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INTRODUCTION

The events of September 11 have reverberated throughout the country, and indeed, around
the world. They have had a substantial impact on the way we live, the way we view other
countries and the way we conduct business. Without question, these events will alter the
future for nuclear energy. At present, it is impossible to tell in which direction that future
will bend. However, it is certain that the events of 9/11 will have a significant impact on
licensing, security and-yes-spent fuel storage at nuclear power plants.

This paper provides an assessment of NAC's multipurpose dry storage systems, with a focus
on NAC's universal multipurpose canister systems, in the face of militant acts of
destructiveness (MADness) similar to those we have experienced at the World Trade Center.
Specifically, this paper is intended to look at the safety of the NAC-UMS® and NAC-MPCO
systems following a large aircraft impact. Such an event may be classified as a beyond-
design-basis accident (BDBA), and the following discussion will summarize NAC's
evaluation approach, assessment results, and conclusions, including recommendations for the
evaluation of such events from a technical perspective for the future.

BACKGROUND

Storage of spent fuel in the United States has been in the process of slow metamorphosis
since the mid-1980s, when Virginia Power installed the first Independent Spent Fuel
Storage Installation (ISFSI) at the Surry Power Station. That event signaled what has
been a modest, but accelerating, transition from wet storage of spent fuel to dry spent fuel
storage. In light of the 9/11 events, this transition appears to be a fortuitous one and
should help maintain the viability and vitality of the nuclear option going forward. The
next section of this paper will highlight some of the advantages of dry spent fuel storage
and why it's safety following a BDBA resulting from MADness is so important.

As a precursor, however, to such discussions, it is important to define events that may be
considered as MADness. Without excessive specificity, one might define MADness as
"intelligent direction, operation, or control of conventional and accessible technologies to
effect a large perceived threat, massive destruction, or loss of life, for purposes of raising
public anxiety or hysteria." As is apparent, this might also be an apt description of terrorism.
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As previously highlighted, there are two essential technologies used for spent fuel storage
in the U.S. today: wet pool storage ("wet storage") and dry cask/canister storage ("dry
storage"). Both approaches are safe, but the specific strengths of dry storage are
addressed herein to highlight their significant contribution to minimizing the effects of
BDBA events resulting from MADness. Specifically, dry storage strengths include:

• Discrete, independent barriers which are structurally robust
* Small, discrete source terms within each independent set of barriers
* Passive cooling of the spent fuel
* Passive containment of radionuclides
* Moderator exclusion for assured criticality safety
* Solid shielding system for neutron and gamma radiation
* ISFSI locations which are separated from plant systems
* Level, open storage areas on a heavy concrete substructure
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Safety of dry storage is routinely displayed in licensing documentation, which is
approved by the NRC. The regulatory framework under which dry systems are designed
and with which they must comply is extremely conservative. Dry storage systems, like
all nuclear structures, are always analyzed under conservative design basis accident
(DBA) conditions and, even more importantly, their safety margins are measured to very
conservative limits. This is true for both structural limits and radiation exposure limits
for the general public. Indeed, radiation exposure to the general public is given very
special treatment under regulations, such that the regulatory limits for public exposure to
radiation from nuclear facilities are set very low. Therefore, many ordinary-or even
primitive-non-nuclear technologies result in higher population exposures to radiation
than does dry storage of spent fuel. The concept of "safety," then, when applied to dry
storage, does not reflect the greater relative safety of dry storage when compared to non-
nuclear technologies that occurs because dry storage is held to a much higher standard.

THE ANALYSIS CONSERVATISM OF DRY STORAGE STRUCTURES

The most critical component of a dry storage system is termed the containment or
confinement boundary, which is the physical enclosure provided by the canister that
retains radionuclides under all situations of normal, off-normal, and accident conditions.
The materials in the canister shell that serve as the boundary are evaluated using very
conservative analysis methods developed for, and incorporated in, the American Society
of Mechanical Engineers (ASMIE) Boiler and Pressure Vessel (B&PV) Code. In this
Code, it is assumed that there is an elastic (linear) relationship between stress and strain.
This assumption is very much different from reality, because the actual relationship
between stress and strain in real materials is very much non-linear. Figure 1 shows an
elastic stress/strain relationship and an actual stress/strain relationship for 304 stainless
steel, a very common material used in dry storage systems.
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In the real world, materials fail when they reach their ultimate strain. As shown in Figure
1, the elastic stress/strain curve for stainless steel predicts an ultimate strain of much less
than 1%, when the real material does not actually reach ultimate strain failure until 50%
or better. Even using the minimum ultimate stress from the ASME Code, the ultimate
strain is about 38%. All regulatory limits are based upon the use of the elastic
stress/strain curve, not the actual material stress/strain curve. Since the areas under the
ASME Code elastic stress/strain curve and the actual stress/strain curve are a measure of
the energy absorption capabilities of the material before failure, it is true that stainless
steel has about 2 orders of magnitude more potential deformation before failure than is
allowed by the ASME Code, which is used by the NRC in implementing regulations.

