE CCMMISSION CONCLUDED THAT:

PRESENT REGULATION PROVIDES A REASONABLE

DEGREE OF SAFETY AND THAT NO

IMMEDIATE

CHANGES ARE NEEDED TO IMPROVE SAFETY
(46 FR 21219)
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Highway and Railroad Accidents
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OVERVIEW

Accidents With No
Expected Radiological
Hazards

v 980 of Every 1000 Accidents

® "Soft”" Target Vis-a-Vis
Spent Fuel Cask

® No Fire or Fire of

Either Limited Extent
Temperature, or Duration

& N ..

P r——————

o

44 of Remaining %0
Accidents
One or More of the
Following Apply

® Velocity Too Low

@ Impact Angle Too
Shallow

® Chject Surtace Too Soh

® No Fire or Fire of

Ether Limited Extent
Temperature. or Duration

Conclusion

994 of E'\.‘éf! 1000 Truck
Accidents Generate Forces
Incapable of Causing Cask
Functional Damage

Y SRl
. . "
‘
Impact Velocity
@ = Impact Angle
B - Cask Oriemtation Angle




OVERVIEW

Summary of Objective
and Results

The objective of this study was to
characterize the level of safoty for
commercial spent nuciear fuel
shipments shouid they tecome in-
volved in severe transportation ac-
cidents. Researchers evaluated a
(road spectrum of severe, his-
torica’ly documented, truck and
rail accidents that caused death,
injury, or significant property
damage and assessed the minimil
level of performance that should
be achieved by NRC-licensed
gpent fuel shipping casks, The
results, illustrated in the figure on
the opposite page, indicate that
no radiological hazard would te
expected ir at ieast 394 of evury
1000 severe transportation acci-
gents. In only about Jne acci:
dent every 40 million shipment
miles (or once every 13 year,
assuming 3 million shipmen! miles
per year) would minor functional
cask darhage be expected. If any
radiologi.;al hazards were created,
their magnitude would be #xpacted
to be less than currently-defined
compliance values in exig'ing
regulation. In only about one acci
demt evrry 80 million shipnment
miles could cask damag be
significant enough to ceuse a
radiological hazard which cuuld
equal or slightly exceec existing
compliance values

The data from docurr ented severe
accidents had to be xtrapolated
to characterize extre/nely severe
accidents for which experience
provided no models This process

led to the finding that in about 1
in 100,000 truck accidents and ! in
10,000 rail aciidents, extensive
damage to cask and fuel could oc-
cur. In these situay ns, engineer-
ing judgment was usec to conser-
vatively estilmate the resulting
radiological hazard; however,
predictions made under such
unlikely accident conditions are
subject to uncertainty.

in an attempt to gauge this uncer-
tainty, the stuJy assessed the
potential for a radiological hazard
in extrer aly severe accidents by
assuming that a spent fuel shipping
cask with minimally acceptable
capatilities was involved in the four
documented severe accidents
shown on page 29. The most likely
outcome in thrae of these four
accidents would be minur or super-
ficial damage to the cask and no
radiolo gical hazard. In the fourth,
and under some circumstances in
two of the thiee previous sccidents,
a radiological hazard could occur.
Its magnitude would be less than or
comparable to the hazard implied
by complance values in existing
NRC regulations.

As a final noint of reference, the
risk of spent fuel shipments was
evaluated and compaied with
previous estimates used in assess-
ing the adequacy of existing
regulations. The resulting risk level
was less than one-third of past
estimates,

BACKGROUND

Over the last 10 years, thousands
of shiprments of commercially
generated spant nuclear fuel have
been made throughout the United
States without causing any ad-
verse radiological consequence to
membars of the putdic. In the near
future, the numbe. of these
shipments is expec .ed to increase.
More than 40,000 spent fuel
assemblies have been used at
nuclear power plants in the United
States and are currently being
stored in underwater ''fuel pools”
at these sites. Under the terms of
the Nuclear Waste Policy Act
(NWPA) of 1982, these spent fuel
assemblies will be placed in a
Federal Repository for permanent
storage beginning in 1998,
Shipments from reactor sites to
the Repository for ultimate disposi-
tion will require increased rail and
road movement of spent fuel.

