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Technical Progress

Jetliner Crash Report. All project analysts performing jetliner crash analyses wrote preliminary
drafts of report sections and supplied them to Jeff Smith or Jeremy Sprung who are incorporating
these drafts into a full report on the vulnerability of spent fuel casks to jetliner crash scenarios.
The preliminary draft, which will be a classified document, will be sent to NRC early next
month.

Task 1.1: Jetliner Crash into an ISFSI.

CTH and Zapotec Analyses. Zapotec calculations were conducted that modeled the impact of
the jetliner into the free-floating cask (i.e., cask without an underlying concrete pad).
Comparisons with previous CTH calculations indicate that Zapotec tends to predict significantly
higher cask velocities. For example, the predicted cask velocity at 150 msec with CTH and
Zapotec were )respectively. A number of EOS warnings were noted in the
Zapotec calculation. This is currently under investigation and must be resolved before Zapotec
is ready for production computing.

PRONTO Analyses. Work continued on the full 3-D representation of the Hi-Storm cask that is
needed to support the modeling of the: lof the front landing gear strut onto the

() ' ^and (2) a * )of the landing
gear strut onto the Incorporation of the contents ot the Hi-Storm cask's canister into the
PRONTO model of the cask continued. When completed the canister model will allow the
resistance to overpack collapse during impact accidents to be treated during the PRONTO
calculations.

Information in this record was deleted
in accordance withe Freedom of information
Act, exemptioni g
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Boeing Contract. The Boeing contract was signed by Boeing and a list of questions was sent to
Boeing to serve as a basis for future discussions.

Computational Support. ARA contractor personnel are conducting 2D and 3D CTH
calculations ofjetliner engine impacts into reinforded concrete panels using the data of Sugano et
al. When completed, these calculations, which are using a simple model of a jet engine, will
help to validate the CTH and Zapotec codes for applications that examine more complicated
problems

Jet Fuel Fire Mlodeling. MPEG movie files of some of the fire analysis runs were created. A
problem-specific utility w.as coded that extracts data for a curved surface (i.e., in the gap between
MPC and concrete shield) from the Vulcan dump files and writes the data to TECPLOT data
files. Additional VULCAN fire analysis calculations for the standing Hi-Storm cask with a fuel
pool fire on just one side of the cask, both with and without wind, were started.

Cask Response to Thermal Loads. Modeling of the response of a spent fuel truck cask to the
thermal loads produced by an engulfing fire was begun. The development of correlations
predicting cask response to thermal loads vill be similar to the work done simulating the
response of the NAC UMS rail cask. First a simple model will be constructed that will be
calibrated based on the design basis accident presented in the SAR. Then the calibrated model
will be extended to other boundary conditions to determine the response of the intact cask to a
variety of fire boundary conditions.

The ABAQUS quasistatic analyses of the canister were rerun using high temperature tensile test
data developed by Chavez et al. [1]. The stress results were combined using a parameter
developed by Nix et al. [2] to allow the multiaxial stress state in the canister to be compared with
data developed from uniaxial creep data. The Nix parameter, along with creep data developed
by Chavez is combined with the Larson-Miller equation to determine the time to creep rupture
failure of the canister for several different temperatures.

[1] ChavezS.A., Korth, G.E., Harper, D.M. and Walker, T.J., "High-Temperature Tensile and Creep Data for
Inconel 600, 304 Stainless Steel and SA106B Carbon Steel," Nuclear Eng. And Design,1994, 148, pp. 351-363.

[2] Nix W.D., Earthman, J.C., Eggeler, G. and 1lschner, b., "The Principal Facet Stress as a Parameter for
Predicting Creep Rupture Under Multiaxila Stresses," Acta Metallurgica, 1989,37, pp. 1067-1077.

Fission Product Transport. Several MELCOR simulations of the effects of thermal transients
on a failed NAC UMIS canister were conducted and the results from these simulations were
incorporated into a report entitled, "Analysis of Holtec HI-STORM and NAC Casks with air
intrusion using MELCOR 1.8.5." During the performance of these calculations, both the default
MELCOR Zr-02 oxidation correlations and a new set of low-temperature correlations were used.
The results of these calculations indicate that air ingression into a failed NAC UMS canister may
be able to initiate the highly exothermic oxidation of Zyrcaloy cladding by 02, which would lead
to large release fractions for the fission products in the pellets contained in affected rods.

Oi FIG1%_ALf Ust ffL-Y



OFrICIAF pELy

Consequence Modeling.

Plume data for very large pool fires from experiments conducted in France during the early
1970's were obtained and reviewed. These data provide an excellent validation for the plume
model in general. The data also illustrate the substantial impact of inversion layers on plume
trajectories.

Stephanie Bush-Goddard of NRC came to SNL for a 2-day visit during September to receive
hands-on training with the MACCS2 code; she was also given a demonstration of the
RADTPZAN code. Review of recent documents describing the federal response procedure after a
terrorist act continued.

Task 1.2: Small Plane Crash into an ISFSI.

Small Plane Survey. A proposed final draft of the survey of small planes that might be used in
a terrorist attack on a spent fuel cask was completed. The draft examines the threats posed by
the mass of the small plane, the possibility that the( J
during and the ossibility that the plane's propeller can damage a cask.
Each oil these threats was tound to be .) The report also proposes a representative
small plane for further study. A copy of the draft report is appended to this monthly technical
report.

Task 1.3: ANSYS/LS-DYNA Jetliner Model. No work done this month.

Task 1.4: Jetliner Crash into a Spent Fuel Rail Cask. No work done this month.

Task 1.5: Small Plane Crash into a Spent Fuel Rail Cask. No work done this month.

Task 1.6: Small Plane Crash into Other Radioactive Material Packages. No work done this
month.

Task 2.0: Weapons, Radioactive Materials, Consequences.

Weapons Versus Consequences Spreadsheet. No work done this month.

Expert Panel .- Source Term Guidance Document. The NRC sent SNL a revised version of the
Expert Panel Charter. The revised charter contained significant changes in the organizational
structure of the expert panel and its supporting personnel and also contained a request for a
FACA by NRC that was published in the Federal Register. In response to these changes, Sandia
will organize a Sandia Expert Task Group (SETG) to perform a preliminary analysis of package
vulnerabilities and the modeling of source terms using the initial set of scenarios and packages
specified by the NRC. The SETG will have expertise in the areas of vulnerability analysis;
structural, thermal, and chemical engineering; fuel performance and source term evaluations;
properties and behavior of materials; weapons and ) transportation and storage of
radioactive materials; and consequence analysis. The results from the SETG will be reviewed by
the members of the expert Peer Review Panel, who will mainly be individuals from outside
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Small Aircraft Survey

Introduction

The Nuclear Regulatory Comrnmission (NRC) is the cognizant authority responsible for
the licensing and operation of commercial nuclear facilities within the United States.
Since'the terrorist attacks of September 11 2001, there has been an increased concern
regarding the vulnerability of nuclear facilities with respect to sabotage or terrorist attack,
and the NRC has quickly responded by instituting enhanced security measures and
procedures, while concurrently investigating potential improvements.

