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AIRCRAFT CRASH IMPACT HAZARD AT THE
PRIVATE FUEL STORAGE FACILITY
I.

INTRODUCTION

The purpose of this report is to evaluate the potential aircraft crash impact hazard at the
Private Fuel Storage Facility (PFSF) site, located in Skull Valley, Utah, approximatelv 50
miles southwest of Salt Lake City. The report considers and evaluates the potential crash
impact hazards with respect to both military and civilian air operations in and around
Skull Valley.
With respect to military air operations, U.S. Air Force F-16 fighter aircraft transit Skull
Valley en route from Hill Air Force Base (AFB), located 65 miles northeast of the PFSF,
to the Utah Test and Training Range (UTTR) South Area, which is a large militarv
training range with its eastern land boundary located 18 miles west of the PFSF and the
eastern boundary of its restricted airspace located two miles west of the PFSF. Some of
the F-16 flights through Skull Valley carry military ordnance. F-16s from Hill AFB and
other military aircraft of various types conduct training exercises on the UTTR. F- 16s
from Hill AFB occasionally return from the UTTR South Area to Hill via the Moser
Recovery Route. which runs to the northeast. 2-3 miles north of the PFSF site. Some
military aircraft comprised mostly of larpe transport aircraft also fly to and from Michael
Army Airfield, located on Dugway Proving Ground. about 17 miles southwest of the
PFSF.
Civilian air traffic in and around Skull Valley consists of aircraft flying on Federal airway
J-56, which runs east-northeast and west-southwest about 12 miles north of the PFSF site;
aircraft flying on airway V-257, which runs north and south about 20 miles east of the
site; and general aviation activity, which has not been reported but conceivably may
occur in the area. Commercial air traffic to and from Salt Lake City International
Airport, including business jets. flving through the region around the PFSF is included in
the traffic on J-56 and V-257.

Therefore, the aircraft flying in and around Skull Valley that could potentially impact the
PFSF in the event of a crash may be grouped as follows:
*

F-16s transiting Skull Valley en route from Hill AFB to the UTTR.

*

Military aircraft conducting training on the UTTR

*

F-16s returning to Hill AFB from the UTTR via the Moser Recovery.

*

Military aircraft flying on IR-420 en route to Michael Army Airfield,

*

Civilian aircraft on airway J-56,

*

Civilian aircraft on airway V-257, and

*

General aviation aircraft

As set forth in this report. PFS has calculated the annual crash impact probabilities for the
PFSF (assuming a facility at a full capacity of 4.000 casks) for each group of aircraft
discussed above. The probability that ordnance carried on a military aircraft would
impact the PFSF separately from that of a crashing aircraft has also been calculated.
The sections of the report are organized as follows. Section II below sets forth the
regulatory standard to be applied for deterrnining credible design basis events for
Independent Spent Fuel Storage Facilities (ISFSls), such as the PFSF. Sections III
through X describe the impact probabilitv calculations for each group of aircraft and for
military ordnance in detail, including the numerous conservatisms embodied in those
calculations. Section XI briefly discusses additional significant conservatism provided
for by the resistance of the casks to penetration for which no credit has been taken in the
calculated impact probabilities. Section XII provides in summar-y table form the
calculated impact probabilities for each category of aircraft discussed above and for
jettisoned military ordnance. Section XIII discusses the Area Planning Guide for
Military Training Routes.

SECTION II INTENTIONALLY REMOVED

-

III.

F-16s TRANSITING SKULL VALLEY

This section of the report evaluates the potential crash impact hazard to the PFSF from F16s transiting Skull Valley en route to the UTTR South Area. The U.S. Air Force has
indicated that the predominant route of choice for F- 16s transiting Skull Valley en route
to the South Area of the UTTR is down the east side of Skull Valley (from north to
south), along the edge of the Stansbury Mountains, approximately 5 statute miles east of
the PFSF site at an altitude of 3,000 to 4,000 AGL.3 In 1998, 3,871 military aircraft
flights transited the valley, consisting almost entirely of F-16s. 4 The F-16s fly in the
Sevier B Military Operating Area (MOA), which, along with the restricted areas of the
UTTR South Area. is indicated on the map at Tab A. The MOA is laterall) bounded as
indicated on the map and has a ceiling of 9,500 ft. above sea level (MSL).
As described by the Air Force, the F- 16s fly down the east side of the valley for the
purposes of using the Stansburv Mountains for terrain masking (living below the ridge
line of the Stansbury Mountains to avoid detection by hypothetical radar on the other
side), to avoid restricted air spaces to the west and south of the PFSF (R-6406B and R6402B) and to avoid English Village (labeled "Dugway") on Dugwav Proving Ground to
the south of the PFSF site. See Map at Tab A.5 As show-n on that map. the Sevier B
MOA, through which F- I6s transit on their way to the LTTR South Area. narrows
several miles to the south of the PFSF wvhere it lies entirely to the east of Skull Valley
Road. Further, English Village lies directly to the south and slightlN to the east of the

Briefing, USAF Safety Issues Team, HQ USAF. Pentagon. Washington DC 20220 (including conference
call with 388"' Fighter Wing Hill AFB Chief of Safety) November 20, 1998; Telephone conversation
between Brig. Gen. James L. Cole, USAF (Ret.) and 3 88 'h Fighter Wing Vice Commander, Hill AFB, UT.
July 29, 1999.
3

Fighter Wing Response to Freedom of Information Act Request of Julv 24. 1999 [hereinafter 388
TFW FOIA 24 JUL 99]; Electronic mail from Col. Charles Bergman. USAF, to Brig. Gen. James L. Cole,
USAF (Ret.) (June 25, 1999).
4388th

5 Briefing, USAF Safety Issues Team, HQ USAF, Pentagon, Washington DC 20330 (including conference

call with 388' Fighter Wing Hill AFB Chief of Safety) November 20, 1998; Telephone conversation
between Brig. Gen. James L. Cole, USAF (Ret.) and 388" Fighter Wing Vice Commander, Hill AFB, UT.

Jul, 29, 1999.

PFSF. Thus, wholly apart from F-16s tracking the Stansbury Mountains to practice
terrain masking, the natural route of flight for the F-I 6s transiting Skull Valley would be
to the east of Skull Valley Road, away from the PFSF. The fact that the F-16s generally
stay on the east side of the valley reduces the risk from a crash, because aircraft at
relatively low altitude at some distance from the site are much less likely to hit the
facility in the event of a crash than aircraft at higher altitudes or directly over the site.
Although the route of choice for F- 16s transiting Skull Valley is the east side of the
valley toward the Stansbury Mountains, PFS has performed its air crash probability
calculations conservatively assuming that the F-16 flights are uniformly distributed
across the Sevier B MOA airspace in the vicinity of the PFSF. Specifically. at the PFSF
location in Skull Valley, the Sevier B MOA extends approximately 2 miles to the west of
the PFSF site and 10 miles to the east. The maximum height of the MOA is 9,500 ft.
MSL, approximately 5,000 ft. above the PFSF. Further, UTTR range procedures require
that north of latitude 40 deg 13 min N (which lies just south of English Village (which is
south of the PFSF)) planes are to fly at a minimum altitude of 1.000 ft. AGL. See Tab B
at p. 12. Thus, the F-16s transiting Skull Valley are, at the latitude at which the PFSF
would be located, confined to a cross sectional area show,-n in Figure 1.
To calculate a crash probability. PFS has assumed that the F- 16s flight are uniforrnly
distributed across this cross-sectional area. PFS then calculated the probability of crash
impact using the NUREG-0800 methodology as described below.
A.

NUREG-0800 Methodology

The NUREG fornula for calculating air crash probability is as follows:
P=N xC xAW
where N is the number of F-16 flights. C is the crash rate in crash probability per mile of
flight, A is the effective area of the PFSF, and W is the width of the area through which
the F- 16s fly.
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To facilitate the analysis of the F-16 crash impact hazard to the PFSF, PFS separates
potential F-16 accidents into two categories:

) crashes precipitated by engine failure or

other malfunctions in which the pilot will retain control of the aircraft (before ejection)
after the event precipitating the crash and 2) all other crashes, in which it is assumed that
the pilot does not retain control of the aircraft and ejects as soon as possible. In both
cases it is assumed that the pilot ejects from the aircraft before it strikes the ground. In
the first case, however, the pilot stays with the gliding aircraft for some period before
ejecting, while attempting to restart its engine or take other corrective actions. Hence he
has the opportunity to point the aircraft - as he is trained to do - away from a built up
area on the ground like the PFSF and the probability of hitting the site is small. In the
second case. it is assumed that the pilot is forced to eject immediately, due to the
catastrophic circumstances of the failure, and does not have any time to aim the aircraft
and hence the aircraft falls to the ground without further guidance from the pilot.
Therefore, PFS divides the potential F-16 crashes in Skull Valley into two categories and
applies the NUREG-0800 forrnula to each category. To account for the relative
frequency of crashes precipitated by I) engine failures and other malfunctions in which
the pilot retains control of the aircraft and 2) crashes precipitated by other events, and to
account for the relative probabilities for each category that an aircraft suffering an
accident in that category would impact the PFSF, PFS applies a factor. R. to the NUREG
fornula. The aircraft crash impact hazard to the PFSF posed by potential F-16 crashes
falling within the first category is:
PI = N x C x A/W x R,.
where R, is equal to the product of the probability that the incident leading to a crash will
be an engine failure or other malfunction in which the pilot retains control of the aircraft
and the probability that the pilot then will not be able to guide the aircraft away from the
PFSF.
The aircraft hazard to the PFSF posed by F-16 crashes precipitated by other events is:

P2 = N x C x A/W x R2,
-7-

where R2 is equal to the probability that the incident leading to a crash will be some event
that would cause the pilot to eject from the aircraft quickly, such that he would not retain
control of it and could not guide it away from the PFSF. The total Skull Valley F-16
crash impact probability, P, is equal to the sum of Pi and P2 .
Each of the factors in this formula were determined as set forth in the following sections.
1.

Number of Flights (N)

During fiscal year 1998, there were 3,871 military aircraft flights transiting Skull Valley
en route to the UTTR South Area. 6 According to the U.S. Air Force, virtually all of the
3,871 Skull Valley transits in 1998 were F-16 flights originating from Hill AFB.
According to the U.S. Air Force Deputy Chief of Safety, "it is a rare exception that any
military aircraft other than locally assigned F-16s transit Skull Valley. While a variety of
other militarv aircraft operate in the vast UTTR air space on many different mission
profiles. there is simply no need for them to transit the airspace located above Skull
Valley." 7 F-I 6s that work in the UTTR North Area are not a factor since during ingress.
range work, and egress they do not pass near the PFSF site. Therefore. PFS has used
3,871 as the number of F- 6 flights transiting Skull Valley for N in the NUREG formula.
2.

Crash Rates (C)

PFS has evaluated available F- 16 accident statistics and the mode of flight operations for
the F-16s transiting Skull Valley in order to calculate the applicable crash rate to be used
in the NUREG-0800 forrmula. As set forth in Subsection a below. PFS used crash rates
from the underlying DOE Standard 3014-968 which it updated with information

6388 TFW FOIA 24 JUL 99.

' Electronic mail from Col. Bergman to Brig. Gen. Cole, USAF (Ret.) (June 25, 1999). The U.S. Air Force
Airspace Manager is obligated to submit to the Federal Aviation Administration an Annual Military
Operating Area (MOA) Usage Report covering the Sevier A and Sevier B MOA's. Skull Valley is located
within but is only one part of the Sevier B MOA. Although many different types of aircraft are listed in the
Sevier B MOAiUsage Report. and aircraft other than F- I 6s use the UTTR, there is no requirement for
aircraft other than the F- 16s to transit Skull Valley, and as indicated by the U.S. Air Force Deputy Chief of
Safety, they rarely do so.
DOE Standard 3014-96. Accident Analysis for Aircraft Crash into Hazardous Facilities. USDOE, October
1996 ("DOE-STD-3014-96") (Tab G).

8

maintained by the U.S. Air Force on F-16 mishaps. As set forth in Subsection b below,
PFS assessed and verified the applicable mode of operations based on conversations with
pilots who have flown in Skull Valley and the authors of the DOE study and on
information provided by the Chief of Safety of Air Combat Command for the U.S. Air
Force.
a.