In part, because of the projected
increase in the number of spent
fuel shipments, the U.5. ‘luclear
Regulatory Commission (NRC)
deciced to reassess the levsl of
safety provided by casks designed
to existing regulations.

In ‘arge measure, the safety
associated with spent fuel
shiprnents, especially in the event
of a transportation accident, is
provided by the casks that contain
the spent fuel during shipment.
These casks must meet perform.
ance requirements specified in the
Code of Federal Regulations (10
CFR 71) and thei: design must be
certified by the U.S. Nuclear
Regulatory Commission.
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Other elements ot safety are pro-
vided by the Department of
Transportatior's operating require-
ments for vehicles and drivers.
These operating requirements are
defined under Title 49 of the Code
of Federal Regulations.

How Is Safety
Achieved?

Safety in the shipment of spent
nuclear fuel is achieved by a com-
oination of factors including the
phsical properties of the spent
fuel itself, the ruggedness of the
container or cask containing the
fuel, and the operating procedures
and controls applicable to both the
cask and the vehicle transporting
the cask. If a transportation acci-
dent should occur, safety is
primarily assured by the integrity
of the spent fuel shipping cask
The design of all casks used to
ship commercially generated fuel
in the United States must meet
performance-oriented requirements
specified in Federal and interna
tional regulations. The perform-
ance requirements include the
definition of a series of "hypo-
thetical accident conditions,"
described on the opposite page.
All licensed casks must be capable
of withstanding the mechanical
and thermal loadings imposed by
these conditions and still meet
spect.ed acceptance criteria.

These acceptance criteria include:
(1) stringent limits on both the
maximum allowable release of
radioactive material and the radia-
tion levels outside of a cask and
(2) requirements regarding cask
configurations which assure that
subcriticality of the spent fuel is
maintained.

In practice, NRC verifies con-
formance with these acceptance
criteria by analyses demonstrating
that essentially no permanent
deformations or excessive termnp-
eratures occur within a cask’s con-
tainment shell following the
sequentially applied loadings im-
posed by hypothetical accident
conditions. Demonstrations that
casks can withstand these condi-
tions, coupled with information
about cask designs and construc-
tion materials, suggests that casks
should be capable of withstanding
far greater mechanical and thermal
loadings during an accident than
those caused by hypcthetical acci-
dent conditions without causing
any =ignificant radiological hazard.
The LLNL quantifies this capability
through two supporting analytical
assessments. The first identifies
actual documented accidents in
which mechanical and thermal
loads would be less than those im-
plied by the hypothetical accident
conditions, The second identifies
accidents (and their likelihood of
occurrence) in which loads could
exceed those specified in the
regulations and evaluates the
capability of a cask to continue to
function sa*ely under such
conditions,
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et

Standards for Spent
Fuel Casks

For certification by the NRC, a
cask must be shown by test or
analysis to withstand a series of
accident conditions. These condi-
tions have been internationally ac-
cepted as simulating damage to
spent fuel casks that could occur
in most severe credible accidents,
The impact, fire, and water-
immersion tests are considered in
sequence to determine their
cumulative effects on one pack-
age. A separate cask is subjected
to a8 deep water-immersion test,
The details of the tests are as
follows:

Impact

Free Drop (a) — The cask drops 30
feet onto a flat, horizontal, unyielding
surface so that it strikes at its
weakest point

Puncture (b) — The cask drops 40
inches onto e B-inch-diameter steel
bar at least 8 inches long; the bar
strikes the cask at its most vuinera-
ble spot.

Fire (c)
After the impact tests, the cask is

totaily engulfed in a 1475°F thermal
environment for 0 minutes.

Water Immersion (d)

The cask is completely submerged

under at least 3 feet of water for 8

hours. A separate cask is completely
immersed under 50 feet of water for
8 hours
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Accident Scenarios

Spent fuel shipments could be
subjected to a variety of trans
portation accident situations of
scenarios. ldentifying these poten
tial scenanos began with the
historical data from typical truck
accidents that involved deaths and
injunes ot those that exceeded
certain levels of property damage
Data from minor accidents (e.g.,
fender benders) were excluded

Highway

Most of the information on the
hikelihood of single and mul:
vehicle accidents in the {.gure on
the opposite page is based on
historical data. The solid lines
show accident scenanos derived
from the historical data whereas
the dashed extrapolations consider

the potential effects of cask im-
pacts with a variety of hard ob-
jects or surfaces. Impacts with
these types of objects or surfaces
have the greatest potential for
causing damage. The extrapolation
was made by merging docu-
mented accident data with statis-
tical data representing highway
terrain and adjacent structures.
This data was obtained from
recorded information and by
surveying hundreds of miles of
typical interstate highway to deter
mine how frequently surfaces and
objects such as large bridge col-
umns or hard rock surfaces occur
Most spent fuel shipments will be
made over such interstates.