Across the United States the spent fuel pools of commercial nuclear power plants are
becoming filled with spent fuel assemblies. To avoid having to cease operations when the
pools are full, many utilities have been removing older fuel and storing it in dry casks on
concrete pads on site in an area termed an Independent Spent Fuel Storage Installation
(ISFSI). Further, it has been proposed to license and construct a commercial dry storage
site, referred to as a Private Fuel Storage Facility (PFSF), to provide extended period
interim storage pending permanent disposal in a geologic repository.

As a new nuclear facility with no commercially operating PFSF currently licensed, the
NRC has commissioned several studies to investigate the vulnerability and potential
consequences of surface dry storage facilities to sabotage or terrorist attack. The study
herein investigates the potential vulnerability of the primary nuclear component of a
PFSF, a representative dry storage cask filled with spent fuel assemblies, with respect to
attack by a small aircraft, arbitrarily defined as carrying( as a result g

of impact, sustained fire, and Ey \ ...

Dry Storage Cask

Depicted in Figure 1, the representative dry storage cask selected by the NRC for the
purposes of the study is the HI-STORM 100 overpack of the Holtec International.
integrated system of transportation, transfer, and storages containers. HI-STAR 100 is an
acronym for Holtec International Storage, Transport, and Repository System with the
annex 100 indicating a system weight in excess of 100 tons, and is a high-capacity, multi-
purpose canister (MPC) used for both storing spent nuclear fuel on an ISFSI pad, or
conveying the highly radioactive payload over land or water. The HI-STAR 100 is
designed to accept one multi-purpose canister containing a 68-cell fuel baskef for BWR
assemblies, or either a 24-cell flux-trap or a 32-cell non-flux trap fuel basket for PWR
fuel.
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FInu cotrs H-tAR th HI-TA 100, H-tORM HI-STOR Syste Famlye nea trg n

Transfer Operation Reinforced Module) is strictly a storage device, consisting of an
upright robust metal and concrete ventila ted structure to promote passive air-cooling of
the stored MPC. The HI-STORM is engineered for maximum shielding, with an all-
structural steel skeleton and twenty-six inches of concrete enclosed in the annular space
between tsvo concentric ductile metallic shells.

The design bases of the HI-STORM I100 and HI-STAR I100 systems bound all spent
nuclear fuele characteristics, site design conditions and interfaces existing in the vast
majority of power reactor sites in the US and abroad, and both can be anchored to the
ISFSI for enhanced protection against seismic events. Table 1 presents a compilation of
the HI-STORM I100 overpack physical design attributes. Clearly, with physical
dimensions of approximately 1 1 feet in diameter and 20 feet high, a loaded weight in
excess of 350,000 pounds, construction of structural and ductile steel reinforced with
more than 2 feet of concrete, the HI-STORM I100 represents a very large, robust and
formidable target.
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- u1~1ILIAL U'E ONLY

I. - - ;''HI-STORM Overpack Data -- - -i .i "
|Height (approximate) ' 240 inches
IShell Outside Diameter 11132.5 inches
IShell Inside Diameter 73.5 inches
IWeiht, em | 269,000 lbs
IWeiht loaded with heaviest MPC ]j 358,000 Ibs-s
[Number of bottom ducts L 4
,Bottom duct size I| 15 x 1 inches
Number of top ducts 4
Iropductsize _ 25 x 6 inces

Table 1: HI-STORM 100 Physical Design Data

In 1999, Holtec International received a Certificate of Compliance (COC) from the
Nuclear Regulatory Commission for the HI-STAR IOO'System both under IOCFR Part 71
(transport) and under 10CFR Part 72 (storage), representing the first certified dual-
purpose system with multi-purpose canister technology. The combined Certificate of
Compliance and Safety Evaluation Report (COC/SER) for the HI-STORM 100 storage
cask was issued on May 1, 2000 w~rith an effective date of May 31, 2000.

Aircraft Sunrey

As the NRC currently has both completed and on-going studies investigating the
vulnerability of nuclear facilities to sabotage and terrorist attack by large aircraft, the
focus of the present analysis was on "small" aircraft, arbitrarily defined as capable of
carrying( /A detailed literature search was conducted in which all
certificated aircraft presently in production have been tabulated including associated
physical, mission, and operational characteristics. The study was limited to only aircraft
currently in production and with a valid airworthiness certificate issued by the Federal
Aviation Administration (FAA) for flight legally within the United States. Although such
action neglects the population of previously produced aircraft, over time any built in large
numbers will be removed from service through attrition, or more commonly, as
operations and maintenance costs become prohibitive, with any-remaining fleet being
comprised of a very small number of aircraft deemed historically interesting by aviation
enthusiasts.

Results of the survey, of which the primary contents have been excerpted and included as
Appendix A, has been compiled into a very large database of 70 aircraft, each potentially
having 57 possible characteristics for a total of nearly 4000 data entries. Due to the
dimensions of the database therefore, for brevity only the fields relevant to the analysis
have been included in Appendix A, of which portions have been directly excerpted for
particular discussions within the document.
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Adherence to a criterion while incorporating maximum flying
speeds and carrying capacities results in a very restrictive definition of a "small" aircraft,
as the aviation industry produces aircraft not by easily categorized classes but rather
based upon mission and associated life-cycle operational costs. With respect to
commercial aircraft operations, for example, the bottom line is the bottom line. High
acquisition and operational costs precludes the use of fanjet aircraft in the( )s

mission regime. With the exception of small charter operations, commuter airlines
serving the. , fnarket almost exclusively use turboprop (gas
turbine/propeller-driven) aircraft. Whereas large corporations may justify the utilization
ofjet aircraft for executive transport, such operational and mission profile economics
indicate selection of a single or multi-engine turboprop for the' operational
regime. I

As presently the category of "small" aircraft has been limited to single or multi-engine
turboprop aircraft, an additional scoping measure was applied to identify candidate
aircraft, which numerically dominate the domestic and foreign flying fleets. Appendix B
contains a distillation of world and domestic commercial fleet statistics conipiled by the
Aerospace Industries Association (AIA), a trade industry association representing the
major manufacturers of commercial, military and business aircraft, helicopters, aircraft
engines, missiles, spacecraft, materials, and related components within the United States.

According to 1999 Federal Aviation Administration figures, of the 1,7,59 tin-enrine
turboprop carrier aircraft registered in the United States, 239 were of they Yodel
with another 38 of the[ )variant, comprising approximately 16% of t total active
fleet. Further, also in 1999, the latestyear for which statistics were available, of the total
world airline fleet of 7,226 turboprop aircraft, 469 were of the( )model with an
additional 110 of the )version, constituting approximately 8% of the global
turboprog fleet By restricting consideration of candidate (aircraft to adherence to the('

Nor less criterion, no other aircraft exceeds the number of( )aircraft
operating as a carrier aircraft within the United States, and is only surpassed by the
Cessna 208 Caravan I from an international perspective. Considering the'

_has a maximum speed half again higher and useful load two-thirds larger
versus theW -)and represents a significant constituent of both the US and
foreign fleets, provides a solid rationale to select the( - - -

)as the representative "small" aircraft for the study.