Accident Statistics

The U.S. Air Force maintains mishap rates for each type of aircraft, which are tabulated
per 100,000 hours of flight. PFS used the available mishap and crash data maintained by
the U.S. Air Force for F-16s to develop an F-16 specific crash rate. Historical crash rate
data for the F-I 6 are set forth in Table 1. It includes rates for each year and also provides
lifetime, 5 year average. and 10 year average rates for Destroyed Aircraft. Class A
mishaps, and Class B mishaps.
The Destroved Aircraft category basically involves a full loss and, if in flight, a crash
with the possibility of damage on the ground. Class A mishaps are severe accidents that
include either a destroved aircraft. or a loss of life. or over SI million in aircraft repair
costs or any combination thereof.8A A Class A mishap, however. does not necessarily
result in an aircraft crash or a destroyed aircraft. For example. an engine failure could
result in $1 million in damage without a crash if the pilot wvere to make a successful
emergencv landing. Class B mishaps are less severe and involve aircraft damage repair
costs of less than SI million and rarely involve a crash or crash landing.
The F-16 mishap rates shown in Table I represent a fairly typical lifecycle for accident
statistics of fighter aircraft. Later years in an aircraft life cycle historically produce lower
mishap rates as design problems are identified and fixed and improvements are
incorporated over time. This trend can be seen for the F-16 upon reviewing its historical

A single Class A mishap can result in more than I aircraft destroyed, for example, in a midair collision
when both aircraft are destroyed (albeit such events are uncommon). Thus, the number of aircraft shown
as destroyed inTable I can in certain years exceed the number of Class A mishaps, albeit conversely, as
stated in the text. there could also be a Class A mishap in which no aircraft were destroyed.
SA

-9s,

-

mishap rate set forth in Table . For example. the F- 16 lifetime Destroyed Aircraft rate is
4.17 per 100,000 flight hours with the 10-year and 5-year rates being 3.46 and 2.87 per
100,000 flight hours respectively, significantly less than the lifetime average of 4.17.
This can also be seen in Figure 2, which compares the F-16 accident rates with those of

F-16 HISTORY
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1
1
0
0
2
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5
17
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0
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2
4
5
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4
1
1
2
2
2
5
1
1
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0.98
0.22
0.22
0.46
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0.28
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other single-engine fighter and attack aircraft. Moreover, improvements in the
technology, equipment reliability, personnel selection, training and focus on safety have
gradually reduced risk and mishap rates over the years for military aircraft. wholly apart
of the trend for reduced mishap rates for individual aircraft as problems are identified and
fixed and improvements made, as reflected in the F-16 mishap data.
In development of DOE-STD-3014-96, DOE analvzed the mishap rates for various
military aircraft, including the F- 16, through 1993 and divided them into four categories.
These categories were takeoff. landing, normal flight, and specia] operations (involving
high-stress maneuvering on training ranges). From estimates of miles flown. DOE
developed crash rates per mile for normal flight operations and special flight operations.
This data is set forth in the technical support document 9 for the DOE Standard and is
attached at Tab C.
In developing aircraft crash rates. DOE used both Class A and Class B mishaps, even
though Crash B mishaps rarely involve a crash, and Class A mishaps may not involve a
crash. Thus. for our purposes here the DOE crash data would be conservative since we
are interested only in aircraft crashes which could potentially impact the PFSF. (Class A
& B mishaps for the F-16 in the last 10 years totaled 162 but there Were only 139
destroyed aircraft during that time.)
As discussed above, the crash and mishap rates for F-16s have generally decreased over
time in accordance with expected trends, and the rates for the last 10 vears and 5 years
are significantly lower than the lifetime rates. PFS has therefore updated the normal
flight crash rate (which as set forth below is the mode of flight in which F-16s transit
Skull Valley) developed in the DOE standard to incorporate this last 5 years of data. PFS
has also calculated normal flight crash rates based on the last five years and 10 years
respectively. These rates are as follows:

Kimura, et at., Data Development Technical Support Document for the Aircraft Crash Risk Analysis
Methodology (ACRAM) Standard, August 1, 1996 ("DOE ACRAM Study") (Tab C).
-
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F-16 Lifetime
Crash Rate for Normal Flight

3.372 x 08 per mile

F-16 Ten-year (1989-1998)
Crash Rate for Normal Flight

2.736 x 10-8 per mile

F-16 Five-year (1994-1998)
Crash Rate for Normal Flight

2.486 x I0- per mile

The calculations from which these rates are derived are set forth at Tab D.
PFS has used the 10-year average crash rate in its calculations. Use of the lifetime
average for calculating future crash probability would be unduly conservative given the
clear trend towards lower rates. as would be expected as discussed above. both for the F16 crash data. and military aircraft crash data generally. The five-year average represents
the most recent F-I 6 experience and might, for that reason, be considered more reliable
as a future predictor. However, to be conservative and to avoid the possibility of
statistical aberrations that might occur over shorter intervals of time. PFS has chosen to
use the 10-year average crash rate in its probability calculations.
b.

Application to Phase of Flight In Skull Valley

The applicable crash rate for F- 16s transiting Skull Valley would be the crash rate for
' normal" flight, as defined in the DOE Standard. since the F-16s are not engaged in any
high-stress training maneuvers or other special operations en route to the UTTR. The
maneuvers conducted by F-16s transiting through Skull Valley consist of clearing turns,
G-awareness maneuvers and terrain masking.' 0 These maneuvers fall within the
parameters of "normal" flight operations and would not be categorized as special"
operations as those terms are used in the DOE ACRAM Study. We have talked to the
authors of the ACRAM study, specifically. Richard W. Mensing, who was responsible
for analyzing the military crash data set forth in the study. He advised us that the term

'0Telephone conference between Brig. Gen. James Cole USAF (Ret.) and Lt. Col. Dan Phillips, USAF
(Nov. 20, 1998); Memorandum from Col. Ronald Fly, USAF (Ret.) (Oct. 21, 1999) (Tab E).
-I
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"special' operations describes the high stress, violent maneuvers that occur in simulated
air-to-air combat and air-to-ground weapons deliveries in restricted area ranges which
significantly increase the potential for air crashes. The relatively low stress maneuvers
undertaken by the F- I 6s flying through Skull Valley, as described below, would be
considered part of "normal" operations. not "special" operations as defined by the study.
Therefore, he agreed that it is proper to use the "normal" crash rate to calculate the
probability of F- 16s crashing as they transit Skull Valley.
The former commander of the 388th Fighter Wing at Hill AFB, Col. Ronald E. Fly,
USAF (Ret.). who has flown F-16s in Skull Valley, states in the memorandum at Tab E
that "[t]ypical maneuvering in Skull Valley is in the administrative and routine
categories, both of which are low risk phases of flight." This further confirms that the F16 maneuvers in Skull Valley do not invol,re the high stress, violent maneuvers of
simulated training activities and therefore belong in the "normal" category.
Specifically, clearing tums simply involve shallow banking tums looking for other
aircraft that could possibly be in the area. The G-awareness" maneuver is a set of two
sharp tums of relatively short duration for the purpose of subjecting the aircraft and pilot
to the G forces necessary to activate the pilot's G-suit and to confirm that it will work
properly during the high stress violent maneuvering that will take place later on the
range. The Chief of Safetv of Air Combat Command for the U.S. Air Force confirms in
Tab F that G-awareness tums are "merely a warm-up exercise" that are accomplished as
part of normal operations before entering a range.
Terrain masking simply involves flying at a constant altitude above the terrain while
staying below an altitude that would allow radar tracking by a potential enemy. As the
terrain rises, the aircraft climbs. As the terrain falls away, the aircraft descends. This is
neither an unusual nor special maneuver. For this flying activity, the F- I6s fly on the
easter side of Skull Valley in the radar "shadow" of the Stansbury Mountains. The
minimum altitude for flying in Skull Valley is 1,000 ft. above ground level (AGL),
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although most aircraft, according to the Air Force, fly at 3,000 ft. to 4,000 ft. AGL. 1 In
areas other than Skull Valley, 500 ft. AGL is the normal minimum altitude for such
maneuvers, and, as confirmed by the Chief of Safety of Air Combat Command in Tab F,
flying these maneuvers even at this altitude is not considered high risk.
Further, clearing turns, "G-awareness" maneuvers, and terrain masking are not confined
to Military Operating areas (MOAs) and Restricted Area Ranges. They are regularly
performed on Visual Routes and Instrument Routes en route to the ranges. Thus, in
addition to being normal, standard, low risk, and non-violent, these maneuvers are not
confined to range areas as are those that are termed "special operations." Consequently,
they appropriately fall in the "normal operations" category. The authors of the ACRAM
study and the U.S. Air Force agree with this assessment.
In sum, the "special" operations category in the ACRAM study was intended to cover the
high stress violent maneuvers involved in combat training exercises and does not include
the routine and administrative flight maneuvers of the F-l 6s flying down Skull Valley,
which are appropriatelv part of "normal' operations as that term is used in the ACRAM
study. Thus. the normal crash rate is the appropriate rate to use for F-16s flving down
Skull Valley and, as set forth in Subsection a above. the 10-year average crash rate per
mile for the normal phase of 2.736 x 0-8 is the appropriate rate to use here.
3.

Effective Area Calculation (A)

This section calculates the effective area of the PFSF site, Aeff, to be used in the NUREG
formula assessment of the air crash impact hazard to the facility. To calculate the
effective area for the PFSF. PFS employed the methodology in DOE-STD-3014-96,
Appendix B. That methodology accounts for direct impact into the ground occupied by
the facility as well as aircraft crashing short of the facility and skidding into it (the skid

Briefing, USAF Safety Issues Team. HQ USAF, Pentagon. Washington DC 20330 (including conference
call with 388 th Fighter Wing Hill AFB Chief of Safety) November 20, 1998; Telephone conversation
between Brig. Gen. James L. Cole USAF (Ret.) and 388h Fighter Wing Vice Commander, Hill AFB, UT.
July 29, 1999.
- 1-

area) and aircraft striking an elevated portion of the facility as they fly into the ground
just beyond it (the shadow area). The approach to calculating the effective area of the
PFSF is to consider, in accordance vith the DOE-STD-3014-96 methodology, the actual
critical areas within the PFSF. Those are the cask storage area for the 4.000 casks and
the canister transfer building. The casks in the storage area and the canister transfer
building are separated at their closest point by approximately 448 feet. PFS calculated
the effective areas for both the cask storage area, where the spent fuel casks will normally
be located, and the canister transfer building, where spent fuel will be located while being
transferred from a transportation cask into a storage cask or vice versa. and summed them
to obtain the effective area for the PFSF to be used in the NUREG formula (see Tab R).
The probability of impact into the PFSF is directly proportional to the effective area.
The probability (frequency) of crash equation by which one calculates the probability that
a crashing aircraft would impact the PFSF (i.e., either the canister transfer building or the

cask storage area) is:I'A
P(A + B) = P(A) - P(B) - P(AB).
where A is a crash into the storage area. B is a crash into the canister transfer building,
P(A) is the probability (frequency) of a crash impacting the storage area. P(B) is the
probability (frequency) of a crash impacting the canister transfer building. and P(AB) is
the probabilitv (frequency) of the same crash impacting both the cask storage area and the
canister transfer building. It may be seen from the above equation that if P(AB) exists
(i.e., if it is possible that a crashing aircraft could impact both the cask storage area and
the canister transfer building), including that term in the calculation would reduce the
calculated frequency of aircraft impacts into the PFSF as a whole.
PFS's analysis shows that there is in fact a small interaction or overlap of the two
effective areas but only if the aircraft is assumed to approach the canister transfer

IIA

John E. Freund, Introduction to Probability (Dover Publications 1993), p. 127.
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building from the southeast, perpendicular to the building's longest diagonal for this
direction. (For an aircraft to come from the southeast is unlikely, however, since the
major source of air traffic over Skull Valley are the F-16s, which transit the Valley from
north to south.) From all other directions perpendicular to one or the other of the
diagonals of either the storage area or the canister transfer building, there is no overlap
(see Tab R). Further, this overlap from the southeast is also reduced by the shielding or
barrier effect of the canister transfer building's heavy construction, which would prevent
aircraft that otherwise might crash into the storage area's effective area from ever
reaching it.
Despite this small overlap. which would reduce the calculated frequency of impacts into
the PFSF as a whole, PFS has nevertheless conservatively calculated the total probability
that a crashing aircraft would impact the critical areas of the PFSF, P(A + B). as simply
P(A) + P(B). As set forth above. this addition of the effective areas of the cask storage
area and the canister transfer building is both accurate and conservative.
a.