TRUCK ACCIDENT SPEEDS

inpphcatie 10
Vehicle Mighway
Obyact Impacts
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Feachion
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The historical data also provided
the basis for developing speed
distributions typical of the acci-
dents (see the figure on this page).

The speed distributions were
based on (1) estimated vehicle
speeds at time of impact;

(2) speeds attained in falls (where
fall heights were calculated from a
survey of bridge heights along in
terstate highways); or (3) combi
nations of these speeds. For the
truck-train scenario, the train
speed distribution reflects the
historical data applicable to grade
crossing accidents.

Historical data on accident-related
fires was limited to statements of
whethet or not a fire occurred. In
formation on the duration and
temperatures of fires, and of their
location with respect to a vehicle's
cargo was extremely sparse. As a
result, the ervironments typical of
accdent - related fires had to be
assessed through an engineering
mnodel. This model is discussed in
the following section on railroad
accident scenarios.
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Occurrence Rates foi
Truck Accident
Scenarios
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Railroad

Railroad accident scenarios were
also based on documented rail ac-
cidents involving deaths, injuries,
or property damage exceeding
small thresholds. This historical
data provided the bases for the
likelihood of accident scenarios
shown in the figure on the op-
posite page. The dashed lines in-
dicate accident scenarios derived
mainly from route survey informa-
tion. They were developed to
more accurately determine the
types of accidents with the poten-
tial to cause functional damage to
the cask.

The available historical fire-
accident data, pertinent to both
rail and truck gecidents, could not
be used to determine potential
thermal loadings on caks.
Therefore, an existing computer
code, previously developed to
characterize transportation acci
dent fires, was used to estimate
the likelihood of fire temperatures
and durations. The code avaluated
data on accident type, cause of
fire, availability of combustibles,
fire fighting efforts, and combusti-
ble burning rates to predict the
likelihood that fire temperatures
and durations would reach specific
values. The top graph on this
page shows this evaluation for
rallroad collision and derailment
accidents. The bottom graph gives
the results of the evaluation ap-
plicable to temperatures for both
truck and rail accidents.

These results, which included lisions, about 10% of all fires were
several conservative assumptions, estimated to last longer than
were used to represent transporta- 2 hours. Temperatures in ovar half

tion accident fires. For example, of such accidents were estim{ .d
for railroad accidents involving col to exceed 1800°F,

=

Fraction of Fires With Durations
Greater Than t

Fracton of Acodents involving Fires
With Temperatures Greater Than T

FIRE DURATIONS
AND TEMPERATURES

Deraihinents




Occurrence Rates for
Railroad Accident
Scenarios

OVERVIEW

Accident sequencey subsequently
shown to have the most likely
possibility o' causing cask damage
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CASK CHARACTERISTICS
AND RESPONSES

Representative
Designs for Truck and
Rail Casks

Can Cask Safety Be
Characterized

in Real-World
Accidents?

Note

The repres
onsist of
shells that
shielding
rounds thi
sach snd
miter $

against

antative truck and rell casks

stainieas steel cylindrical
enclose s ring of lead

8 cylindrical structure At
o the cask, an impact

provided to protect the

mpact forces

material A water jacket sur
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CASK CHARACTERISTICS
AND RESPONSES

Cask Safety Functions
and Representative
Cask Design Features

Schematic of Spent
Fuel Cask




CASK CHARACTERISTICS

AND RFSPONSES

Shielding is provided against
gamma and neutron radiation
Protection against gamma radia
non which 18 very penetrating is
most important and is achieved
through 1se of heavy materials
such as lead, uranium, or steel
that reduce the radiation level
This material surrounds the con
tainmant vessel as seen in the

schemat n page ! Froted

f vided Dy water, which tyg i
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fills & jacket surroun
ask body. Loss of the neutror
sheld normally results in 8 smal
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evels, Dut 10 8 value that will
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regulatory limits for transportation
accidents. Failure of the neutron
shield was assumed to occur for
all accidents considered in this
study. As a result, only the lead
gamma shield was modeled in
some detail in the representative
cask designs