As depicted in Figure 2, the )is listed in the aircraft
database contained in Appendix A under the heading of "Multi Turboprops >12500 lb
MTOW", which refers to multi-engine gas turbine/propeller-driven aircraft having a
Maximum Take-Off Weight greater than 12,500 pounds. Formerly known as the

the is categorized as Category B
(Commuters/Regional Aircraft) aircraft by the International Civil Aviation Organization
(IC4O), and as Group B under the FAA Air Traffic Control (ATC) speed classification.
The Ihas a maximum useful load of approximately 6,545 pounds, a cabin
voluhrr6 of 640 ft3 'readily configurable for either passengers or cargo, and a maximum
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cruising speed of 327 mph, highest of any twin-engine turboprop commuter airliner
operating capable of carrying up tc( ) X >_

- I:; - . j . _

II

I

I

I

I l

Many, Iare pressed into service both day and night, 7 days a week by
operators seeking to maximize utilization and return on investment, once again deferring
to the economics of commercial aviation operations. Thet  ,vas
specifically designed to be easily reconfigured from carrying passengers to cargo in one
hour, and routinely op erates as a day/night passenger/6argo conversion aircraft, as
illustrated in Figure 3. Such a design attribute would potentially be a positive decision
factor to an adversary contemplating an aircraft for a terrorist attack, for the valuable
flexibility to be readily converted for a variety of mission profiles, including the study
concern of directly impacting a dry storage cask with the cabin filled with-

-
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Figure 3: Raytheont jCargo Configuration

Analysis

The analysis for the small aircraft study centered on the calculation of 3 quantities;
* Impact Energy
* Fuel Energy

. (,, 1 E

Impact Energy is the kinetic energy applied to the dry storage cask target as a result of
the aircraft acting as al )based upon the maximum total aircraft mass, defined as
any combination of fuel, crew'and passengers, and cargo, and the maximum structural
cruising velocity. Fuel Energy is-the thermal energy resulting from deflagration or
jgnition and sustained fire, based upon the maximum fuel capacity of the aircraft.
( 'is the energy released resulting from the(

as a function of the aircraft being fully laden with land operated by a
minimum crew. The three energies have been calculated and are tabulated within
Appendix C, where appropriate conversion factors have been applied to yield energy in
the unit of calories, providing a relative comparison of the magnitudes of the three
quantities. Although the impact energy, fuel energy and,' . were calculated
via spreadsheet for all 70 aircraft within the database, ofily the(,
reference small aircraft is considered during discussion developments.

.M fr .E.
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The is based upon the classical mechanics of kinetic energy, KE = J mV2,
and is calculated using the aircraft maximum tak-e-off weight and maximum cruising
speed as parameters, wsith aDpropriate dimensional conversion factors applied to yield the
energy in calories. For thef Preference small aircraft, a maximum r
tak-e-off weight of, )with a maximum cruising speed of

>ields a kinetic energy of 18,836,147 calories (78,845,322 kg-m2/s2). It
should be noted event though 79 million Joules represents a significant quantity, the
aircraft acting as a missile is imparting the kinetic energy to a target of mass nearly 21
times greater and much harder, 358,00 pounds of steel with co for the dry storage
cask, versus the )pounds of aluminum for the c

Flyer Plate

During the course of the study, concerns were raised as to the possible threat of a
knowledgeable adversary potentially utilizing an aircraft with a centerline-mounted
engine as a flyer plate during an attack. A flyer plate is a mass, typically a small steel
plate, accelerated to hypervelocity speeds ranging from several to tens of kilometers per
second, which is used to induce deformation, impact, spallation, or plasma ablation
effects on targets. Although a driven

)for the duration normally associated with flyer plate devices,
the very large and metallurgically hard mass of the engine rotor shaft would acquire
substantial energy.

Depicted in Figure 4 are the only centerline-thrust single-engine turboprop aircraft
currently in production, corresponding to the previously developed definition of small

a i; Ff eCfA. Utuk OINLYtr' i
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aircraft for the purposes of the current investigation, for which the associated descriptive
characteristics excerpted from the database are presented in Table 2. The category of
aircraft which includes the Caravan I variant subsumed herein by the Grand Caravan, is
distinguishable by having a single turbine/propeller engine which bums kerosene-type
fuel known as Jet A, and generally operated by a single pilot. All four aircraft are
powered by the same Pratt & Whitney PT6A turboprop, a family of turbines differing
only with respect to scaleable size and power output, and which is very tightly shrouded
within a cowling to provide an effective flow of cooling air.

- . . - -~ __ I - - _ _ _ I- - _ _ - _ 'Maxim um . I --
Manufacturer.

. :7 .: ". - . ' "'

1i * .I--

, Model,;'.
.. 1 , . ..

E. : " ! i. ,., .. .. -

..: Seating :2..'
(''(Crev

Passenger' -

Weight
-; '(lb)`_-'

Useful
L; L....

-, Load 8.?
0 (b)'-.'-*.1

Maximum
1J ;Fuel-:<S

'(b)W - f

Maximuin:
'i..Spe'ed.;:'

, -i. ..(nph@. -.

Altitude

;. -I _.

Cessna Caravan 1+9 8,785 3,708 2,224 182 209 10,000
New Piper Meridian 1 + 5 4,893 1,271 1,139 262 301 30,000
Pilatus PC-12 1 + 10 9,965 3,745 2,704 270 311 24,000
Socata TBM700 I + 6 6,614 2,314 1,887 300 345 26,000
Table 2: Single-Engine Centerline-Thrust Turboprop Aircraft

Figure 5 contains two images of the Pratt & Whitney PT6A-42A turbine, one external
devoid of the associated propeller, and the other internal as installed in the New Piper
Meridian, of which the upper half'of the cowling has been removed. As is readily
discernable, space within the cowling is very limited with essentially none existing at the
intersection of the turbine and firewall, the fireproof compartment separating the engine
from the aircraft cabin cockpit section. Further, very little space also exists between the
firewall and cockpit occupied by the flight crew, an area dedicated to the instrumentation
panel and flight controls, which is almost totally occupied by avionics, associated wiring
and control linkages. The only available area in which a restricted amount off
materials might possibly be accommodated is around the turbine within the cowling

CSK -�,

Figure 5: Pratt & Whitney PT6A-42A Turbine, New Piper Meridian Aircraft
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* Propeller

Another concern identified during the investigation is the potential for damage posed by
the rotating propellers of the aircraft to the cask. The )reference small
aircraft is powered by twOt turboprop engines each rated at
1,279 shaft horsepower (SHP), and equipped with four-bladed, composite, constant speed
and full feathering reversible-pitch propellers manufactured by Hartzell.

Although composite materials characteristically have a high strength-to-weight ratio,
should the propellers impact the dry storage cask 2-inch thick outer steel liner rotating
generally in excess of 2,000 revolutions per minute (RPM), the blades would instantly
disintegrate. For the case of turboprop aircraft equipped with propellers constructed of
aluminum, although not likely to shatter as composite materials, the blades would shear
due to the relative strength of aluminum versus steel.