Formula Used for Calculating Effective Area

PFS calculated the effective area for the PFSF (assuming a full cask storage area of 4.000
casks) using the approach from DOE-STD-3014-96. Appendix B at B-26 to B-29 (Tab
G). The terms and input for that calculation are:
A,f= effective plant area
Af = effective fly-in area (including the footprint area and the shadow area)
As= effective skid area
Ws = aircraft wingspan
R = length ofthe diagonal ofthe facility = (L2 + W2)1,
H = facility height
Cot 0 = mean of the cotangent of the aircraft impact angle
L = length of facility
W = width of facility
- 14a-

S = aircraft skid distance
The formula itself is:
A,ff = Af +

As

where

Af =(Ws

+

R) x H x Cot 0+ 2xLx+
R

and
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Lx

A, = (Ws + R) S

Facility Characteristics for Calculating Effective Area

b.

Using the layout for PFSF (SAR Fig. 1.2-1), there are two distinct areas at the facilitv,
separated by a distance of approximately 448 feet. The first area is the actual storage
area for the spent fuel storage casks (i.e., the concrete storage pads). The calculation of
its effective area was performed for the peak area of the site, for the 20th year of
operation, assuming 4,000 casks on site. The dimensions of the area would be as follows:
L= 1890'-150'-150'= 1590'

W= 1935'-265-150 = 1520'
H
R=

235 inches = 19.58' (PFSF SAR Table 4.2-2)

590- +1520-

2

2-.528,00+,31040O=

84.838,500 = .200 ft.

The second area is the Canister Transfer Building (PFSF SAR Fig. 4.7-1) (which will
remain constant over the life of the facilitv).
L = 260'
W = 65' (There are extensions to the width. but they are contained within the
diagonal silhouette of the larger building.)
H = 90'
Because of the irregular shape of the building. the longest diagonal is
1260 + 65

= 67.600 + 4.255 =

71.825

68

This is also the diagonal of the tallest part of the building
R= 268'
For an F-16. the flight parameters relevant to calculating effective plant area are as
follows: W, = 32.7 ft. (the wing span for an F-16), S = 246 ft., Cot 0 = 8.4. For skid
distance and Cot 0, PFS used the values given in DOE-STD-3014-96 for small military
aircraft (which include the F-16). The DOE Standard specifies that for in-flight crashes
the skid distance and Cot 0 for take-off should be used. Those values are conservative
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for the F- 16, in that the value of Cot 0 effectively reflects the actual landing angle of the
F-16, while a crashing aircraft, on average, would impact the ground at a steeper angle
(as reflected by DOE's methodology using the steeper take-off angle for in-flight
crashes). Using a steeper angle would reduce the facility skid area and shadow area and
hence the total effective area.
Using the foregoing method, the effective area for the PFSF cask storage area at fll
capacity is 0.12215 sq. mi. The effective area of the CTB is 0.01 156 sq. mi. Thus, the
total effective area for the PFSF at full capacity is 0.13371 sq. mi. 12
4.

Width of Airway (W)

The lateral span of the Sevier B MOA at the latitude of the PFSF is 12 miles. However,
taking into account the requirement that they fly below 9,500 ft. MSL and above 1,000 ft.
AGL, F-1 6s could only fly in a small area within the easternmost 2 miles of the MOA
next to the Stansbury Mountains, because of the rising terrain. See Figure 1.
Accordingly, PFS used 10 miles as the airway width in the NUREG-0800 formula.
5.

The Potential for Avoidance of the PFSF by F-16 Pilots - Factor RI

In this section, PFS assesses the Factor RI. which accounts for the impact hazard to the
PFSF in those situations in which the pilot maintains control of the aircraft after the event
precipitating the crash. As stated above. to facilitate the analysis of the F-16 crash impact
hazard to the PFSF, PFS separates potential F-16 accidents into two categories: 1)
crashes precipitated by engine failure and other malfunctions in which the pilot will
retain control of the aircraft after the event precipitating the crash and would have the
time and opportunity to attempt to guide the aircraft away from the PFSF prior to
ejecting, and 2) all other crashes, in which it is assumed that the pilot does not retain
control of the aircraft. ejects quickly, and does not have time to guide the aircraft away

12 As indicated below, this calculation is conservative in that the PFSF will be full for only a small fraction
of the license term.
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from the PFSF. In both cases, it is assumed that the pilot ejects from the aircraft before it
strikes the ground. In the first
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case, however, the pilot stays with the gliding aircraft for some period before ejecting,
while attempting to restart its engine. and hence he has the opportunity and is trained,
time permitting, to point the aircraft away from a built up area on the ground like the
PFSF. In the second case, it is assumed that the pilot ejects immediately and does not
have time to aim the aircraft and hence the aircraft falls to the ground without further
guidance from the pilot.
The crash impact hazard posed by the first case is accounted for in the NUREG-0800
formula by the additional factor RI, where RI is equal to the product of the probability
that the incident leading to a crash will be an engine failure or some other malfunction in
which the pilot retains control of the aircraft (discussed below in Subsection a) and the
probability that the pilot then will not be able to guide the aircraft away from the PFSF
(discussed in Subsection b below). The hazard posed by the second case is accounted for
by factor R2 . discussed in Section III.A.6 below.
a.

The Probabilitv of The Pilot Retaining Control of the Aircraft

PFS has assessed that at least 90 percent of all F-16 crashes that would be expected to
occur in Skull Valley would be precipitated by engine failure or some other event in
which the pilot will retain control of the aircraft. This assessment is based on extensive
research and evaluation of U.S. Air Force F- 6 Accident Investigation Reports, robust
statistical calculations of the accident data from those F- 6 accident reports. and the
combined professional judgment of three highly experienced Air Force pilots and former
wing commanders, Brig. Gen. James L Cole. USAF (Ret.) (former Chief of Safety of the
U.S. Air Force and former Commander of the

89th

Military Airlift Wing). Maj. Gen.

Wayne 0. Jefferson. USAF (Ret.) (a former B52 wing Commander). and Col. Ronald E.
Fly, USAF (Ret.), (a former F- 16 flight instructor and pilot and former Commander of
the

38 8 1h

Fighter Wing at Hill Air Force Base).

PFS obtained all available accident reports from the U.S. Air Force covering F-16 crashes
in the last 10 vears which are analyzed in Tab H. Gen. Cole, Gen. Jefferson and Col. Fly
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conducted this analysis of the accident reports. from several different perspectives, for the
purpose of calculating the fraction of those accidents likely to occur in Skull Valley near
the PFSF in which the pilot would have the time and capability to guide his aircraft away
from a facility on the ground. Each independently reviewed the complete set of accident
reports in order to assess whether each accident involved an initiating event that could
occur in flight over Skull Valley and whether the pilot remained in control of the plane
long enough after the initiating event to be able to maneuver it to avoid a facility on the
ground, such as the PFSF. After their independent evaluations, Gen. Cole, Gen.
Jefferson, and Col. Fly, undertook a detailed joint review of the accidents. which allowed
them to incorporate into the analysis their respective expertise (e.g. Col. Fly's extensive
F-16 flight experience, including flights through Skull Valley) and professional
judgments.
Based on Gen. Cole, Gen. Jefferson and Col. Fly's analysis of the data, PFS calculated
that in 97% of the accidents caused by initiating events that could have occurred in Skull
Valley, the pilot would have had the time and the capability to avoid PFSF. The great
majority (93%) of the accidents in which a pilot could have avoided the site were the
result of engine failure, but a non-insignificant percentage (7%) were caused by accident
initiating events other than engine failure. To further statistical analyses were
performed on more focused data subsets which. given the smaller data sets they used,
yielded an equally high fraction of accident events in which the pilot retained control of
the crashing aircraft (89 to 100%)
Based on their extensive review and the statistical analysis of the accident data, Gen.
Cole, Gen. Jefferson and Col. Fly concluded that, the correct fraction is 97% to 100%,
but as a very conservative lower bound, the fraction of F-16 crashes that could be
expected to occur in Skull Valley that would be precipitated by an event that would leave
the pilot in control of the aircraft would be at the very least 90%. Tab H.
This analytical conclusion corroborates the professional judgment of Col. Ronald Fly,
USAF (Ret.) who has flown F- 16s in Skull Valley, that engine-related failures would be
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virtually the only reason he could expect for any F-16 crashes in Skull Valley.' 3 Further,
according to Col. Fly, an engine failure in the F-16 would almost certainly leave the pilot
in control of the aircraft with time to avoid a site on the ground. 4

3

Conference with Col. Ronald Fly. USAF (Ret.), October 16. 1999.

4 Conversation

with Col. Ronald Fly. USAF (Ret.). November 20, 1999.

- 17b

-

Even in the event of an engine fire associated with a failure, the pilot would reduce
power, climb to gain altitude and have time to respond to the situation and assess the
condition of the aircraft before ejecting.' 5 Even in that case the pilot would have time to
make a slight turn to aim the aircraft away from a built up area like the PFSF before
ejecting.16 In fact, the analysis of the F-16 Accident Investigation Reports in Tab H
shows that in every instance of engine failure, the pilot would have sufficient time and
opportunity to avoid the PFSF. Tab H.
Thus, based on its evaluations and calculations, PFS has sufficient basis to conclude, as a
very conservative lower bound, that in at least 90 percent of the crashes of F- 16s
transiting Skull Valley, the pilot would remain in control of the aircraft with the time and
opportunity to direct the F- 16 away from the PFSF. Therefore, for calculating R,, 90
percent of the potential accidents in Skull Valley would be precipitated by an event that
would not require the pilot to eject quickly and hence would allow the pilot the time and
opportunity to guide his aircraft away from the PFSF before ejecting from it. Thus, the
first multiplier for calculating RI is 90 percent.
b.

The Probability of A) oiding the PFSF

The second multiplier for calculating RI is the probability that a pilot. with the time and
opportunity to direct a crashing F-16 away from the PFSF, would fail to do so. To assess
this probability, PFS evaluated the time that a pilot would have to direct the plane away
from the PFSF. based on standard procedures followed by F- 6 pilots in emergency
scenarios occurring at 5.000 ft. AGL or lower. the action that would be required by the
pilot to avoid the site, and other potential factors affecting a pilot's capability to avoid the
site. In making this assessment, PFS relied on information in the Air Force Flight
Manual for the F-16 concerning the training and instruction of pilots on responsive
actions to undertake in emergency accident conditions, the time that would be available

15 Id.
16

Id.
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for performing such actions under Skull Valley flight conditions, the presence of a flight
computer on board the F-16 which would hold the aircraft on the flight path set by the
pilot after his ejection from the plane, the sparse population, and open topography of the
environs near the PFSF, the prominent features of the PFSF including its illumination at
night, and the combined professional judgments of Brig. Gen. Jack Cole, USAF (Ret.),
Maj. Gen. Wayne Jefferson, USAF (Ret.) and Col. Ronald Fly, USAF (Ret.). Based on
their evaluation of the above applicable considerations, as elaborated on below, it is the
combined professional judgment of Gen. Cole, Gen. Jefferson and Col. Fly that pilots
capable of avoiding facilities and structures on the ground, such as the PFSF, would
invariably do so.
Further, analysis of the F- 16 accident investigation from reports in Tab H shows that
when pilots retain control of a crashing aircraft, they do take evasive action to avoid
structures and facilities on the ground, such as the PFSF. Based on the data from the
accident reports, the probability that a pilot with the time and opportunity to direct a
crashing F-16 away from the PFSF would fail to do so could reasonably be set at zero.
See Tab H, n.22. If the pilot were successful in guiding his aircraft away from the PFSF,
it would not hit the facility and thus would not contribute to the aircraft crash impact
hazard. Nevertheless, although the percentage could reasonably be set at zero based on
the factors described below and the supporting data from the accidents investigation
reports, PFS has chosen to set the percentage, as a conservative upper bound, at 5%.
There are several important. practical reasons for concluding that a pilot would guide a
crashing aircraft away from a facility on the ground. The first is training. Beginning the
first days of pilot training and throughout his career. a pilot is taught three general rules
to deal with aircraft emergencies and malfunctions: maintain aircraft control; analyze the
situation and take appropriate actions; and land as soon as conditions permit. A corollary
of these three general rules is to avoid populated and built up areas when possible to
minimize risk to the public and property. The instructional manual for the first aircraft on
which all Air

-
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Force pilots are initially trained expressly instructs the pilot, time and conditions
permitting, to "[t]urn aircraft toward uninhabited area" before ejecting from the aircraft
(Tab S). Specifically, F- 16 pilots are trained to avoid these areas in the event of an
engine failure unless it is necessary to reach a suitable landing field within gliding range
of the airplane. The flight manual for the F- 6 also expressly provides that, time
permitting, a pilot upon ejection is to "direct the aircraft away from populated areas.' 6 A
The effect of this training is confirmed by PFS's evaluation of Air Force accident reports
for the F-16. Throughout the reports, there were numerous references to the pilot
consciously considering vulnerable structures or populated areas on the ground and
turning his aircraft so as to avoid them. In no case was it mentioned that a pilot had
control and time but failed to guide his aircraft so as to minimize damage to a facility or
populated area on the ground. See Tab H n.22.
Second, the PFSF would be the most prominent man-made feature in Skull Valley and
pilots would be familiar with its location. Pilots routinelv fly in Skull Valley under
Visual Meteorological Conditions (i.e.. remaining clear of clouds with at least

miles of

visibility). Visual awareness of the PFSF would be enhanced by the contrast of a man-

made object. isolated in the desert environment of Skull Valley that is illuminated at
night. The PFSF's known location combined with the pilot's situational awareness
concerning his location. flight parameters. direction and distance to suitable landing
fields,' 63 and the predominant route of flight being on the eastern side of the valley all
combine to increase the probability that ) a pilot would not be pointed directly at the
PFSF in the event of an engine failure and 2) that the pilot would make the small turn

16A

Air Force Manual T.O. IF-16C-1 at 3-43 states as follows:
Ejection (Time Permitting)
If time pernits, descend to avoid the hazards of high altitude ejection. Stow all loose
equipment and direct the aircraft away from populated areas.