[ Subcriticality is assured by either

| hrmuting the amount of Spent fue

W Dy mamtaming
spent fuel confi
Juration Junng shipment and ir

W Neutron posons N Cask
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structural matenals. The "'poisons’’
are typically included in the solid
structure or ""basket’” holding the
fuel assemblies and absorb emitted
neutrons, thereby making a '
reacton ’ impossible and thus
assuring subcriticality. Before the
fuel basket can incur any signifi
cant damage, the total cask struc
ture, including the containment

chain

A spent fuesl cask being loaded on a
truck  front end impact imiter shown
at right of truck

Note

Actusl spent tuel casks ke the one
shown in this figure are sxpected to
perform their intended salety functions
during an accident better than the
represartstive cask designs assessed in
this study




CASK CHARACTERISTICS
AND RESPONSES

rupture of the cask. The most
common engineering guidelines
used to characterize structural
damage are stress, strain and
displacement. Strain, particularly
on the inner “"containment’’ shell
of the cask, was selected as the
best single indicator to charac-
terize cask damage following a
transportation accident, Sensitivity
studies established a relationship
between the strains at different
cask locations and the marimum
strains experienced in the cask
containment shell. As a re.ult, it
was possible to use a specific
strain in the cask shell to estimate
damage to cask coraponents such
as seals, closures, and
penetrations.

shell, would have 10 be severely
damaged. However, physical
damage alone does not affect a
cask's ability to maintain sub
critical conditions. A material like
water must surround the cask and
fill the area between individual fuel
rods and fuel assemblies before
criticality would be possible. For
these reasons, the features to
assure subcriticality are not speci-
fically modeled in the represen-
tative cask designs. Instead, an
upper-bound estimate of the
likelihood of criticality is provided
in the LLNL report. The estimate
is based on the type of accident
that could substantially deform a
cask in the presence of a material,
like water, that would promote
criticaitty. A brief discussion of
this esdmate is presented in the
saction on potential hazards and
risks on page 26

Three discrete levels of strain were
defined to encompass four broad
ranges of cask and fuel damage,
as shown in the figure on the
following page. The significance of
the 0.2-, 2-, and 30-percent strain
values, in terms generally indicative
of cask and fue! damage, is also
illustrated on page 14

Establishinyg a Scale to
Measure Cask
Response

Mechanical Loads —
Neasure of Cask
Response

A cask and the nuclear fuel it con-
taing can undergo various types of
damage when subjected to mech-
anical loads. The most significant
damaae would include material
ylelding, dimensional changes, and

13
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AND RESPONSES

Thermal Loads - Measure
of Cask Response

Heat from a fire can conceivably
damage cask components, the
cask structure itself, or the spent
fuel. The more important types of

cask seals, meiting of the lead

The significance of high tempera
tures on spent fuel is that it can
eventually cause the fuel rods to
rupture and release radwactive
matenal inty the cask

The temperature at the centerline
of the cask’s gamma radiation
shield is the indicator most likely
to reveal the extent of cask

transportation accidents. Four
temperature levels are defined to

fuel damage. These response
ranges are indicated in the next
column at the bottom of the page

damage can involve degradation of

gamma shicld, or structural failures.

damage from fires associated with

categorize five ranges of cask and

Mansnum Stran Level (%) n Cask Contanment Shelt

Cash
Camage
Owesc tigton

Measures of Cask and
Spent Fuel Response
to Mechanical Loads

CASK DAMAGE
DESCRIPTOR

Measures of Cask and
Spent Fuel Response
to Thermal Loads

FUEL DAMAGE
DESCRIPTOR

T =
1080
TEMPERATURE i*F) AT CeNTERLINE OF CASK GAMMA SHIELD

——— W e
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Evaluating Cask and
Spent Fuel Response
te Accident Loads

Or the previous two pages, cask
containment strains and centerline
shieh! temporatures were defined
separitely to characterize broad
categories of cask and fuel
damage. In real tansportation ac
cidents, towever, a cask could
undergo a combination of mech
anical and thermal loads. The
“cask response matrix’’ shown on
this page thervfore combines the

Cask Response
(Damage) Regions

Note

The size of sach region or group of
has no relationship to the

likelihood of accidents causing the

described damage level

ail A anmé wiag | Sk
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3
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e§f °
3
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Thermal Resporse, °F
Cemterine Lead Temperature!