Fuel Energy

Jet fuels, or more generally, turbine fuels, are one of the primary fuels for internal
combustion engines worldwide and are the most widely available aviation fuel. Due to
much greater availability compared to gasoline during wartime, commercial illuminating
kerosene was the fuel chosen for early jet engines. Consequently, the development of
commercial jet aircraft following World War II centered primarily on the use of
kerosene-type fuels. Jet A fuel, the primary operational fuel for commercial and military
turboprop and turbojet aircraft in the United States, is a kerosene-based product meeting

- tLIALU3E 0NLY }& s EY3
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American Society for Testing and Materials (ASTM) and Military Specifications, and has
a thermal energy content of 5.670 Million British Thermal Units (BTU) per barrel.

The quantity of fuel energy is based upon the thermal content of Kerosene-type Jet A
aviation fuel, and is calculated using the heat capacity and again applying appropriate
dimensional conversion factors to yield the energy in calories. There are 2 potential
scenarios with respect to fuel on board an aircraft, one considering the internal tanks
only, and the other consists of outfitting the cabin with either an inflatable bladder or (t
solid tank to nearly double the carrying capacity. With respect to the reference small
aircraft, the )has a maximum fuel capacity of iwithin
the internal Hanks, and can accommodate a maximum payload of1  within the
cargo bay. Manufacturers typically express both the maximum usetul load adfuel
capacities in terms of pounds or kilograms, as generally aircraft are weight rather than
volume limited, which enables operators and pilots to quickly determine if the airplane is
within the center of gravity envelope.

Noting one gallon of Jet A fuel weighs 6.70 pounds, the( )maximum fuel
capacity of1 ^ields a thermal energy of 22,635,994,030 calories. Should an
adversary opt to outfit thy aircraft cabin with an expandable bladder or solid wall tank up
to the maximum load of - the additional fuel would contribute another
20,437,388,060 calories. Considering the Kerosene-type Jet A fuel within the aircraft
wings and the outfitted cargo bay as a single entity yields a total of for an
associated combined fuel energy of 43,073,382,090 calories.

Once again, it is to be noted even though 23 and 43 billion calories for the internal and
combined wving/cargo scenarios, respectively, represent significant quantities of energy,
the results are the full thermal content as obtained from perfect combustion of the fuel. A
Fuel-Air Explosion (FAE) event is not credible, as no scenario can be postulated to
enable complete atomization, referred as aerosolization, of the fuel to support
deflagration. The most likely outcome would be a fire, however, in the case of an aircraft
impacting the dry storage cask as a missile, fuel would be dispersed over a large area
precluding pool formation of sufficient depth to result in immersion.

I .,
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Summary/Conclusions

The representative dry storage cask selected by the NRC as the target of interest for the
purposes of the study is the Holtec International Storage and Transfer Operation
Reinforced Module 100 ton'(HI-STORM 100) storage overpack, a robust metal and
concrete passive air-ventilated multi-purpose canister used for storing spent nuclear fuel.

Based upon a three-tier rationale of; 1) adherence to a/ ,2) C,
selecting the highest flying speeds and carrying capacities possible, and 3) preferrinrg i2(
candidates numerically dominating both current US and international flying fleets, the

( \vas selected as the reference small aircraft.

The results of the small aircraft survey and analysis are summarized in Appendix C, a
tabulation of the three quantities of' ! fuel energy, and( ) and
which although determined for all 70 aircraft in the database are developed in detail for
thet )reference small aircraft.

For the/ preference small aircraft acting as a missile, approximately 19 million
calories of kinetic energy would be imparted to the dry storage cask, a target of nearly 21
times greater mass and much harder steel and concrete construction with respect to the
lighter and softer aluminum! -

An attempt to use an aircraft as a flyer plate weapon imposes severe limitations and
requires careful consideration, as any of the parameters of geometry, coupling and range
either independently or synergistically can combine to nullify transfer of the kinetic
energy, subsequently resulting in little or no damage to the dry storage cask.

The composite material propellers of the( )eference small aircraft Lo
would quickly shatter upon impacting the very robust storage cask, and for the case of
other turboprop aircraft equipped-with propellers constructed of aluminum, the blades
would shear due to the relative strength of the steel outer shell.

Calculations of the fuel energy considered 2 scenarios, the baseline case of the maximum
fuel capacity normally carried within the wings, and the case in which an adversary
augments the aircraft ipternal fuel with the cabin area fitted w"ith a tank nearly doubling
the total capacity. The( pmaximum fuel capacity off pounds yields a
thermal energy of 22,635,994,030 calories, and the second scenario'bf a tank within the
cargo bay could be filled with up to an additional{' ' . of Jet A, and potentially
contribute another 20,437,388,060 calories. Howe'ver, in the case of an aircraft impacting
the dry storage cask as a missile, fuel would be dispersed over a large area precluding
formation of a pool of sufficient depth to result in immersion a sustained fire.
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Glossary

AFATL
AFSC
AIA
AOPA
ASTM
ATC
BBL
BTU
CFR
COC
COC/SER
FAA
FAE
HI-STAR
HI-STORM
ICAO
ISFSI
MPC
NRC
PBX
PFSF
RPM
SHP
TNT
US

Air Force Armament Testing Laboratory
Air Force Systems Command
Aerospace Industries Association
Aircraft Owners and Pilots Association
American Society for Testing and Materials
Air Traffic Control
British Barrel
British Thermal Unit
Code of Federal Regulations
Certificate of Compliance
Certificate of Compliance/Safety Evaluation Report
Federal Aviation Administration
Fuel-Air Explosion
Holtec International Storage, Transport, and Repository
Holtec International Storage and Transfer Operation Reinforced Module
International Civil Aviation Organization
Independent Spent Fuel Storage Installation
Multi-Purpose Canister
Nuclear Regulatory Commission
Plastic-Bonded Explosive
Private Fuel Storage Facility
Revolutions Per Minute
Shaft Horsepower
Trinitrotoluene
United States.
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Lynette Stevens, Marion Dubler Seese, and Wendy Basham, National Park Service,
Wrater Resources Divisions, Water Operations Branch, 1201 Oakridge Drive, Suite 250,
Fort Collins, Colorado 80525, July 1, 1997
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Appendix A: Aircraft Database (abridged)

-- ~ ,'ype;i ,-,;,nerr U 1e-, ;' 7'; -;i1 i 7 
i" " ?~~ e MarJIu',1xinnmxmurxrnm

- , r aspgertngamj...ma p 'Uretl Load _Fuel Load Speed )kt)

1 Ultra Long Range Jets Guttstrearn Gulfstrearn V G-V 4+15119 90,9D0 42.500 40,994 48B
2 Ultra Long Range Jets Bombardier Global Express BD-700 4+13/19 55,250 44.950 43,170 499
3 Ultra Long Range Jets Airbus A319 Corporate Jetliner 4+12148 167,3B0 73.135 71,815 4S6
4 Ultra Long RangeJets Boeing 737.7001IGWBBJ1 4+t/149 171,500 76.933 71t657 470
5 Ultra Long Range Jets Boeing 737-800 BBJ2 4+811E9 174.700 74.385 69.968 470

6 Jet >20000 lbMTOW ,: '> ,'Bombardier Learjet 45 LR-45 2+.89
7 Jet '20000 lb MTOW Cessna Citation Excel CE-560-XL 2+1111
8 Jet '20000 lb MTOW Bombardier Leaet 60 LR460 2+6/10
9 Jet '20000 lb MTOW Raytheon Hawker BOOXP 2+8115