(Emphasis added) (see Tab T).
16BNo suitable landing fields would be nearby for an incident occurring in the middle of Skull Valley. At
the altitude the F- 16s would be transiting the area, they would have insufficient gliding range to reach
Michael Army Airfield located 7 miles from the PFSF.
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necessary to avoid it in the event he was initially pointed at the site. Thus, it is very
reasonable to conclude that at least 95% of those pilots who could avoid the PFSF in the
event of an engine failure (or other failure in which they maintained control of the
aircraft) would do so.17
Third, a pilot in control of a crashing aircraft would in all likelihood have more than
sufficient time to make the slight turn necessary to avoid the PFSF site. Based on
discussions with the U.S. Air Force and F-16 pilots, F-16s generally transit Skull Valley
at 3,000 to 4,000 ft AGL on a southerly heading at approximately 350-400 knots.' 8 As
set forth in the memorandum at (Tab E) from Col. Fly, USAF (Ret.), F-16 pilots are
trained to follow a specific procedure upon experiencing engine failure when flying
below 5,000 feet AGL. The procedure calls for the pilot to climb and trade excess
airspeed for altitude in order to gain time to respond to the incident. This is a standard
procedure on which pilots are regularly tested and which they would follow as a matter of
course, whether flying during the day or at night. 18 A
Thus, in the event of an incident that did not require the pilot to eject immediately. the
pilot will first climb and trade excess airspeed for altitude in order to gain more time to
respond to the incident (e.g., attempt to restart the engine) and, in the event of an engine
malfinction, at the same time jettison external ordnance and stores (if carried). 8 B
Climbing will give him more altitude to lose before he must eject from the aircraft and
will reduce the pilot's airspeed to that which will enable him to stay aloft the maximum
amount of time. Jettisoning the external stores lightens the aircraft and reduces its drag.

7

Footnote deleted.

18 Telephone conversation between Bria. Gen. James Cole USAF (Ret.) and Col. Ronald Oholendt, Vice
Commander, 388t' FW (July 29, 1999); conversation with Col. Ronald Fly, USAF (Ret.), November 22,
1999.
ISA

Conference with Col. Ronald Fly. USAF (Ret.). October 16, 1999.

ISB According to Col. Ronald Fly, USAF (Ret.), a pilot flying at low altitudes would always climb to gain
altitude in order to allow more leeway to cope with the problem, but other than engine malfunction, may
not immediately jettison extemal stores. The particular procedures described in the text (and Col. Fly's
October 21, 1999 memorandum at Tab E)are those taken upon indications of engine malfunction.
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thus giving it better zoom and gliding perfornance. The pilot will initiate a climb to a
30-degree nose-high attitude until approaching the desired glide speed at which point the
pilot will lower the nose of the aircraft and begin to glide. 19 The minimum recommended
ejection altitude is 2,000 ft. AGL, at which point the pilot would eject unless restart of the
aircraft had been achieved or was inuninent.
Figure 3-1 1 of T.O. I F- 16C-1, entitled Low Altitude Airstart Capability (in Tab T and
also following page 19c, infra. as Figure 3 to this text) shows in green the initial or
starting conditions (speed and altitude) for which an F- 16 pilot will have sufficient time
to achieve an airstart after zooming, if necessary, before descending to the 2.000 feet
ejection altitude.'9A As reflected in its upper right hand corner, Figure 3-11 is based on
the assumption that usable thrust is achieved within 45 seconds after throttle advance,
Thus, the chart shows that for any
(which is a few seconds into the restart sequence). t9B
of the initial conditions (speed and altitude) in the green area of the chart, the pilot would
have a minimum of 45 plus seconds before reaching the recommended ejection altitude
of 2000 ft. AGL. The frther up in the green area the initial conditions, the greater the
time the pilot would have before reaching the recommended ejection altitude of 2000 ft.
AGL.
The steps required to be performed by the pilot to attempt restart of the engine are
relatively simple. since the airstart sequence is largely automatic. Page 3-97 of the T.O.
(Tab T) states: "After initiating a zoom climb and jettisoning stores (if required), retard
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with Col. Ronald Fly, USAF (Ret.). October 16, 1999; Tab E.

This is the Low Altitude Airstart Capability chart for F- I 6s with General Electric (as opposed to Pratt &
Whitney) engines, which, according to Col. Ronald Fly. USAF (Ret.), are the tvpe of F- 16s flown out of
Hill AFB. The related charts and information in Tab T also apply to F-16s with General Electric engines.
Figure 3-A immediately following Figure 3 in the text is the sane chart for F-16s with Pratt & Whitney
engines. While F-16 units are generally made up of aircraft with engines from the same manufacturer in
order to facilitate aircraft maintenance, it is possible that some F- 16s w ith the Pratt & Whitney from other
bases could transit Skull Valley or fy on the UTTR. Nevertheless, F-16s with either engine perform
similarlv with respect to low-altitude air starts, as reflected in the charts. Because F-16s with GE engines
are by far the predominant type flown on the UTTR. the remainder of the discussion in this Section will
refer to the GE chart and related instructions from Air Force Manual T.O. I F- I 6C- 1.
19A
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Air Force Manual T.O. I F- 16C- I at 3-97 (Tab T).
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the throttle to OFF then advance the throttle to normal operating range. Place the [Engine
Control] switch to [Secondary] and turn on the [Jet Fuel Starter] (START 2) to assist the
airstart." These steps would take only a fraction of the available time (at least 45 plus
seconds) for any of the initial conditions (speed and altitude) shown in the green area of
the chart and the pilot would have more than sufficient time to survey the terrain and
avoid populated areas and structures, as he is trained to do, before he reaches the 2,000 ft.
ejection altitude.
Upon reviewing the chart, it can be seen that the initial condition combinations of speeds
(350 to 400 knots) and altitudes (3,000 to 4,000 ft. AGL), at which F-16s typically transit
Skull Valley are well within the green area on the chart. This is illustrated in Figure 3 on
the next page (which is Figure 3-1 1 Low Altitude Airstart Capability of T.O. IF- 16C- I
modified to show the area of the chart in which F- 16s traveling at speeds of 350 to 400
knots and altitudes of 3,000 to 4,000 ft. AGL would lie). Thus, the pilots flying at those
speeds and altitudes, upon zooming to gain additional altitude, would have more than the
minimum 45 plus seconds before reaching the recommended 2.000 ft. ejection altitude,
and more than sufficient time to assess the geographic situation and tum to avoid the
PFSF or other inhabited areas.
Although the minimum altitude in Skull Valley in the area of the PFSF (north of English
Village on Dugway) at which planes can fly is 1.000 feet AGL. according to Col. Ronald
Fly, USAF (Ret.), pilots would not normally descend to 1,000 feet AGL while transiting
this portion of Skull Valley (see also note I I supra). Further, according to Col. Ronald
Fly, F-16s flying at 1.000 feet AGL would be flving at faster speeds, for operational
considerations, at a minimum speed of 420 knots. The higher airspeeds pilots normally
fly at the 1,000 feet AGL altitude increase the aircraft's zoom capability and resultant
time aloft. Referring to Figure 3-11 again, it can be seen that an F-16 at 420 knots and
1,000 ft AGL will clearly be in the green area of the Chart. Even in the unlikely scenario
of an aircraft at only 350 knots and 1.000 feet AGL, the chart shows that the pilot will be
in the green area and thus have sufficient time to assess the geographic situation and turn
to avoid the PFSF or other inhabited areas while attempting to restart his engine.

-
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Corroborating calculations of the time available to a F-16 pilot based on the zoom chart
and the time to glide chart in the T.O. IF-16C-l are set forth in Tab U. These
calculations show that, at the speeds and altitudes at which F-16s normally transit Skull
Valley, a pilot would have somewhere in the range of 1 to 2 minutes between the initial
sign of trouble and the point at which the pilot would reach the minimum recommended
ejection altitude of 2,000 ft. AGL.

20

Footnote deleted.
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Footnote deleted.
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Footnote deleted.
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Footnote deleted.
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Footnote deleted.
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Footnote deleted.
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Thus, in the event of an engine failure in Skull Valley (or other failure in which the pilot
retained control of the aircraft), the pilot would have more than sufficient time to turn the
aircraft away from the PFSF before gliding back down to his ejection altitude of 2.000 ft.
AGL. This evaluation by PFS is further substantiated by the Chief of Safety for Air
Combat Command, who states as follows in a memorandum dated January 15. 2000:
[O]ccasions for immediate ejections are rare in the F-16.
According to your definition, an immediate ejection would
be defined as the pilot having no time to point the aircraft
away from populated areas. As far as I can tell, in most
cases, a pilot will nornally have enough time in the F-1 6 to
turn the aircraft away from populated areas prior to
ejection....
It is possible that a catastrophic situation could arise that
may require an immediate ejection, such as a midair
collision where flight controls are damaged and the pilot is
unable to control the aircraft. Whi]e it is difficult to predict
such an occurrence, these situations are considered rare,
and military operating areas are normally over sparsely
populated regions to help mitigate associated risks.
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See Tab V (emphasis added).25A

25A

The Chief of Safety of Air Combat Command is himself an F-16 pilot. See Tab F.
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In addition to the pilot having sufficient time to guide his F-16 away from the PFSF
before ejecting, after he ejects the F- 6 flight control computer will hold the aircraft on
the flight path set by the pilot even after he ejects. The computer will attempt to keep the
aircraft flying at a constant altitude by increasing the angle of attack of the aircraft as it
decelerates. Once the aircraft reaches a programmed angle of attack. the computer will
hold that attitude and heading as the aircraft descends while maintaining that angle of
attack. The aircraft will most likely impact the ground at a velocity between 170 and 210
knots at a point some distance along the straight-ahead flight path from the point of pilot
ejection. Thus, in the event of an engine failure (or other failure in which the pilot
retained control of the aircraft), the pilot would not only have sufficient time to be able to
direct the aircraft away from a built up area like the PFSF but the aircraft would continue
flying in that direction even after the pilot ejected.
Apart from the time that the pilot would have to direct the plane away from the PFSF,
there are other factors which reinforce the conclusion that the pilot would be able to
successfully avoid the site. First. Skull Valley is a sparsely populated region. PFSF ER
at 2.2.5 to 6. In the area near the PFSF. the only other buildings present are the small
number of residences (housing 30 people) in the Skull Valley Band of Goshute Village,
located about 3.75
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miles east of the PFSF, on the east side of Skull Valley Road, and two ranches, located
along Skull Valley Road 2.75 and 4.0 miles northeast of the PFSF. Id. at 2.2.6; see id.,
Figure 2.2.2. There are no residences or structures of any kind to the west of the PFSF.
Id. Thus, there is a considerable amount of open space around the PFSF to which a pilot
could direct a crashing F-16 before ejecting. Moreover, the PFSF will be well-known
and visible to pilots transiting Skull Valley, as from overhead it will be the most
prominent landmark in the valley. As discussed above, F-16s routinely transit Skull
Valley to the UTTR under visual meteorological conditions. If the F-16s were flying at
night, the PFSF would be visible in that it will be illuminated by lighting around its
perimeter and within the storage area.
Furthernore, an F-16 that would otherwise glide and impact the PFSF would be a
considerable distance from the PFSF at the time the pilot would begin a tum to avoid the
site and therefore the minimum tum he would have to make would be very slight. The F16 has a maximum glide ratio of 7 nautical miles for every 5,000 ft. in altitude AGL (or
1.4 nm. per 1,000 ft. of altitude) in straight ahead flight.26 Therefore, if the pilot zooms
and then glides back down to 3.000 ft. AGL after the engine failure. he would be over 1.4
nm. x 3,000 ft., or 4.2 nm.. or 25.519 ft. awav from the PFSF if his aircraft were on a
heading such that it could strike the PFSF if he took no action other than to eject.27 At
the minimum controlled ejection altitude of 2.000 ft. AGL. the pilot would still be 17,000
ft. (3.22 miles) from the PFSF. The PFSF site is 2,190 ft. wide, from the westem edge of
the cask storage area (at full capacity) to the eastern edge of the CTB. SAR Fig. 1.2-1.
Thus, if the F-16 were aimed directly at the center of the site approaching ejection
altitude, the pilot would only have to turn 4 degrees in order for the F-16 to miss the site

26

Conversation with Col. Ronald Fly. USAF (Ret.), November 22, 1999.