SUPERFICIAL DAMAGE - No perma-
nent deformation to containment
vessel Temperatures too low to
degrade material Strains and
temperatures less than or squal tn
values considered acceptable follow/ng
imposition of ' regulation defined
hypothetical accident conditions

MINOR DAMAGE Limited permanent
containment vessel deformations
Temperatures approaching the range
where the lead shield could meit and
the seals could degrade

.

MAJOR DAMAGE  Large containment
vesssl deformations without g ass frac
tures of ruptures Temperstures high
enough to melt lead shielding

DAMAGE EXCEEDING DEFINABLE
RANGES  Fractures or ruptures possi
ble Temperstures sufficiently high to
atfect cask and spent fuel integrity

15
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structural and thermal responses to
categorize cask damage from all
possible combinations of mechani-
cal and thermal loads.

The process of categorizing cask
response for a specific accident

& anarno is bast described by an
example. From the figure on

page 7, scenario 20 indicates that
about 2 of every 1000 truck acci-
dents are expected to result in an
impact into a slope consisting of
hard soil or soft rock. Cask
damage from this type of accident
can be estimated (in terms of
maximum containment vessel
strain) if truck velocity, angle of
impact, and cask orientation at im
pact are specified. Similarly, if a
fire occurs during this accident (an
event expected in about 1 of every
100 slope-impact accidents),
damage to the cask can be
estimated in terms of tempserature
at the centerline of the lead shield
if the fire temperature, duration,
and cask location relative to the
fire are specified. The overall cask
damage for the entire spectrum of
transportation accidents charac
terized by cask impact with & soft
rock slope can be calculated and
placed into one of the response
regions shown on page 16

Two further steps are then re-
quired to complete the evaluation
of the level of safety provided for
spent fuel shipments. First, each
response region must be con-
sidered in terms of the radiological
hazard that could result from the
specified level of cask damage.

This relationship is described on
pages 16 through 19. Second, the
likelihood that the specific acci-
dent scenario (for example, impact
into soft rock slope) can lead to a
cask response within a particular
region must be evaulated, This
part of the evaluative process is
further described on pages 20
through 27.

Relationship Between
Cask Response and
Potential Radiological
Hazards

For most cask responses to
transportation accident loads, any
resulting radiological hazards can
be conservatively estimated with a
high degree of confidence.

Relationships of
Mechanical Loads, Cask
Response, and
Radiological Hazards

For accidents causing small struc-
tural strains in the cask contain-
ment shell, no radiological hazards
would be expected since, for less
than 0.2 percent strain, no signifi-
cant permanent deformation
would occur in the containment
shell,

Strains in the 0.2 10 2-percent or
the 2- to 30-percent ranges were

presumed to cause containment
functional failure, but without
gross rupture of the containment
(see figure on opposite page). The
lack of any gross rupture is a
reasonable expectation based on
the known ductility (that is, the
ability to stretch without fractur-
ing) of the stainless steel material
typically used in cask containment
shells. At these strain levels,
however, the impact loads could
cause the lead gamma shieid
material to “slump.” Where voids
or gaps in the shield occur,
radioactivity inside the cask could
increase radiation levels outside
the cask (see figure on page 19).

The major difference between ac-
cidents causing 0.2 to 2-percent
strain as opposed to 2- to
30-percent strain involves the
behavior of the fuel rod cladding
that contains the spent fuel within
the cask. The lower range was
assumed to cause failure of up to
10 parcent of the fuel rod clad-
ding, whereas at the higher range,
all rod claddings are assumed to
fail. In either case, experimental
information on radicactive releases
from failed fuel rods is used to
establish the fraction of gaseous,
volatile, and solid radioactive
rmaterial that could escape from
each fuel rod. For the purpose of
this study, all of this material was
assumed to be released from the
cask, although in reality, a large
but undefinable fraction would
“plate out’”" or adhere to surfaces
within the cask.