10 Jet '20C00 lb MTOW Israel Aircraft Astra SPX IA-I 125A 2+7/9
11 Jet '20000 lb MTOW Fairchild Domier Envoy 3 Corporate Do324-310 2+18/32
12 Jet '20000 lb MTOW Fairchild Domier Envoy 3 Executive Do32S-310 2+10/12
13 Jet 20000 lb MTOW Embrner Legacy Shuttle EMB-145 2+19/37
14 Jet '20000 lb MTOW Cessna Citation X CE-750 2+8U12
15 Jet 2C000 lbMTOW Israel Aircraft Galaxy 2+e11e
16 Jet '20000 b MTOW Dassault Falcon SOEX DA-50 2+9/19
17 Jet '20000 lb MTOW ' Embraer Legacy Executive EMB-145 2+12115
18 Jet '20000 lb MTOW Dassault Falcon 2000 DA.2000 2+8119
19 Jet '20000 lbMTOW Bombardier Corporate Jetliner CL601RJ 2+18)30
20 Jet '20000 lb MTOW Challenger 604 CL-604 2+.919
21 Jet '20000 lb MTOW Special Edition CL-601SE 2+15119
22 Jet '20000 lb MTOW Dassault DA-9OOB 2+12119
23 Jet '20000 lb MTOW Dassault DA.900EX 2+12119
24 Jet '20000 lb MTOW Gutistrearn G-IV 2+14/19

20,750 7.055 6.062
20.200 7,500 6,740
23.750 9.050 7.910
25.120 11,720 10,000
24,800 10.700 9,365
34,789 13,941 11.154
34,789 11,420 11.154
44.246 16.667 11.321
36.400 14.400 12.931
35,600 15,800 15.000
39,900 17,650 15.520
48,633 19,996 17.702
36,000 13,250 12.154
51.250 19.590 14,305
48.300 21.200 19,850
53,250 19,410 18.305
45,700 20,425 19.165
48,500 22,471 21,000
75.000 31,800 29.281

456
423
453
447
455
387
387
457
506
476
481
459
479
460
458
444
474
474
476

25Jei<20000IbMTOW . ',' -;, 'Cessna CJI CE-525 1+6/7 10,700 3.850 3.220 377
26 Je <20000 lb MTOW Stio Swearingen SJ302 1+4/6 13.600 5,400 4.950 459
27 Jet '20000 lb MTOW Raytheon Premier I RA-390 1+6t7 12.590 4,350 3.612 455
28 Jet <20000 lb MTOW Cessna C.t2 CE-525A 1+7/8 12.500 4,800 3,930 407
29JetI20000bMTOW Cessna BravoCE550 2+7/11 15.000 5.600 4,824 400
30 Jet '20000 lb MTOW Bombardier Learjet31ALR-31A 2+6/10 17.200 5,997 4.124 456
31 Jet '20000 tb MTOW Raytheon Beezjet BE-400A 2+7,9 16.300 5,385 4,912 A47
32 Jet '20000 lb MTOW Cessna Citation Encore CE-560 2+7/11 16.830 6.330 5.400 426

33 Multi Turboprops '12500 1b MTOW> -! _--RiEx-cutlveI900O'4' /2. V19)t,-ti ; r f ,4 0 t 58
34 MuftiTurboprops I12SOlbMTOW Raytheon KtingAir350 1+9v15 15,100 ,.460 3,611 312

35 Multi Turboprops <s12500 lb 1i.OW: 6 ', Reims Cessna Caravan II RA406
36 Mjlti Turboprops -=12500 lb MTOW - Raytheon King Air c908
37 Multi Turboprcps <'12500 lb MLTOW Raytheon King Air 82005E
38 Multi Turboprops <'12500 lb MTOW Raytheon King Air B200CSE
39 Multi Turboprops -*12500 lb MTOW Ray~theon King Air 8200
40 Multi Turboprops '-12500 lb MTOW Piaggio Aero Ind. Avanti P180

1+en1131.8113

1.71151.7/15

1+7/15
1+7/19

9.925 4,193 3.183 231
10.160 3,150 2.573 246
12,590 4.320 3.645 292
12.590 4,010 3,645 292
12,590 3.970 3.645 292
11,600 3,930 2.002 392

41 S1ngleTurboprop I,; - 'Cessna CaravanICE.20875 1+919 8,035 3,211 2.224 166
42 Single Tuboprop '-, Cessna Grand vin CE-208 a 1.9/9 -7- ; 8.7BS ,'-370Br" ; '2224i ; ,t2
43 Single Turboprop ' -- : NewvPiper.; MeridianPA46-500T-M'O r, 1+4/, : -- , 4e833;;-1.27t' !j,139' ,; -:262
44 SingleTurboprop ' -;, ' TBMSA: TBM 700' 'r . ' 1+56 .u ;r's ;_; 6,614 - :-'23141.4-18B7 300
45 Single Turboprop PC-12 _tC ) . : : t7/10 i t 9965 ,5 3 7 4 5 , 2.704 :270

46 Multi EngineTurbocharged $'i;,C4 New Piper

47 Multi Engine Noriatl " ' : , Raytheon

48 Single Englne Preisurted a , ,, New Piper
49 Singl Engine Pressurized Extra

50 Single Turbor hirged j- Y- Cessna
51 Single Turbocttarged Cessna
52 Single Turbocharged El Gaviian
53 Single Turbocharged Socata
54 Single Turbocharged New Piper
54 Single Turtocharged Mooney
56 Single Turtocharged Commander
57 Single Turbocharged Raytheon
58 Single Turbocharged Lake Aircraft

Seneca V PA-34-220T 1+415 4.773 1,305 732 204

Baron 58 1+415 5.524 1,634 1.164 200

Malibu Mirage PA.46-350P 1+415
EA 400 1.+5S

Turbo Skylane CE.T182T 1+313
Turbo Stationair CE.T206H 1S,'S
358 EL-1 1+717
Trinidad GT TIC TB-21 GT 1+314
Saratoga It TC PA-32RJ301T 1+4/5
Bravo MO-20M 1+3/3
115TC CDR-114TC 1+314
Bornanza B36-TC 1+4/S
Turbo Sea Fury LA-270T 1+3/3

4.358 1,237 720 212
4.407 1,307 1.080 243

3.110 1,093
3.617 1.334
4,516 1,642
3.066 1,096
3,615 1,107
3.374 1.024
3.305 1.153
3.866 1,126
3.151 951

2.900 950
3.110 1,192

522
528
624
517
612
534
528
612
528

164
135
166
194
217
184
200
155

59 Single Norrnaly Aspiriied% '-,,-,' , "'>Ci-nsC Design SR20
60 Single Norrraliy Aspirated Cessna Skylane CE 182T 1+3,'3

336 160
522 141
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Appendix B: Aerospace Industries Association, Aerospace Facts And Figures (abridged)

AER(OSPACE FACTS AND FIGURES 200012001

TURBINE-ENGINED AIRCRAFT IN THE WORLD AIRLINE FLEET
y Alodel, 1995-1999, confiltiedi