Aircraft farther from the PFSF at their apexes would glide to the ground short of the PFSF site and
aircraft closer to the PFSF at their apexes would glide over the PFSF site before hitting the ground.
27
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at the point at which it would strike the ground.2 8 This is a very slight turn that would be
easily

The angle is equal to the arctangent of half the width of the site (the lateral distance necessary to cause
the aircraft to miss the site) of 1.095 ft., divided by the distance from the aircraft at its ejection altitude to
the PFSF of 17,000 ft. Arctan(1,095/17,000) = 3.7 degrees.
28
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executed by the pilot, and the pilot would have ample opportunity to turn more than this
before he ejected from the aircraft. 2 9
Based on 1) the time that would be available to a pilot between the start of his zoom
climb and the time at which he reached his ejection point at 2,000 ft. AGL, 2) the open
space around the PFSF into which he could point the aircraft before ejecting, 3) the
prominent features of the PFSF, including its illumination at night, 4) the small turn of
the aircraft required to miss the site, 5) the directive to pilots to direct a crashing plane
away from populated areas and structures, and 6) the F-16 flight computer that would
keep the aircraft on a heading even after the pilot's ejection, there is sufficient basis to
conclude that a pilot who remained in control after the event precipitating the crash
would invariably take action to have the crashing F-16 miss the site. This conclusion,
based on the professional judgment and expertise of Gen. Cole, Gen. Jefferson and Col.
Fly and their evaluation of the applicable factors as set forth above, is frther supported
by the data from the F- 16 accident investigation reports, which shows that pilots do,
when relevant, maneuver this aircraft to avoid sites on the ground. See Tab H at n.22.
Nevertheless, to provide a conservative upper bound and to account for possible
unforeseen circumstances. PFS has estimated that the pilot would be successful in
avoiding impacting the PFSF site, in such an event, only 95 percent of the time.2 9 A
Therefore, for purposes of calculating the factor RI. for no more than 5 percent of the F16s that would crash in Skull Valley as a result of engine failure (or other failure in which
the pilot retained control) would the pilot fail to direct the plane away from the site.
Hence, the factor RI. which accounts for the air crash hazard to the PFSF posed by
aircraft crashing due to engine failure (i.e.. events that do not require the pilot to eject

29

Conversation with Col. Ronald Fly, USAF (Ret.), November 23, 1999.

The evaluation of the F-16 Accident Investigation Reports in Tab H by Gen. Cole, Gen. Jefferson, and
Col. Fly show that PFS's determination that, in up to five percent of the cases in which the pilot retained
control of the aircraft, he would fail to direct the plane away from the site, is highly conservative. The
evaluation of the accident reports bv Gen. Cole. Gen. Jefferson, and Col. Fly in Tab H concludes that this
percentage could reasonably be set at zero.
29A
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from the aircraft quickly) is therefore equal to 0.90 (the fraction of accidents that leave
the pilot in control of the aircraft) multiplied by 0.05 (the fraction of these accidents in
which the pilot would not be able to avoid the PFSF) or 0.045.
6.

Other Types of F-16 Accidents In Which the Pilot Cannot Attempt to Avoid
the PFSF - the Factor R 2

In this section PFS calculates the factor R2 in the NUREG-0800 formula which represents
catastrophic events that would require the pilot to eject from the aircraft quickly. R2 is
simply the probability that the incident leading to a crash will be some event that would
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cause the pilot to eject from the aircraft immediately, such that he would not retain
control of it and would not be able to guide it away from the PFSF. As set forth in
Section III.A.5.a above, PFS has conservatively assessed that for at least 90% of the F-16
crashes in the normal mode of flight, the pilot will retain control of the aircraft with the
time and opportunity to direct the plane away from the site. 30 Therefore, no more than 10
percent of all F-16 crashes that would occur in Skull Valley would result from some
failure or event that would require the pilot to eject quickly. Accordingly, the factor R2 ,
which accounts for the air crash hazard to the PFSF posed by aircraft crashing due to
such failures (i.e., all potential F- 16 accidents in Skull Valley other than failures in which
the pilot retains control) is equal to 0.1.
For the cases in which the pilot ejects quickly, PFS assumes that the aircraft impacts the
ground after continuing in the direction it was flying at the time it experiences the
problem leading to the crash. This is because of the momentum of the aircraft prior to the
crash and the presence of the F- 16 flight computer, which will maintain the heading of
aircraft (if it is flyable and not simply falling) after the ejection of the pilot as discussed
above. However. PFS has conservativel) assumed for all such crashes that the pilot
ejects without maneuvering to avoid the PFSF site.
7.

Calculation of Air Crash Probability

In this section. PFS calculates the probability that an F-16 transiting Skull Valley will
crash and impact the PFSF based on the determination of the factors for the NUREG
formula as described above.
The forrnulas for calculating the crash impact probability, P. for F- 16s transiting Skull
Valley are, as stated in Section IIL.A above, as follows:
P, = N x C x AJW x RI
P2 = N x C x A/W x R2

As set forth in Section II.A.5.a, this determination is based on the analysis of U.S. Air Force data set
forth in Tab H and the professional judgment of Col. Ronald Fly. USAF (Ret.).
30
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P=Pi +P 2
Substituting the factors as determined above, PFS has calculated the probability, P, of an
F-16 crashing and impacting the PFSF at full capacity (4,000 casks) as follows.
P 1 = 3,871 x 2.736 x 10-8 x 0.13371 / 10 x 0.045
=6.37x 10-8
P 2 =3.871 x2.736x 10-8 x0.13371 / lOx 0.1
= 1.42 x I0-7
P=PI +P

2 =2.05x 10-7

Therefore, the calculated probability that an F- 16 transiting Skull Valley would crash and
impact the PFSF is 2.05 x 10-7 per year. This probability is very conservative for the
reasons set forth below.
8.

Conservatism in the PFS Approach

The above probability of an F-16 impacting the PFSF site is very conservative and worst
case for several reasons. First, the probabilities are calculated based on a uniform
distribution of flight paths throughout Skull Valley, when in fact the predominant route of
choice, per the U.S. Air Force is. for the reasons described above, for F-16s to fly along
the eastern side of the Valley, east of Skull Valley Road, well away from the proposed
site. Second. the crash rate used to calculate this probability was the 10 year average rate
rather than the more recent lower 5-year average. Third, the crash rate conservatively
includes all Class A and Class B mishaps which include many mishaps in which a crash
did not occur or in which the aircraft was only partially damaged but not destroyed,
which would be of no relevance here. See Tab H at 4, n.8.
Further, the calculated probability is also highly conservative in that it is for a facility that
is fully loaded with 4.000 storage casks, which would be the case for only a short period
of time. PFS also perforned the effective area calculation for the cask storage area at the
5, 10, 15-year points of the lifetime, as well as at the 20-year full capacity of the PFSF to
show how the effective area will increase as spent fuel casks are brought into the facility
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over the first 20 years of its life and will decrease as the casks are shipped off site during
the last 20 years of its life (assuming that relicensing is sought and obtained). As a result,
as shown below, the annual average aircraft crash impact hazard at the PFSF, over the
course of its license terrn, will be about half of the peak hazard.
The calculations of the effective area for the cask storage area and the canister transfer
building for the 5, 10, 15, and 20-year points of the life of the PFSF are shown in Tab I.
At the 5-year point, the PFSF will contain 1,000 casks, at the 10-year point it will contain
2,000 casks, at the 15-year point it will contain 3,000 casks, and at the 20-year point it
will contain 4,000 casks (i.e.. it will be full and will have the area calculated in Section
III.A.3.b above). The average effective area for the cask storage area over the license
term of the PFSF can be calculated by taking a time-weighted average of the area over
the first 20 years of the life of the facility, assuming that casks are brought into the
facility during the first 20 years as fast as they will be shipped out in the last 20 years.
Given the areas calculated in Tab I. the average effective area of the cask storage area is
given by:
Aave = [5(A(O)+A(5))/2 + 5(A(5)+A(l0))/2 + 5(A(10)+A(15))/2 + 5(A(15)+A(20))/2]/20
= [A(20) + 2(A(5) + A(l0) + A(15))]/8
where A(n) is the effective area at year n and A(0) is equal to zero.
Given the areas calculated for A(n) in Tab . the time-weighted average effective area for
the cask storage area is equal to 0.0630 sq. mi. The effective area for the canister transfer
building (which does not change over time) is 0.01156 sq. mi. Thus, the time-weighted
average effective area of the cask storage area is about half of its peak area. and the total
time weighted average effective area for the site is only 0.07456 sq. mi. compared to the
0.13371 sq. mi. used to calculate the above probability. Accordingly, because the aircraft
crash impact probability is directly proportional to the effective area of the site, and the
cask storage area makes up 90 percent of the effective area of the PFSF, the average
annual risk of an air crash impact at the PFSF is only slightly more than half the peak

risk, or approximately 55% (0.07456/0.13371) of the maximum annual risk calculated
above.
Thus, the above probabilities are highly conservative and the actual probability of an F16 impacting the PFSF would be much less than the regulatory standard of I x I0.
B.

Kimura, et al. Methodology

PFS in its August 13, 1999 Responses to the NRC had calculated the probability of an F16 transiting Skull Valley impacting the PFSF using an altemate methodology.
essentially the methodology described in Kimura, et al., Crash Hit Frequencv Analvsis of
Aircraft Overflights of the Nevada Test Site (NTS) and the Device Assemblv Facility
(DAF) (Dec. 1998) at 9-11. That same methodology was also used in the DEIS for
Yucca Mountain to calculate air crash probabilities for the repository facilities. The crash
impact probabilities calculated in PFS's August 13, 1999 responses using Kimura, et al.
Methodology were generally lower than crash impact probabilities calculated by the
NUREG-0800 approach. PFS has therefore chosen to use the more conservative
NUREG-0800 approach and has not calculated impact probabilities using the Kimura, et
al. Methodology here.