16
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Typical Radioactive Presumed if either:
Material Release v, st il Fieh

a containment vessel strain
Pathway between 0.2 and 30 percent,
or

(2) Centerline gamma shield
temperature between S00°F
and 1060°F
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The radiological hazards from
accidents causing cask strains
greater than 30 percent could not
be precisely predicted because of
the extensive and potentiaily
varied natuvre of cask and spent
fuel damage. In these situations,
ali gaseous material was presumed
to be released while radioactive
matenial in volatile and solid form
was arbitrarily assumed to increase
by a factor of 10 over the values
predicted for accidents causing
strain in the range of 2 to 30 per
cent. Only a very small fraction of
truck or rail accidents, beyond any
known accidents, could be severe
enough to cause strains greater
than 30 percent in the cask con-
tainment shell

Relationships of Thermal
Loads, Cask Response,
and Radiological Hazards

Fires resulting from transportation
accidents can affect a spent fuel
cask and ite contents. |f the fire
does not cause S00°F temper
atures at the cask shield cen
terline, no radiological hazard
would be expected since cask
structural components are not
susceptible to thermal detenora-
tion of damage at temperatures
below this level

If temperatures at the shield
centerline should reach between
S500°F and B00°F, certain cask seal
materials could degrade and lose
their capacity to function. The

spent fuel within the cask, how:
ever, would not reach tempera-
tures high enough to fail the fuel
rod cladding material. As a result,
any potential radiological hazard
created by a release of radioactive
material from a cask would be
limited to gaseous and volatile
materials that have escaped from
fuel rods whose cladding has
failed during or before the acci-
dent for reasons other than the
fire. Based on past experience,

3 percent of the fuel rods in a
shipment vyere assumed to have
cracks or breaks as a result of
their use in the reactor, handling
and storage before shipment, or
vibrational loads during normal
shipmert.

At centerline shield temperatures
between B00°F and 660°F, two
types of radiological hazard could
be created if lead is used as the
gamma shield material (as is the
case for the representative cask
designs). Lead melts at 621°F and
expands in volume during the
melting process. This expansion
can cause structural stresses that
can result in loss of the cask's
containment function. When the
lead cools and resolidifies, its con-
traction can cause voids of gaps
to form in the gamma shield.
These gaps degrade cask shielding
capabilities and so increase radia-
tion levels outside the cask, as
shown in the figure on the op-
posite page. In this study, a cask’s
loss of shielding capability was
calculated as a function of
temperature. A cask configuration
that maximizes lead slump and
subsequent voids, thereby max-
imizing radiation levels outside the
casks, was also assumed.

Between 650°F and 1080°F, re-
lease of radioactive material from
the cask or increased radiation
levels outside the cask from con-
tained material are more likely to
occur and the magnitude of the
resulting hazard could become
larger. The major bctoc nﬂocﬁng
the potential r

the fraction of fuel rods oxp«hn
cing cladding failures. For shield
temperatures in this range, fuel
rod temperatures can cause clad-
ding failures; therefore, any radio-
active material in mobile form
could be released from the fuel to
the cask. If cask containment is
compromised, this material could
reach the environment. Experimen-
tal information on the release of
radioactivity from spent fuel has
been used to estimate the magni-
tude of the potential radiological
hazard. The conservative assump-
tion was made that any material
released inside the cask would
escape from the cask to the
environment.

It centerline shield temperatures
excoed 1060°F, a cask's functional
capabilities could be affected by
several complex chemical, thermal,
and structural processes that can-
not be precisely predicted. In
these situations, all gaseous radio-
active material was presumed
released to the environment
whereas the release of radioactive
material in volatile or solid form
was arbitrarily assumed to increase
by a factor of 10 over values

18
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Typical Radiation Presumed if eithar:
Level Increase as a e

(1) Cask containmenrt \ 2ssel strain
(RGO::'::I‘\:'SL:i:‘I’d) exceeds 0.2 percent, or
Slumpin (2) Centerline gamma shield (lead)

ping
temperature exceeds 600°F
Fuel Bundle

Allowable Under
Accident Conditions
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Cask Damage - What
Accident Conditions
Are Important and
How Are They
Defined?
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Damage Caused by
Thermal Loads