1 99S3. 1996' 1997" 19911a 19993

Turbolirops-TOTAL .................. 6,457 6.8s1 7.072 ,n,010 7,226
Aerospzitiale N.262!M21iha%%-k 298 13 9 9 11 1 2
AerospatialeSeritalia ATR 42 ... 259 283 296 299 296
Arrospatiale'AeiitalijaATR 72 ... 158 177 177 202 222
AibteCh CN'-235 ............. 2........ I5 24 2.4 24 33
Antonov An-8 ........................ - - 2 - 6
Antonov An-I 2 ..................... 46 Gs 1 83 81
Anlmonv An-22A ..................... 2 9 5 3 3 1
Antonov An-24326!28!30!32 400 484 530 499 475
B.Ae. ATP .............................. 52 55 s0 575
P,.Ae. \VingtILard ..................... 1 - -

B.Ae. VisrounLt ........................ 2 4 20 is 12 1)
l.Aie. (HP-13,7 1etstreani 31 29?6 274 287 233 25S
B.Ae. jetstream 41 .................. 66 74 91 92 92
fl.Ac. HS-748 ........................ 126 126 125 124 118
Bepch 18 Turbo ..................... 21 20 20 18 9
B~eer1eh 90 King Ai ................... 35 39 46 39 46
.Beech 99 ........................... 143 140 138 139 110
Beech 100 I KingAlr .............i.. 46 48 39 39 47
BeeKCh 200.300 SLIjx-r King Air ... 121 126 122 111 112
feech I "00 ........................ 5 5 9 6 9
Beech 1 ..................... 3,71 3'89 430 467 469
Brimtol 1, 7 Brilannia .............. 1. 1 - - -

Canmidair CL-44 ..................... 1 - - 4
CASAN'Nuian1o C-212 Aviocar ... 114 111 113 105 110
Cessn.a 208 Caravan I ........... 45. S 528 608 601 647
Cessna F406 Caravan 11 ............ 35 28 30 31 L0
Cessna 425/441 Con(questil ...II 4 5 14 19 19
Conxair 5C0V60W640 ............... 111 114 1 07 107 106
DH(-2!3 Tuirbo Beiver/Otter ... 1 7 2 20 20 24
DIIC-5 Buffalo ..................... 1 1 1 1 1
DHC-6 Twin Otter ............ 395 394 395 371 36'5
DHC-7 Daish 7 ..................... 70 75 69 71 69
DIIC-o Dash V . ..................... 365 408 424 444 489
Dornier D 0-1 8 ..................... 106 112 114 11S 121
Dornier DO-8 . 42 59 61 73 63
Douglgs DC-3T Turbo Express 2 1 1 1 3
Emnhraer EMB-110 Bancleirante ... 192 211 200 199 199
Embraer EMB-120 Brasilia 2......... 54 295 308 316 307
Emlbraer EMEB-121 XinQU - - 2 2 3
Fokker/Fairchild F-27/FH-227

Friendship ....................... 315 312 318 278 276
Fokker 50 ....................... 171 176 171 167 188
GAF Nomad ........................ 18 13 15 15 16
Grumman G-21 Turbo Goose ... 1 - - - -

Grumman G-73 Turbo Mallard 5 5 5 5 6
Grniniman G-159 Gulfstrearn I ... 39 34 30 27 27

.Continued on next page)
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TURBINE-ENGINED AIRCRAFT IN THE WX'ORLD AIRLINE FLEET
(By Model, 1995--1999, conliniued)

i 995. 1 9963 1 997" 1 998 z 1 999 3

Turboprops (conlinuted)
Handllexv Page Herald ............ 15 10 2 1 1
H-aI rbinlY U'- 11 .................. 41 42 42 48 48
IAI Arava ........................... 2 3 3 4
IluShill IL-18 ..................... 33 38 34 32 41
Ilulu-cShin IL-114 2222.................. 7 2 3
LET L-410 ........................... 61 8 115 118 141
Lockheed L-1 88 Electra ......... 51 53 36 44 43
Lockheed L-1001L-382 Hercules 56 56 45 35 44
MtSuLih11i MU-21B ............... 14 15 15 16 21
N i hon AMC Y'S-11 81 78 63 49 46
PilAktus Britten-Nomlian BNl-'2T"

Turbo Islanrder ............... 2... 5 6 6 5
Pila1tuS PC-6 Turbo Porter 5...... 2 28 30 24 23
PilatuIS PC-XI ................. - 2 2 14 21
Piljxr PA-31 T!42 Cheyenne ... 16 1s 20 2.0 22
Piper T-1040 ..................... 1 2 13 1 4 13 13
PZL 'Antonovj An-28 ............ 6 6 3 3 27
Rockw;ell Turbo Conindler 9 9 11 9 8
Saa1) SF-340.A!B .................. 355 379 396 432 414
Saab 0 .......................2. 2 34 42 45 43
Shorts 5C-5 Belfast ............... 2 2 2 2 2
Shorts SC-77 SkxlinerlSkyvan 35 35 32 30 27
Shorts 330 ........................ 50 52 48 42 37
Shllot 360 ........................ 106 104 103 93 102
Seaine............... 38 45 53 55 58
Swvearingen Metro ............... 423 398 394 379 398
Transall C-G60 ..................... 6 - - - 6
XIan iAntonov, YJ ............... 66 66 66 66 65

TOTAL AIRCRAFT IN SERVICE 20.041 21.1,7 22,110 23,002 24.128
NumIbi)er .Mn1IanufCtLirecI in U.S. 11,775 12.117 12,487 13,139 13,537
Prercent MJ\anUfactured In U.S. 58.8% 57.4% 56.5% 57.1 °;; 5G.1"

Turbojet Ahicraft in Service ...... 12-.810 13,425 14,024 14,621 15,453
NIuml)er ,alnufaCILired in U.S. 9,2'65 9,520 9,789 10,126 10,430
PCe-cen1tMan1ufaClUrecI In U.S. 72.3 0% /0.9"%,, 69. 8 ON 69.3 ° 67.5%,

Turboprop Aircraft in Service ... 6.457 6.851 7,.072 7.010 7,226

NumbermanuIfactured in U.S. 2,002 2,074 2.1 72 2,1 65 ,2226
Percent MManLiaCtUred in U.S. 31.0 I 30.3° 30.79,% 30.9 % 30.8%E

Turbine-Powered Helicopters
In Service ........................ 774 851 1,014 1,371 1.449

NUmber MNalufacltured In U.S. 508 523 526 848 881
Percent IMMnufactured in U.S. 65.6%° 61.5% 51.9%,0 61.9 % 60.8 q'

ceeirco tv.n Internatlonal Corpany. AIr 'cotld -cun'ey corrpiled byAvbtlon DanLi Servlce, Inc . tnnuallyi.
t'%OTI The fAir XVoikI Survey ' covcer5 aircrafl In altllne sernice as of lDecembcir 3i. [XcIUdS air IJXd r~ioratrs.

a Inciudres lrcraft oerfnl In dic Commonmealth of Indkpencden State countries. rormeolN grouped undck Acrofloi ancl
exdtiti&d fron the sumnary.
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AEROSPACE FACTS AND FIGURES 20001'2001