- 2-

CRASH IMPACT RISK POSED BY OPERATIONS ON THE UTTR

IV.
A.

Overview

In this section, PFS calculates the crash impact probability to the PFSF from training
activities that occur on the UTTR. The UTTR is used by the U.S. Air Force as a training
area for air-to-ground attack training and testing using inert (dummy) and live munitions
and air-to-air combat training. The UTTR is divided into a North Area, located on the
western shore of the Great Salt Lake, north of Interstate 80, and a South Area, located to
the west of the Cedar Mountains, south of Interstate 80 and west of Dugway Proving
Ground. The airspace over the UTTR extends somewhat beyond the range's land
boundaries and is divided into military operating areas (MOAs) and restricted areas. The
restricted areas on the UTTR extend from the surface up to an altitude of 58,000 ft. above
mean sea level (MSL) (approximately 53,000 ft. above ground level (AGL)). When the
range is open. activities within them are entirely military. The MOAs on the UTTR are
located on the edges of the range. adjacent to the restricted areas. They generally extend
up to lower altitudes (e.g.. the Sevier B MOA, in which the PFSF is located, extends up
to 9.500 ft. MSL) and civilian aircraft may transit them only with permission from
military air traffic controllers at Clover Control.
The PFSF site is located over 18 statute miles east of the eastern land boundary of the
UTTR South Area and 8.5 statute miles northeast of the northeastern boundary of
Dugway Proving Ground. The site lies within the Sevier B MOA, two statute miles to
the east of the edge of restricted airspace areas R-6402B and R-6406B. The map attached
at Tab A depicts the PFSF site, the Sevier B MOA, and the restricted areas of the UTTR
South Area.
Many types of military aircraft use the UTTR. Based on infornation received from the
U.S. Air Force, the total number of sorties flown on the UTTR North and South Areas in
fiscal year 1998 was 13,367; of these, 8,284 were flown over the South Area. 3 '

3 388 TFW FOIA 24 JUL 99.

The North Area of the UTTR is of no consequence to the PFSF, in that the closest
restricted area in the North Area is over 30 miles north of the PFSF site, and it is not
conceivable that a crashing aircraft 30 miles away would impact the site. With respect to
the South Area, the U.S. Air Force has indicated that the 8,284 sorties were flown by the
following types of aircraft in 1998:
Table 2 UTTR South Area Sorties FY1998
Aircraft Type

Sorties

F-16s

5726

Other Fighters (F-14s, -ISs, -18s)

634

Attack Aircraft

51

Bombers

1175

Cargo and Other Aircraft

607

Helicopters

91

PFS has evaluated the types of activities that occur on the UTTR and the location of their
occurrence to assess their potential impact to the PFSF. Based on that evaluation, PFS
has concluded that activity on the South Area of the UTTR other than fighter aircraft
conducting air-to-air training would not pose a conceivable hazard to the PFSF, in that it
is conducted too far away. Fighter aircraft, attack aircraft, and bombers on the UTTR
conduct air-to-ground attack training in the vicinity of targets that are all located more
than 20 miles from the PFSF. Cargo aircraft (and some combat aircraft) conduct
primarily air refueling training on the far westem side of the UTTR, over 50 miles from
the PFSF. Some cargo aircraft make deliveries to Michael Army Airfield on Dugway
Proving Ground, but PFS expressly addresses the crash hazard posed by those aircraft in
its calculation of the crash hazard posed by aircraft on airway IR-420 (which is the route
taken into Michael) in Section VI below. Helicopters on the UTTR. as indicated in
section VII below, pose no hazard to the PFSF in that they do not fly over the site.3 2

32

See DOE-STD-3014-96 at 4546 (Tab G).
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Thus, the only activity on the UTTR that would pose a conceivable, but insignificant,
hazard to the PFSF is air-to-air training, which is conducted by fighter aircraft.
In Section B below, PFS elaborates on the reasons why air to ground training and testing
activities do not pose a conceivable hazard to the PFSF. In Section C, PFS calculates the
annual probability for a fully loaded 4,000 cask facility that aircraft engaged in air-to-air
training on the UTTR South Area would impact the PFSF.
Air to-Ground Training
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SECTION IV.B INTENTIONALLY REMOVED
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C.

Air-to-Air Training

In this section, PFS calculates the probability that aircraft engaged in air-to-air training on
the UTTR South Area would impact the PFSF. The calculation is based on the density of
air-to-air training operations over the UTTR South Area sectors closest to the PFSF. the
expected crash rate per hour of training for fighter aircraft, the sizes of the portions of the
range sectors from which a crashing aircraft could possibly hit the site. the size of the
area (footprint) in which a crashing aircraft could hit the ground. and the effective area of
the PFSF site. The PFS approach is highly conservative because it assumes that the
density of air-to-air training operations out to within 3 miles of the edge of the UTTR
(near the PFSF) is the same as the density in the center of the range. which would not be
the case. and it assumes that it is possible that an aircraft becoming disabled up to 10
miles from the PFSF would fly the distance to the PFSF while out of control and impact
the site without striking the ground at some closer point.
Specifically, PFS has calculated the crash impact probability for aircraft flying air-to-air
combat training missions in the two restricted areas closest to the PFSF, areas R-6406
and R-6402. See Table 3. To arrive at a crash impact hazard to the PFSF, PFS
calculated: (1) the number of hours spent in air-to-air training over the UTTR South
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Table3
j

j

Section IV, UTTR South Range Operations
I

Hazard calculation with three-mile buffer zone
Section IV.A.

_i

_

IV.C.2

IV.C.1

IV.C.1
W

Flight Hours lAir to Air (.3333) Hourly Crash Rate
Sorties
3.96E-05
2225.8
6678.1
57261

Fighters (South Range)
F-16

F-15
F-1 8
Mixed Fighter (F-14, -15, -16, -18)
Totals
Air to Air Sorties
'

SECTION IV.C.3.
UTTR South Range Activity

265

303.1

101.0'

3.96E-05

2941
75:
6360 I
I

272.9!
149.91
7404.01
i

91.01
50.0i
2467.81
2120_

3.96E-05
3.96E-05

i

_
_

_

Surf. Area Operations

Range
R6402
R6405
R6406
R6407
Sevier A MOA
Sevier B MOA
South Range Total

i

1294.91
2784.91
1171.9
855.5i
i

Range
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_

I
909 1
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5897'
3871:
3878'
27229

Expected air to air
;.annual crashes
3.26E-03
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Table 3

Fraction

_i
_j

IAir to Air Hours

0.0334
0.2202.
0.2453
0.2166
0. 14221
0.1424
I

82.4
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Expected Crash
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Table 3, Continued
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_

0.OOOE+00

Area, (2) a crash rate per hour for aircraft engaged in air-to-air training, (3) the expected
distribution of crashes within the UTTR based on the relative density of flight operations
over each sector on the range, (4) the maximum distance, as a function of altitude, at
which a crashing aircraft could credibly reach the PFSF and, accordingly, the areas of the
portions of range sectors R-6406 and R-6402 in which such aircraft fly, (5) the footprint
area, as function of altitude, in which a crashing aircraft could possibly hit the ground,
and (6) the effective area of the PFSF site (as calculated in Section III.A.3 above). The
formula used by PFS to calculate the impact hazard, H (in impacts per year), using this
information is as follows:
(1)

H=CxAcxA p'ApxR,

where C is the crash rate in crashes per square mile per year (which is dependent upon
the number of aircraft and the crash rate specific to the restricted area under
consideration), A, is the "cut out area," the size of the area in the restricted areas from
which aircraft could credibly impact the PFSF in the event of a crash, Aff is the effective
area of the PFSF site, Ap is the footprint area, in which an aircraft could possibly hit the
ground in the event of a crash, and R is a factor that accounts for the potential ability of
the pilot to avoid the PFSF in the event of a crash precipitated by an engine failure or
some other event that left the pilot in control of the aircraft (see Section III.A.5).
Subsections I through 6 which follow set forth PFS's determination of the factors used in
formula (1) above to calculate the hazard H. Subsection 7 sets forth the calculated
probability which is shown in Table 3. Subsection 8 performs a sensitivity analysis on
PFS's calculation and Subsection 9 enumerates the numerous conservatisms in PFS's
analysis.
1.

Air-to-Air Training Hours Over the UTTR

As a first step, PFS calculated the number of hours spent in the South Area of the UTTR
related to air-to-air training. PFS used this information together with the air-to-air
training crash rate, developed in Subsection 2 below, to calculate in Subsection 3 the
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expected distribution of air-to-air training crashes in the restricted ranges of interest. R6402 and R-6406.
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Air-to-air combat training on the UTTR South Area is conducted by fighter aircraft. The
number of fighter sorties flown on the UTTR South Area in 1998 was obtained from the
Air Force and is shown in Table 2 above. F-16s dominated the total, with 5,726 out of
6,360 fighter sorties. According to the Vice Commander of the

388 th

Fighter Wing, the

F-1 6 unit based at Hill AFB, which flies most of the sorties on the UTTR, approximately
one third of all fighter sorties involve air-to-air training (as opposed to air-to-ground
training). 38 (Individual sorties generally involve only one type of training.) Thus, the airto-air fraction of sorties is set at one-third and the total number of air-to-air sorties is
2,120 (6,360/3).
The Air Force has also indicated the number of hours flown by each type of aircraft on
the UTTR.39 For fighter aircraft, these were as follows:
Fighter Aircraft

Total Hours on UTTR South Area

F-16

6678.1

F-15

303.1

F-18

272.9

Mixed (F-14, -15, -16, -18)

149.9
7,404.0

Total

From this data, PFS calculated the total number of hours flown by fighter aircraft on the
range to be 7404. and the number of hours spent in air-to-air training on the range to be
one-third of that, as set above, or 2.468. This allocation of sortie hours to air-to-air
training was based on the assumption that training sorties on the UTTR South Area of all
types, on average, are of roughly equal length, which is a reasonable assumption.

3S Telephone conversation between Brig. Gen. James L. Cole, USAF (Ret.) and 388 Fighter Wing Vice

Commander, July 29, 1999.
39

388 TFW FOIA 24 JUL 99.
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2.

Air-to-Air Training Crash Rate

To calculate a crash rate per hour for the aircraft engaged in air-to-air training. PFS
divided the number of crashes that occurred for the aircraft over the past 10 years during
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special operations (i.e., high stress maneuvering on a training range) by the number of
hours the aircraft engaged in special operations over the same period. PFS calculated this
hourly crash rate for the F-16, because F- 16s constitute the great majority of the fighter
aircraft that fly air-to-air combat training on the UTTR South Area.
In calculating the F- 16 hourly crash rate, PFS assumed, on the basis of data in the DOE
ACRAM Study, that F-16 aircraft spend approximately 50 percent of their flight hours in
special operations and, that approximately 49 percent of all F- 16 crashes occur during
special operations. 4 0 On that basis, PFS calculated an F-16 special operations crash rate
of 3.96 x 10-5 crashes per hour shown in Table 3.41 PFS conservatively assumed that
fighters other than F- 16s crash at the F- 16 rate and used the calculated F- 16 ten-year
average flight hour-weighted crash rate for all fighters on the UTTR. (Single-engine
fighters like the F- 16 tend to exhibit higher crash rates in training on ranges than twinengine fighters like the F-14, F-1S, and F-18.) The crash rate is also conservative in that
it includes Class A and B mishaps, where such do not necessarily represent aircraft
crashes. (See Section III.A.2.a above.) From the average special operations crash rate
and the total number of air-to-air hours on the range. PFS calculated the expected number
of air-to-air training crashes per vear for each restricted area as described in Subsection 3
below.
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See DOE ACRAM Study, Tables 4.7 and 4.8 (8/13 Tab C). Total flight hours for the F-16 (as of 1993)

were 3.73 x 106, resulting in an estimated 1.76 x 09 flight miles. Of those, 8.3 x 108 miles involved
normal flight (i.e.. not maneuvering) and 9.3 x 08 miles involved special operations (i.e.. maneuvering on
a range). Using average aircraft speeds of 500 miles per hour for special operations and 445 miles per hour
for norrmal operations yield a 50 percent split of hours between normal and special operations missions.
T1hese speeds are consistent with Air Force operational experience (the 445 statute miles per hour for
normal operations is roughly equivalent to the 350 kts indicated air speed at which F-16s fly down Skull
Valley). The F-16 (as of 1993) had experienced 136 in-flight crashes, of which 32 occurred during normal
flight and 104 occurred during special operations (the F- 16 also experienced 76 takeoff and landing crashes
during that period, for a total of 212). Thus. 49.0% of F- 16 crashes occurred during special operations.
From 1989 to 1998, the F- 16 flew 4.016.311 total hours and experienced 162 Class A and B mishaps.
See Table I. PFS calculated the ten-year hourly crash rate for the F- 16 by assuming that the same
percentage (49.0%) of Class A and B mishaps for the period 1989-1998 occurred during special operations
as had occurred as of 1993. PFS divided this number of mishaps (162 x 0.490 = 79) by the number of
special operations hours for the period 1989 to 1998 (2,008,156, assumed to be 50% of the total as noted
above).
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Expected Distribution of Crashes Within the UTTR

3.