The temperature of an accident-
generated fire is the most impor-
tant consideration in assessing
potential cask functional degrada-
tion. The cumulative heat affecting
a cask depends not only on the
temperature and duration of the
fire but also on the extent to
whicn the cask is exposed. Data
on fire temperatures and durations
are not readily available in
accident records; however, con-
servative astimates of fire tem-
peratures and duration can be
calculated based on pertinent in-
formation about the accident. For

example, the thermal loading to a
cask involved in a collision with a
tanker carrying flammable cargo
can be estimated by knowing the
maximum volume carried by a
typical tank truck and the nature
of the proauct being shipped (for
example, gasoline), For accidents
involving trucks or trains carrying
nonflammable cargo, knowledge
of fuel tank volumes and the types
and amounts of combustible
material typical of truck or rail car
construction is sufficient to allow
similar conservative estimates to
be made.

The only accident condition that
could not be based, even qual-
tatively, on recorded accident data

was the location of a cask relative
to a fire resultir,J from a transpor-
tation accident. In the absence of
recorded data, the researchers
provided estimates that would be
prudently conservative. The result
was a presumption that in all ac-
cidents involving fires, a truck
cask would be located at or within
31.5 feet of the fire center, the
chance of any specific location
wiithin this range being equally
likaly. For rail casks, this location
parameter was broadened slightly
to encompass a range of 0 to 43
feet. deyond these ranges, the
therma' loads were not significant.
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Fraction of Accidents
Without Any Expected
Radiological Hazards
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POTENTIAL HAZARDS

AND RISK

Thermal Forces

Cask damage from fires could
cause melting of the lead shield or
degradation of the closure seal.
Either form of damage requires
that the affected component reach
temperatures in excess of 500°F
The mass and heat capacity of
spent fuel casks are large. For a
truck cask to reach such a tem-
perature, it would have to be
enguited in a 1700°F fire for over
an howr. For the larger represen-
tative rall cask to sustain equiv
alent damage, it would have to be
enguifed for an estimated

1.35 hours. With few exceptions,
only about 1% of the accidents in
the truck and rail accident
scanarios listed on pages 7 and 9
mvolve fires. Many of these fires
would be fed by diesel or gasoline
fuel from the truck or other vehi-
cle involved in a highway acci-
dent, of from diesel tuel,
lubricants, and rail car structural
materials in railroad acodent
gcenarios. These types of fires
would not be expected to
generate the heat necessary to
causs functional cask damage.
Furthermore, these types of fires
are generally localized and not

The approach taken 5 calculate
cask responses to fires was to
determine the likelihood that a fire
would occur given a specific truck
or train accident scenario uefined
on pages 7 and 9. Each scenario
was assigned one of eight fire
duration estimates (five for truck
and three for rail accidents!, two
of which are shown on the upper
figure on page 8. For rail acci:
dents, & significant fraction of
fires were assumed to have long
durations (1 of 8 for the accident
scenarios illustrated on page 9
weare assumed to last longer than
1 hour). For truck accidents with
other trucks or with trains, a
similar fraction of fires exceeded
1 hour. Only for truck accidents
involang no collision, a collision
with a fixed object or a collision
with an automobile were the fire
durations lirmited so that only
about 1 percent or less exceeded
1 hour. This assessment reflects
the likelihood that fire durations
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Potential Radiological
Hazards Resulting
From Functional Cask
Damage

The evaluations described on
pages 22 through 256 indicate that
less than 6 of every 1000 truck ac-
cidents and 6 of every 1000 rail
accidents could cause some func
tional cask damage. Damage to
the cask could lead n turn to
radiological hazards caused by
either (1) the release of radicactive
material from the cask’s contain
ment, of 121 an increased level of
radiation emanating from the
spent fuel within the cask caused
by a degradation in a cask's
shialding. The magnitude of any
radiological hazard will vary
depending on the extent of the
cask s damage - the hazard tend-
ing to increase in magnitude as
cask damage increases. In order to
evaluate this variability in the
potential hazard, three broad sreas
of cask response were charac
tarized (see the figure on the op
posite page!