ACTIVE' U.S. AIR CARRIER FLEET
By Type of Aircrafl, Number of Engines and Model

Active as of December 1995-1999

1995 1996 1997 1998 1999

TOTAL ........................... 7 ,411 7,478 7,616 8.111 8,228

Turbojels-TOTAL ........................ 4,832 4,922 5.1 08 5,411 r 5,630

Four-Engine-TOTAL .............. 43.... 435 440 450 447 441
Doeino 707 ............ .................. 6 5 3 - 1
Boeing 747 ............................ 189 195 201 201 188
E.Ap.!.A\'RO 14G ...................... 21 21 '6 18 46
mcDonnell DouLlas DC-8 ............ 2 7 19 219 220 223 206

Three-Ennine-TOTAL .................. 1.210 1.212 1.224 1.238 1.181

Boeing ' .............................. 77 856 674 882 811
Lo eeL-l . .................... 97 102 79 70 66
NicDonnell Wufglas DC-1O. tD-11 236 254 27`1 286 304

Twin-Emine-TOTAL .................. 3.187 3,270 3.434 3 , 7 6r 4.008
Airbus A-300 ........................... 53 62 68 61 68
Airbus A-SlO ............................ 23 27 28 39 39
Ailrbu s A-'.1 9 ........................... - - 2 23 40
AirluS A-3120 ........................... 104 11' 119 143 162
BAr HS-125 ................... . - - - - 1
ErBec. 400 ............................- -- 1 1
:oeinn 717 ........................... - - - - 2

Bodeing 7 ........................... 1,055 1,0;; 1,077 1,080 1,179
4oe4n0 ,75 ............................ 457 487 510 555

Soein; 767 ........................... 2 10 213 2 34 261 278
Boeing 777 ............ 7 15 23 36 53
Canadair CL-G00 ........................ 375 53 152 187
Csrs-n:.1 (:.tCSOICS;1 ..................... - - 10 9
Dassnu AMID ........................... - _ 2 7 27
Emlbraer ERI-135 ........................ - - - 7
Enmbaer ERJ-145 ........................ - - 11 5 95
rokker 7r-M . ............. ........ 155 155 142 147 145
Isrnrel Aircraft 1124 ..................... - - - 1 1
Learjet LR-5 ........................... - 2. 3 7 8
Learjet LR-31 ........................... - - - 1 1
Learjet LR-35 ........................... 3 4 9 11 11
McDormell Douglas DC-9.'

NAD-S0WMD-90 ........................ 1,102 1,114 1,154 1,158 1.133
&MitSubI15hi A1U-300 ..................... - - - 2 5
North American NA-265 ............. - - - 1 1

Ttirboprops-TOTAL ..................... 1 , 713  1,6 9 6 r 1 ,6 4 6 r 1 18 3 2 r 1,788

Four-Engine-TOTAL .............. 81.... 8 56 45 39 28
Canacair CL44D ........................ - - - -

De Havillanld DHC-7 .................. 16 12 5 7 6
Lockheed 188 Electra. 3.................. 4 23 22 17 14
Lockheed 382 ........................... 21 21 18 15 8

(Continued on next pagel
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ACTIVPE U.S. AIR CARRIER FLEET (Continued)
By Type of Aircraft, Number of Engines, and Model

Active as of December 1995-1999

1995 1996 1997 1998 1999

Twin-Engine-Total ..................... 1.632' 1,635' 1 S596I 1789r 1.759
Airtech CN-235 ........................ - - - - 1
Bec1chBE90 ........................... 1 2 I 8 6
Beech E9 .......................... 36 36 38
Beech FE100 .......................... 1 2 1 2 4
Beetch EE200 .......................... 4 11 7 19 19
Reec-h RE1900 .......................... 289 254 243 325 239
B.Ae . ATP .................... 10 10 9 - 9
B.Ae. Jetstrenm ........................ 174 223 215 203 184
CASA C212 Aviocar .................. I - - 3 4
Cessna Cr2O3B ........................ - - - 137 167
Cessna C441 ........................ 2 2 2 4 2
Conviir 580.6001640 .............. ;. 34 23 19 15 12
DeHavilland DHC-6 .................. 44 3 49 54 54
De-Havill.ad DHC-8 ................. 17. 1 151 154 169 180
Dornier DO328 ........................ 33 39 47 35 39
Emr-naei EMB1il ..................... 14 3 1 1 1
Embraer EMIB120 ..................... 217 235 227 218 22;
Fairchild.Fokker F-,71FH-227 ...... 35 36 44 8 38
GrUmman G-,3 ........................ ; 5 5 53
GtUlfisrearn 690A ........................ - - 1 -

,lit.ubislii l-2 ........................ - 3 11 13 14
NihonY \'S-i I ........................... 11 11 - - -
P ipfr PA)1T .......................... ; 9 10 6 6
Piper 42 .......................... 1 2 2 2 2
Saab-Fahrchild SF340 .................. 219 2q26 23 271 275
Shorts SC-7 .......................... 3 3 3 3 3
Shorts SD-3 .......................... 38 39 33 15 20
SNAIS ATR-42 .......................... 110 99 95 83 79
SNAIS ATR-72 .......................... 5 1 51 55 60 60
Swvearinnen SA.-226 .................. 13 9 7 4 r 3
Svwearinnenl SA-22'7 .................. 144 121 ,73 60 72

Single-Engine-TOTAL .................. - 5 5 4 1

Pi0on.-Engine-TOTAL .................. 748' 739' 72 8r 751 r 68S

Foutr-Enine--TOTAL .................. 5 1 19 17 19
Dougnlas DC-6 .......................... 15 18 19 17 19

Three-Engine-TOTAL .................. 1 7 4 3 3
Pil1a1us Britten-Norman

BN2A-.MiK-3 Turbo Islander ...... 1 7 4 3 3
Twin.En;ine-TOTAL .................. 333' 317r 2 98r 391 r 292
Single-Engine-TOTAL .................. 399 397 407 340 374

Helicolpters-TOTAL ..................... 118 12 1 134 117 122

Se1irC d1eiral 11al1o0 AdmInisnlatlon. 1rA SLtisicaI fI~indrooldoA Av'jlobn Annuall~j.
NOTE: Ifiecilve 197. incluckscei:iflc-ited routo tiL cnmlc.rs.suLiilpkjner-nti iircarr'ri c1rtchi ,neulti-a,,nnealicri3I In pisonlrr

orvice of coniuiuu's. and all 3ircr rlm vet 12,300 Ix)unds qxpted Ly Pailt 121 and Part 135 mommtnume qxer.nors.
a '.Adlhve alrcrai" eLquals he wera,,te numbm of alrcit topolied In q-era311n duing the bist quanf!r of the yea r.
r Rf(Mscd.
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Appendix C: Analysis Spreadsheet (abridged)

- - i" 7jpi-'l rr.13o04i Wr 3401 .. s9i M51 ,

331...1.... .q.J. 1- EG.* 's aVOV 4*41319 63M3 40e A OW 04= 852 495= 42329 1/3*4 29.1/1 32191134S 23.115o1 2790111

W0a4L.90ti,.~ J... Abl.. A279 COO 3J14h04 **12320 34725 40, 4 37M 34 D3 W37)4 1607W 7.120 71.31S 31.110 50437*91 5.454L70A3 UI01234
Tr I f'710J2W53 Mr 9.514 21.129 473 a 1Wl 19.72 171)4 IY3)4 7432 13,607j 45529 4415120 230A*4.23e 15,15!