PFS calculated the expected location of air-to-air training crashes (i.e., where aircraft will
experience crash initiating events) on the basis of the level of air activity in each range
area (restricted area and MOA) in the UTTR South Area. The Air Force has indicated
the number of air operations in each restricted area and MOA related air-to-air training on
the UTTR for fiscal year 1998.42 An operation is defined as an aircraft flying into or
through a range area (so a single sortie could represent more than one operation,
depending on how many areas the aircraft flew through). PFS assumed that the total
number of hours spent by fighter aircraft on air-to-air training sorties in each area was
proportional to the number of operations conducted in each area. 43 Thus, PFS calculated
a proportion or fraction of the total fighter air-to-air training sortie time of 2.468 hours
spent in each area as shown here. See also Table 3.
Range Area

Operations in 1998

Fraction

R-6402

909

0.0334

R-6405

5,995

0.2202

R-6406

6.679

0.2453

R-6407

5.897

0.2166

Sevier A MOA

3.871

0.1422

Sevier B MOA

3.878

0.1424

The critical sectors are the restricted areas R-6402 and R-6406, as they are directly
adjacent to the Sevier B MOA, in which the PFSF is located.4 4 See Map at Tab A. As

42

388h' Fighter Wing, Annual Military Operating Area Usage Report (Nov. 30, 1998).

As indicated in Section III.A.2 above, military aircraft do not conduct combat training over Skull Valley.
PFS includes operations in the MOAs when calculating the fraction of time spent in training in each area of
the UTTR to account for the time spent by aircraft flying through the MOAs en route to the restricted areas
where the combat training takes place.
43

44 The Air Force provided flight operations data for sectors R-6402 and R-6406 without dividing the

operations between sectors R-6402A and B and R-6406A and B. 38 8 'h Fighter Wing, Annual Military
Operating Area Usage Report (Nov. 30, 1998). PFS conservatively assumed that the density of air-to-air
operations was the sane in sectors R-6402A and R-6402B and the same in sectors R-6406A and R-6406B
because sectors R-6402B and R-6406B (which are the areas closest to the PFSF site) are too, small to
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reflected in the table above, the fraction of time spent in restricted area R-6402 was
0.0334; the fraction spent in R-6406 was 0.2453. Thus, the estimated annual number of
air-to-air training hours spent by fighter aircraft in R 6402 was 82.4 (0.0334 x 2467.8),
and the number of hours in R-6406 was 605.3 (0.2453 x 2467.8).
PFS next calculated the annual number of crashes in the two areas of interest, restricted
areas R-6402 and R-6406, and the crash rate per square mile in each restricted area. The
expected annual number of crashes in each area is equal to the number of air-to-air
training flight hours spent in the area (given in the table above) times the fighter (F- 16)
crash rate per hour. Having calculated an air-to-air crash rate (3.96 x 10-5 crashes/hour),
PFS calculated the expected annual number of air-to-air training crashes in R-6042 (3.26
x I-3) and R-6406 (2.40 x 10-2). PFS then measured the ground area of each area, and
calculated the expected crash rate per year per square mile, C, for R-6402 (2.52 x I06)
and R-6406 (2.05 x 10-5). The crash rate per year per square mile is simply equal to the
crash rate per year for the sector. divided by the areas of R-6042 and R-6406 in square
miles. See Table 3.
The above calculation of the crash rate per square mile assumes that the probability of a
crash is uniform throughout each restricted area. This assumption is highly conservative
in that, according to Col. Ronald Fly, USAF (Ret.), flight activity throughout a restricted
area is intentionally not uniform. In general. the airspace within a few miles of the border
is only used to enter and exit the area. Aircraft do not routinely fly closer than
approximately 3 miles from the border to provide themselves a buffer to the adjoining
airspace. In addition, high risk, aggressive maneuvering, such as simulated air-to-air
combat, takes place in the center of the area.
More specifically, air to air combat flight maneuvering within the UTTR can be placed in
two general categories, either within visual range or beyond visual range. For training

independently conduct training exercises without use of the larger adjacent A" portions of the ranges R6402 and R-6406 respectively. References in the text of this Section to R-6402 and R-6406 include both
the A and B segments of the ranges.
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conducted within visual range, the flights will normally remain within approximately 10
miles of the restricted range area center point. (i.e., 25 or more miles from the edge of
the restricted area closest to the PFSF). Prior to starting a simulated air-to-air
engagement, pilots will cruise toward the center of the area. Pilots will use both visual
references and onboard navigation systems to maintain their orientation and position
within the area. Maximum separation of the aircraft depends upon pilot visual acuity,
lighting conditions, clouds and other atmospheric conditions, but is normally within
approximately 3 nautical miles (nm). The nature of simulated air-to-air combat is such
that once a visual engagement begins, it generally remains within a 5 nm or less radius of
the start point.
Training beyond visual range involves intercepts. Each flight will have a selected "home
point" approximately 10 nm from the restricted range area boundary and within
approximately 30 to 40 nm of each other. Flights will use the home points as rendezvous
and holding points depending on the phase of flight. Maneuvering in the vicinity of the
home points is normally routine and low risk. As the aircraft depart their respective
home points and point toward each other. they will use their onboard radars and
information provided by the ground based radar controllers to detect and maneuver
toward the other aircraft. Depending upon mission training objectives, the aircraft will
continue to maneuver toward each other and possibly close to within visual range of each
other. These intercept missions are planned so that the aircraft merge in the center of the
restricted area. thereby minimizing the potential for area boundary excursions. If the
mission is planned to include visual maneuvering, once the merge occurs, the simulated
fights tend to stay within a reasonably confined area as discussed above.
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The fact that the training activities that take place near the center of the range are of the
highest relative risk is further shown by the nature of the F-16 crashes that take place in
special inflight operations on restricted area ranges. PFS obtained and carefully assessed
the F- 16 Accident Investigation Reports for the Special Inflight Operations accidents
(i.e., accidents during high-risk, aggressive maneuvering that takes place mostly on
restricted area ranges) that occurred from FY89 to FY98 which were not caused by an
engine failure or some other cause which left the pilot in control and able to avoid a
ground site. PFS's review, the details of which are provided in Tab Y, confirmed that
such accidents typically occur during the high-stress, aggressive maneuvering that takes
place toward the center of the restricted area ranges on the UTTR rather than toward the
edges near the PFSF. PFS found specifically that such accidents can be attributed to five
general causes: midair collisions, G-induced loss of consciousness (GLOC), departure
from controlled flight. spatial disorientationlloss of situational awareness, and collisions
with the ground. Furthermore, PFS has found that in most such accidents the crashing
aircraft impacts the ground close to the point at which the event causing the accident
occurred. Thus. it would be highly conservative, to the point of being unrealistic, to
merely assume that aircraft crashes on each of the restricted area ranges on the UTTR are
evenly distributed over the entire area of each range (i.e., crashes are as equally likely to
occur on the edge of the range as in the center of the range).
Moreover, in addition to the high-risk activity taking place near the center of the
restricted areas. the probability of a crash is not uniform across each restricted area
because pilots rarely fly within two or three miles of the edges of the restricted areas
while conducting training on the UTTR. 44 A On the east side of the UTTR, pilots use the
Cedar Mountains as a visual reference while maneuvering to stay inside the restricted
area boundaries.44B Thus, they do not conduct high-risk maneuvers east of the Cedars (in
restricted areas R-6406B and R-6402B, see map at Tab A), which they would have to

44A

Conference with Col. Ronald Fly, USAF (Ret.), November 20, 1999.

448

Conference with Col. Ronald Fly, USAF (Ret.), October 16, 1999.
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cross to reach the PFSF. Furthermore, Clover Control will provide waming calls to pilots
flying within three to five miles of the range boundary to ensure that they stay inside the
restricted area.44C Flights in the UTTR are normally monitored on radar by the ground
based Clover Control. Clover Control warns pilots as they approach area boundaries to
prevent potential area boundary penetrations (connonly referred to as "spill outs"). Such
wamings nornally begin at 5 miles from the border and become more frequent and
intense the closer the pilot gets to the border. This established safety procedure, coupled
with the fact that the high-risk activities on the UTTR take place towards the center of the
restricted area ranges and the observation that when the pilot does retain control of his
aircraft after an incident leading to a crash, he invariably steers the aircraft away from
ground structures and populated areas, means that F-1 6 operations on the UTTR pose
very little, if any, risk to the PFSF.
Although it can be readily shown qualitatively that operations on the UTTR pose little, if
any, real risk to the PFSF. quantification of the actual risk is more difficult. One
approach to precisely quantifying the risk would be to develop a mathematical accident
density distribution across each restricted area range that was extremely low near the
edge of the range and increased to a maximum value near the center of the range. There
is, however, no empirical basis for determining the shapes for such distributions other
than the generally accepted knowledge that the density in the center is much higher than
the density at the edges.
In the absence of such empirical basis. PFS can now address in part the much lower
accident probability near the edges of the restricted area ranges on the UTTR relative to
the area near the center by adding an effective three-mile buffer zone around the
boundary of the restricted area on the UTTR (i.e., the buffer zone is assumed to extend
from the edge of the range to a point three miles inside the range). PFS has assumed that
no incidents leading to a crash will occur within this three mile buffer zone (although

44C

Id
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aircraft experiencing crash precipitating events more than three miles from the restricted
range boundary may impact the ground either within the buffer zone or beyond the
restricted area range boundary). The three mile buffer corresponds to the practical limit
that pilots observe while flying training exercises on the UTTR44D and the point at which
air traffic controllers at Clover Control will emphatically wam pilots that they are
approaching the edge of the range, as described earlier. Thus, it is reasonable to conclude
that the special inflight operations accident density within this three mile buffer zone is,
as a practical matter, zero.
PFS assumes that the accident density (in accidents per square mile per year) is constant
across the remainder of each restricted area range (as calculated above). By virtue of this
assumption, PFS s approach remains conservative, in that it assumes that immediately
adjacent the buffer zone, the accident density is the sane as it is in the center of the
range. This is clearly not the case for the reasons described.
4.

The Distance From Which Crashing Aircraft Could Impact the PFSF and
the Sizes of the Regions in Which They Fly

Having derived the expected crash rate per square mile in the relevant range areas, the
impact hazard to the PFSF can be calculated by considering the maximum distance from
the PFSF at which a crashing aircraft would pose an impact hazard to the facility. As
discussed in this Subsection. air

The three mile buffer zone is east of Cedar mountains within the Skull Valley. As stated above, UTTR
pilots use the Cedar Mountains as a visual reference to stay within restricted area boundaries.
44D
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operations conducted more than 10 miles from the PFSF would pose no credible crash
hazard to the facility because it is virtually certain that a crashing aircraft would not
impact the site from that distance.
There are several reasons for this. First, in order for an F-16 to glide 10 miles after an
engine failure, it would need to be at least at an altitude of approximately 6.200 ft. AGL
(assuming a 7 nm per 5,000 feet glide ratio and a straight ahead glide). Assuming the
worst case that the aircraft was at a slow airspeed, in the 170-200 knot range with no
zoom capability, it would have approximately 1.5 minutes of glide time prior to reaching
the recommended controlled ejection altitude of 2,000 ft. AGL. As indicated in the
discussion of engine-related crashes in Section III above, this provides ample opportunity
for the less than 5 degree turn required to avoid the PFSF site.
Second, according to Col. Ronald Fly, USAF (Ret.), there are only two probable reasons
why an aircraft would be out of control and would not respond to pilot inputs. These are
structural problems (such as following a mid-air collision) or a deep stall. If the aircraft
suffered severe structural damage and the pilot could not maintain level flight, it would
go into a dive and impact the ground within a few miles of the point where it became
uncontrollable. If the aircraft went into a deep stall. it would be in a vertical descent with
little to no horizontal velocity. If the pilot was unable to recover control of the aircraft
prior to reaching 6.500 ft. he would eject and the aircraft would impact the ground within
a short distance (less than a few miles) of where it entered the deep stall. In either case,
the aggressive maneuvering which could result in a mid-air collision or a deep stall
occurs toward the center of the training areas. not within 10 miles of the PFSF site, and
such crashing aircraft would not reach the PFSF site.
Similarly, in situations in which the pilot lost awareness, such as spatial disorientation,
the aircraft would most likely quickly go out of control and impact the ground within a
short distance of the initiating event. In the case of G Induced Loss of Consciousness
(GLOC), the pilot loses consciousness for approximately 20 to 30 seconds. Since this is
a temporary condition, if an accident where to occur, it will be within a few miles of the
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loss of consciousness.