Dry storage systems are always designed so that, even under DBA events, the
conservative, Code stress/strain relationship is not violated. NRC's review of designs
must assure this as well, before the design is approved. This means that the designs of,
and materials in, multipurpose dry storage systems have very large structural safety
margins when considered in the light of real-world material properties and performance.
Therefore, multipurpose dry storage is an extremely robust technology under all design
basis normal, off normal, and accident conditions.

CONSIDERATION OF BDBAs

The events of 9/11 involving MADness against commercial buildings have spawned
concern about similar events that might be perpetrated against nuclear facilities. This
paper is intended to examine the potential outcome of a large aircraft impact on an NAC
multipurpose dry storage system, which is clearly a BDBA. Figure 2 provides a pictorial
display of a typical NAC multipurpose system, showing the exterior concrete cask, and
the interior stainless steel transportable storage canister, which serves as the containment
and confinement boundary for the spent fuel and all radionuclides.

The following presents the essential elements involved in an assessment of an aircraft
impact on a multipurpose storage system. This assessment is of aL J 15( L
impacting an NAC multipurpose dry storage system contained within an ISFSI.

1 S

Considerations and important parameters include:
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In evaluating high-velocity impacts of objects having very low densities on objects
having very high densities, the lighter density object will tend to flow around the heavier
density object, especially if the objects have weights that are relatively close. Such is the
case in this event, where theE - jwhile the AX 4
multipurpose system has a density of heavily reiniorced concrete. With suETi disparate
densities, theF Jbody disintegrates around the cask body, dispersing like a F-> LI
cylindrical stream of fluid. A rough analog for this event is a large plastic bag filled with
goose-down being thrown at high velocity against a concrete column.

Figures 3 and 4 show a representation of the aircraft and cask impact. The angle of
impact will affect whether sliding or tipover of the cask is the more likely response.

The evaluation looked at four different accident scenarios following impact of the aircraft
w ith the multipurpose system:

* The loads on the canister from the concrete cask sliding into an adjacent
concrete cask

* The loads on the canister from the impact of the tipover onto the concrete pad
of the concrete cask and canister

* The damage to the canister from the impact of the jet engine turbine rotor
* The damage to the canister from a major jet fuel fire following the aircraft

impact
For all of these accident scenarios, the acceptance criterion (that which determines
whether the system performs acceptably following the BDBA event) is no release of
radioactivity.

EVALUATION RESULTS

The results of the evaluation are divided into two categories: the outcome of the physical
impact on the canister's ability to retain radionuclides and the outcome of the fire on the
canister's ability to retain radionuclides.
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PROOF TESTING

NAC has experience in testing welded stainless steel containment vessels under DBA and
BDBA conditions. One such system wagjested as a scale model to five times its
regulatory design basis structural limit ofL ho 11

j Such a structural load is in the range of the load that could be credibly 7
imposed by En-aircraft impact.

The results of this testing were very consistent with the evaluation previously discussed.
These results were:

no failure of any containment material or weld
* no yielding of any containment material or weld
* no release of contents from the containment vessel.

Therefore, by analysis and testing, NAC's multipurpose systems, and the materials and
welds deployed therein, have very large safety margins to meet both regulatory
requirements and prevent release of radioactive materials under DBAs and BDBAs.

CONCLUSION

NAC's dry multipurpose storage systems are designed with very large, real safety
margins, and the events of 9111 do not change that conclusion. Therefore, dry
multipurpose storage offers excellent protection of the public if BDBAs from MADness
must be considered.

Since the world now considers there to be a higher potential for MADness than before
9/11, a new standard for acceptance criteria for BDBAs should be established. One
possible approach would be to set the structural acceptance criterion for materials under
BDBA events at some fraction of ultimate strain. This is an approach that industry needs
to propose to the NRC in the months ahead as we try to develop rational methods for
BDBA evaluation going forward. However, it is clear that the safety advantage of dry
storage of spent fuel may result in a more rapid shift of spent fuel into dry storage, so that
achieving regulatory and industry concurrence on the evaluation of MADness events
should be a high priority action.
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Figure 5

Perspective on Target Size
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