S Ut.. L-9. O.n.p... J..h. 717.100 gin 4.4159 rim4 co0 A 13 2729 171 1741W YAMS 64293 X9*3 951'sio91 IW220 3243
I o 245b17W6ab..d.. Le..I is LRJO 249 213D0 41 2 3W 1 354 3700 2232 7 D0 092! 1712 SUN219 Z127.02 99)

J .: 2.-C1604 331004 C... Ckw.t Inol CIE0W'0. 24511 2329 An 2 31W 1.601 Z=) 21) 7-sm 6402 022 SIJIAAI1 3122- 15.471 574)
6J. 23.~4 P MTOW B....1, L..w10t

1 5 
A 2)4m *5 2 DM 1350 2271 223= 9290 7310l 6.700 Go= TM2 &9.'16331OA1 971111

s ~25.9.1W U6*vR 1
% -. 1491*4.ow2 ~ 15 1=2 447 2 3m 1710 20.1m 21)4 II;= IC= 9 072 60 5722 SUP15.119.410 03)4

t0 J.. .0W. B. 13T034 b.401154,6 ." C 53 9 S 1 CS12A 2.75 230 Am 2 1W0 2002 24)4 215SW t07W Om1 7529 7509.775* £730152012 1270)4
IZ 3..21'"O .637000 F.R..I4 11.4.", t-*yll Cq~.¶0 NXI3131) 2.1112 ?PA 1W 2 1W 7,591 3110 313SU 13,2411 11.104 5570 74.143IN5 6.J1W=72. 25512

12 .3.349.59.14144 F.dlad l131.... Z" ba3 .40.D.129310 2.1r072 BAtS 316 2 MO 61174 3*73 31*26 11.120 11.1S1 Si's 7*.W143 SG= .1= 2347)4
N3.P.: 23609.A4704W 0.11... L ~~ Stm. E.534-SA 2.19.27 7?90 41 2 JIM 7.31 1124 *4JA2 3657 II301 11372 132)3*7W r7,102511;7 22/72)
14 Jo .3440 9. 54140 C-..4 Cc*m.C.s557 2.8,.12 24M Om6 2 1WM 2m7 20029 NI 201034.427 12311 12)4 1322025) 6055443= OM=0
15 3. .235449IL5104 b....3L-,A GAU.y 2.'= ) 470 2 MO 23fi 203M 35A00 10) 10)= 13) 110.175,lM5 76.160*79.104 1.320)
30 J:s .2001IL 9.1704 D9.-4* ja-. M D45L*X9 2419 323 Al1 2 JIM 237 29J3 39.77 t7505 Is 0* 1 1 314 "M70."7 703Zlsr"31 1349)
17 J.. .20339.W1C1W 0.3.. Leo.c E.-34. 55104S.4 2.7215 Sam0 409 2 M3 1.26 45201 *43An 332" 1771 13229 110615215 6)139M 307 3.343)
le 2.3.4 ?-.W IdlaW D.-I'l F-.a 2/0700.3A1 20%9.1 43110 dli 2 21W 31 ISM Mi70J 2312M 132391 12.11A ?.W5 117A11601 GV3793iM7 2.7W5073
II J...244e.6 W TOW C..b..h." C".r ujlw.CL.43FJ 2.10)3X C32./ AM 2 X)0 1OM4 91.2M 03) II=5 14151 7)4 10474A7 72=mo=) 533)4
22J"W"Iflo*310 CUI1. SU...4 CIW45 2.4.1 4)4 11 2 10 J01M 18329 im) 21)4 II= 161W 151.273651 907).M007)4 2Z'01W
21 J.. .2029.4 W USTdl 144. CL4901SE 2.1079 1 4490) A" 2 1W 12370 13290 13) 14.410 1835 13790 149)427 02.0151556 2.605)4
27 J. .290098.04340 3... .04 2.12r7 235 C'a 2 Ji3 2A4 40.7W 4092 2-13 19.1645 177W IaGw07vs rX., 312im2 1;777)4
:23 J. -, 29.9.5474W 54.... 5.4.430 2.1r.9 six ea4 2 332 14.3 113 A9)4 22371 21)4 3759 16400513 Imss333.a 2242)4
'24 J:%_ ..".a..MT.I WI o** 2.11/19 IBM Vs0 2 3M S1am 71)4 34 MO 31325 29511 Z56= 21257136 14457730074 27?2S)4
S JI.i.23o4 IL9.30W --.. - C---. 5.31 CE Ms 14.7 150 277 1 I7n 3270 1070 1033 3)40 32 2X0 21=4163 16319,910.4-141 937A
07J.. -.NO" 9, 501W &h.,. S..39. 32 1*46 95X9 109 I 170 3220 123s 13.43 50.1 00 2005 3 CM,=07 25.134.179.104 61233
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Plans for Next Reporting Period

Work on Tasks 1 through 8 will continue.

Property Acquired

A HP X4000 Linux workstation costing $6.6K was acquired so that classified calculations (e.g.,
PRONTO calculations) that support this program can be performed by staff of SNL Organization
6141.

No equipment with a value greater than $500 was purchased during the current month.

Travel

J. L. Sprung traveled to Washington DC to attend a briefing by Holtec International staff on the
Hi-Star transportation cask-system at NRC Headquarters in Rockville MD on 19 September.

Budget Status

The following table presents program costs ($K) by task for the current month and for the fiscal
year to date:

Task Title Current Fiscal YearMonth tofDate
1.1 Jetliner Crash into an ISFSI 122.5 674.4
1.2 Small Plane Crash into an ISFSI 0.1 30.3
1.3 ANSYS/LS-DYNA Jetliner Model 8.3 109.4
1.4 Jetliner Crash into a Spent Fuel Rail Cask 0.0 0.0
1.5 Small Plane Crash into a Spent Fuel Rail Cask 0.0 0.0
1.6 Small Plane Crash into Other Radioactive Material Packages 0.0 0.0
2.0 _'eapons, Radioactive Materials, Consequences 14.0 74.0
3.0 Models for Other Spent Fuel Transportation Casks 2.6 3.3
4.0 Models for Other Spent Fuel Storage Casks 0.0 0.0
5.0 Threat Assessment for Sabotage Scenarios Involving Storage Casks 0.0 0.0
6.0 Threat Assessment for Sabotage Scenarios Involving Transportation Casks 19.9 83.6
7.0 Models for Transportation Packages for Other Radioactive Materials 0.0 0.0
8.0 Threat Assessment for Sabotage Scenarios Involving Other Packages 0.0 0.0

Code Demonstrations 0.0 0.0
NRC Support 13.3 136.5
NISAC 20.7 53.8
DOE Added Factor' 0.0 4.8
TOTAL 201.3 1170.1

a. DOE waived this load beginning the month of May 2002.

The financial reporting for this month is based on the 189 submitted at the end of February of
2002. $201.3 K was spent during September of FY2002. Total FY2002 spending was $1170.1 K.
$1741.9 K wvill be carried over into FY03.
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