Most of the accidents capable of
causing any functionsl cask
damage produce the limited
responses shown within the gray
area of the figure. In fact, of the 6
truck accidents out of every 1000
capable of causing any functional
damage, about 4 are estimated to

result in a cask response within
this region. Similarly, 4 of the 6
damage producing rail accidents
are estimated to generate similar
levels of damage. In this gray
area, containment vessel structural
damage is limited (to strains of
less than 2 percent) and cask
gamma radiation shield tempera-
tures within the body of the cask
are typically below melting
temperatures (less than 600°F
compared with the lead-melt
temperature of 821°F). Note that
other casks which do not use lead
as a shield material would be ex-
pected to experience little, if any,
shield damage. At this level of
response, any radioactive materials
released from the cask would exist
as a gas and only a small fraction
would occur either in volatile form
or as small solid particles in an
aerosol. Furthermore, littie
degradation of the cask's shielding
would be expected since the
mechanical and thermal forces im-
posed on tho cask are insufficient
to cause significant shield “"slump"’
ot voiding. In quantifying the
potential magnitude of any radio-
logical release created by
responses in this area, researchers
estimated that the magnitude of
any release was likely to be less
than compliance values applied to
ce ks after they have been sub-
octed to the hypothetical accident
conditions described on page &

In the large open area, structural
damage to & cask's containment
could be significant, although

gross rupture of the cask's con-
tainment shell would not be ex-
pected The Seat could melt lead
in the shiald, resulting in voids
and increased external radiation
levels. For cask responses in the
large open area, radioactive material
releases and/or external radiation
levels potentially could slightly ex-
ceed existing regulatory com-
phance values. Just about 2 of
every 1000 truck and rail accidents
involving a spent fuel shipment are
conservatively predicted to be
capable of causing this level of
radiological hazard.

Finally, only about 1 in every
100,000 truck accidents and 1 in
every 10,000 rail accidents are
calculated to lead to cask damage
as described in the outer ring of
response regions. No documented
acuident can be specifically iden-
tified that can cause this degree of
cask damage. As indicated on
pages 16 through 20, the
radiological consequences of
events in the outer ring were
hypothesized because of the ex
tansive and potentially vared
nature of cask and spent fuel
damage. Similarly, the potential
for a loss of the cask's suboriti
cality function would be expected
to be restricted to a small fraction
of the "outer ring type events’ ' in
which sufficient quantities of
wiater were physically present.
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In the I'ES, the predicted per-
formar ce of radioactive material
packarjes was based, for the most
part, on engineering models and
cons(rvative engineering judg-
ments. The LLNL study, on the
othe’ hand, focused entirely on
sperit fuel shipments and provided
a d'tailed engineering analysis of
package or cask performance

un jer severe transportation acci-
dent conditions. The table on this
piige compares the results from the
Nvo studies

.

- RISK RESULTS COMPARISON
~ WITH PAST FES EVALUATION =

The LUNL study included @ more
detailed approach to the calcula-
tion of radiological hazards that in-
volved the consideration of re-
leases of radicactive material as
small inhalable particles. Any solid
material release from a cask would
require the creation of a direct
release pathway from both the
containment provided by the fuel
rod and the cask (that is, a
pathway much more direct than
one needod for gaseous or volatile
material releases) With the
acsumption of such a pathway

FES LLNL STUDY
(NUREG-0170) RESULTS
- ESTIMATES
Fraction of Transportation
Accidents Involving Spent 0.09 (Truck) 0.006 (Truck)
Fuel Shipments Causing 0.20 (Rai) 0 006 (Rail)
Any Radiological Mazard
Fraction of Transportation
Accidents Involving Spent 0.004 (Truck) 0.00001 (Truck)
Fuel Shipments Causing 0.002 (Rail) 0.00013 (Rail)
Largest Estimated
Radiological HMazard
Overall Annual Risk
0 0004 Less Than 1/3
:rom Transportation Latent Cancer of FES Value
ccidents Involving Fatalities Per Yesr
Spent Fuel Shipments

and the presumed reiease of solid
ma‘enal * the risk. as calculated in
the LLNL study, 18 shown in the
following table to be less than
one thrd of the values estimated
in the FES. Therefore, to the ex-

tent that the Commission's conclu-

sion on the adequacy of NRC
regulations were intially valid and
were dependent on the FES risk
estimates, the LLNL study has not
identified any increase in risk that
would change the Commission's
conclusion
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