44E

Likewise, collisions with the ground occurring during low level

air-to-air or air-to-ground, or other low-level maneuvering due to pilot error or
misjudgment would occur virtually at the point of the error or misjudgment.
This evaluation is corroborated by PFS's assessment of the F-16 accidents that have
occurred in the last 10 years in special operations on restricted area ranges. As PFS
discusses in Tab Y in detail, aircraft accidents that occur during combat training on
restricted area ranges that do not leave the pilot in control of the aircraft typically result in
the aircraft impacting the ground near the point where the event leading to the accident
occurs, certainly well within 10 miles of that point.
Thus, a crashing aircraft capable of reaching the PFSF from more than 10 miles away
would be under pilot control. The extensive training program for military pilots instills a
response to avoid inhabited, populated areas if at all possible in the event of an
emergency in order to avoid harm to the general public. Therefore, if a pilot were to
suffer an engine failure on the UTTR (or other failure in which he would remain in
control of the aircraft), he would guide the aircraft toward a controlled bailout area or an
open area on the ranze before ejecting where the aircraft would do no collateral damage
when it struck the ground (or toward Michael AAF if the aircraft were within range to
make a forced landing there).
Within 10 miles of the PFSF site, in many accident scenarios a pilot would still be able to
guide a disabled, failing aircraft away from the PFSF, particularly given that the

As explained in Tab Y, it takes about 20 to 30 seconds from the time a pilot becomes unconscious until
he has regained consciousness and completed his mental reorganization to where he is fully cognizant of
where he is and what is happening. This 20 to 30 second time interval is based on testing of pilots under
GLOC conditions using a centrifuge. Even an aircraft going the speed of sound in level flight
(approximately 10 miles per minute) would only travel about 5 miles in the 20-30 seconds while the pilot
4E

was incapacitated. For an aircraft that impacted the ground, part of the distance traveled would be in the

vertical rather than the horizontal direction. Thus, 5 miles is about the maximum that an aircraft would be
expected to travel before crashing as a result of a pilot being incapacitated by GLOC. Moreover, as
discussed in Tab Y, the GLOC accident reports reflect that the accidents occurred during steep descents and

would not threaten the PFSF from near the center of the range where the GLOC induced accidents wouid
occur.
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aggressive maneuvering which would be the most likely cause of a crash in which the
aircraft would go out of control occurs towards the center of the range. not within O
miles of the PFSF. However, consistent with its highly conservative assumption of
uniform crash distribution throughout each restricted area up to three miles from the
edge, PFS assumes that there could conceivably be accident scenarios within 1O miles of
the PFSF in which the aircraft would not be under the control of the pilot and in which
the aircraft might possibly impact the PFSF. (As shown above, F-16 accident data
indicate that this is a very conservative assumption). Accordingly, within 10 miles of the
PFSF, PFS assumes that a crashing aircraft represents a potential hazard (except for those
aircraft crashing as a result of engine failure or other event in which the pilot retains
control of the aircraft), 45 if it is within a distance equal to the product of its glide ratio and
its altitude (see below). PFS conservatively does not exclude any such aircraft within O
miles despite the

As discussed in Section III.A.5. supra. aircraft crashing as a result of engine failure would be under the
control of the pilot with time and opportunity to direct the plane away from inhabited areas and structures,
such as the PFSF. Thus, as in the context of the Skull Valley probability calculation, engine failures (and
other mishaps leaving the pilot in control of the aircraft) are treated and handled by a factor R, which is
discussed in the context of the UTTR probability calculation in Section IV.C.6 infra.
45
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likelihood that most of them would impact the ground close to the points at which they
became disabled.
Therefore, PFS estimated the number of potential aircraft crashes that could impact the
PFSF by drawing an arc, centered on the PFSF with a radius of 10 statute miles. through
the relevant restricted areas, R-6402 and R-6406. PFS also drew a line three miles from
the edge of the restricted area, parallel to the edge of the restricted area, to define the
buffer zone (that PFS describes above) on the edge of the restricted area. As discussed
above, because aircraft do not fly within the buffer zone, PFS assumes that no crash
initiating events will occur in the buffer zone. See Map at Tab A.45 A This 10 mile arc
and three-mile buffer zone define a "cut out area" Ar within each of the restricted areas
from which crashes are assumed to pose a potential hazard to the PFSF.45 B
In addition to the fact that aircraft involved in accidents farther than 10 miles away could
not impact the PFSF, some crashing aircraft within 10 miles of the PFSF but at low
altitudes (below 10.000 ft.) would not be able to reach the site because they would be
farther awa) than their glide distances. To capture this effect, the aircraft within 10 miles
of the site over each range area were divided into four altitude bands and the crash hazard
posed by the aircraft in each band assessed. Accordingly, for each restricted area PFS
also calculated an annual crash rate per year per square mile for each altitude band. Ca,
where Ca is equal to the product of C and the fraction of aircraft in each band (and the
sum

Of Ca

over all altitude bands in a sector is equal to the C for that sector). The

Three arcs are shown on Tab A (with the PFSF site as the center), the largest of which has a radius of 10
statute miles (sm). The radii of the other two arcs (explained in the text above) are 7.89 statute miles and
4.73 statute miles respectively.
45A

As indicated in equation (I) above. PFS derives the total number of crashes that would occur within
range of the PFSF by multiplying the crash rate per square mile per year in the relevant range sector by the
cutout area. In calculating the crash rate per square mile for each sector in Subsection 3 above, PFS did not
reduce each sector surface area by the area of the buffer zone within the sector. Doing so would increase
the calculated crash rate per sq. mile somewhat. but because the air operation density and crash rate near
the edge of the three mile buffer zone are significantly lower than near the center of range where most
activities take place, PFS's approach still conservatively overstates the number of crashes per year that
would be expected to occur within range of the PFSF. (As an approximation, if the areas were adjusted for
the three mile buffer zone, the calculated summarv crash rate of 7.35 x IO. in Section IV.C.7 for the UTTR
would increase about 17%.)

45B
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calculation of the hazard posed by crashing aircraft by altitude band is discussed further
below.
PFS assumes (as discussed in Subsection 5 below) that the aircraft within the cut-out area
for each restricted area defined by the 10 mile arc and three-mile buffer zone are
uniformly distributed from the ground surface up to 35,000 ft AGL. Since all aircraft at
altitudes greater than 10,000 ft. AGL over the cut-out area for each restricted area are
assumed to be able to reach the PFSF, one large altitude band from 10,000 ft. AGL to
35,000 ft. AGL may be used to represent those aircraft. The number of crashes that
would pose a potential hazard to the PFSF from airplanes in this 10,000 to 35,000 ft.
AGL altitude band for each restricted area (R-6402 and R-6406) is therefore equal to the
product of the cut-out area, A, for the restricted area, multiplied by the product of the
respective crash rate per square mile for the restricted area times the proportion of aircraft
(assumed to be uniforrnly distributed by altitude up to 35,000 AGL) that fly within the
altitude band of 10,000 to 35,000 ft. AGL (referred to as Ca, the proportionate crash rate
for the band).
As discussed above, however, not all aircraft below 10,000 ft. AGL within 10 miles of
the PFSF would be able to reach the site in the event of a crash. Rather, only those
aircraft with sufficient altitude such that the product of the aircraft's altitude and its glide
ratio was equal to or greater than the aircraft's distance to the site would be able to reach
the site in the event of a crash.
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Therefore to facilitate the calculation for aircraft below 10,000 ft. AGL, PFS divided the
airspace between ground level and 10,000 ft. into three altitude bands, from 0-3,333 ft.,
from 3,333 ft. to 6,667 ft., and from 6,667 ft. to 10,000 ft. PFS assumes that within each
band all aircraft are located at the midpoint altitude of the band, i.e., at 1,667 ft. (for the
lowest band from 0-3,333 ft) 5,000 ft. (for the second band from 3,333 ft. to 6.667 ft.),
and 8,333 ft.(for the third band from 6,667 ft to 10,000 ft.). To establish the cut-out areas
for each these bands, arcs of circles with radii equal to the midpoint altitude for the band
multiplied by the assumed glide ratio of 5 are drawn,46 resulting in an arc with a radius of
1.58 statute miles (sm) (1,667 ft. x 5 = 8,335 ft.) for the lowest altitude band, a radius of
4.73 statute miles (5,000 ft. x 5 = 25,000 ft.) for the second band, and a radius of 7.89
statute miles (8,333 ft. x 5 = 41,665 ft.) for third band.46 A The three-mile width of the
buffer zone does not change;-it is the same for each altitude band. As with the 10,000
to 35,000 ft. band above, the number of crashes that would pose a potential hazard to the
PFSF from airplanes in each of these three altitude bands for each restricted area (R-6402
and R-6406) is equal to the product of the cut-out area, Ac for the band within for the
restricted area multiplied by the proportionate crash rate, Ca. for each band (defined
above as being equal to the crash rate per square mile for the restricted area times the
proportion of aircraft that fly within the altitude band. assuming that aircraft are
uniformly distributed up to 35,000 ft. AGL).
Given a crash precipitating event within a cutout area, the likelihood that the aircraft
would actually hit the PFSF is equal to the ratio of the site effective area A,ff to the

PFS assumes a glide ratio of 5:1. when the maximum straight-ahead glide ratio for the F- 16 is 7 nm per
5,000 ft., because most crashing aircraft would have to turn in order to fly off-range toward the PFSF.
Turning causes an aircraft to expend energy and hence effectively reduces its glide ratio from the straightahead value. If a higher glide ratio were used. the ratio of A,ff /Ap would decrease given the greater
footprint area A. which would tend to compensate for the effect of more aircraft being able to glide to the
site. Furthermore, at a distance of 10 miles from the PFSF. an aircraft with a glide ratio of 5 would actually
have to be at an altitude of 2 miles or 10.560 ft. to reach the site. Thus, PFS's use of 10.000 ft. as the
bottom of its large altitude band is conservative, in that such includes within the band some crashing
aircraft that could not reach the site.
46

The smallest arc of 1.58 miles is not shown on Tab A because the PFSF site is two miles from the
restricted area and therefore the cut-out area of this lowest band for both R-6402 and R-6406 is zero as set
forth in subsection 5 below.
46A
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aircraft crash footprint area (i.e., the area in which a crashing aircraft could hit the
ground) A.. The footprint area, A., is equal to the area of a circle (calculated as
described in subsection 5 below) around the point at which the incident leading to a crash
would begin.
Thus, in sum, the crash impact hazard to the PFSF, Ha, for each altitude band for each
range sector, is given by the following formula:
(2)

Ha=CaXAcxAf.WAp
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5.

The Potential Impact Area for Aircraft Crashing Within Range of the PFSF
and the PFSF Effective Area

PFS used as the effective area of the site A.ff for an F- 16 crash (the predominant type of
aircraft engaging in air-to-air training) as calculated in Section III.A.3 above. For aircraft
at altitudes above 10,000 ft.. PFS took Ap, the crash footprint area, to be the area of a
circle with a radius of 10 miles around the point at which each incident leading to a crash
would begin, in that PFS assumed that aircraft more than 10 miles from the PFSF, that
could reach the site only by gliding, would be directed away from the PFSF in the first
place. For aircraft at lower altitudes, PFS divided the airspace between ground level and
10,000 ft. into the same three altitude bands as was done to determine A,, and PFS
calculated an A. for each band using the radius of the arc that was used to determine the
corresponding A. again taking Ap for each arc to be the area of the circle with a radius
equal to the radius of the arc. The center of each Ap for the lower altitudes bands is
similarly assumed to be located at the point at which the incident leading to the crash
begins. A decreases with decreasing altitude to account for the fact that the potential
area in which crashing aircraft could hit the ground decreases with the potential glide
distance of the aircraft, which decreases as the altitude of the aircraft decreases.
Next. PFS measured the cutout area Ac for each arc (i.e., for each altitude band). The
arcs pass through the sectors R-6402 and R-6406 and create irregular shapes; thus PFS
measured the areas directl) from the map. Note that because the PFSF is two miles from
the closest edge of either sector, the cutout area for the aircraft in the lowest altitude
band, below 3,333 ft., with a radius of 1.58 miles, will be zero, as those aircraft would not
be able to reach the PFSF if theN, crashed. Also, because the three-mile buffer zone just
inside the restricted areas extends past the farthest point of the cutout area for the aircraft
in the next lowest altitude band (from 3.333 ft. to 6,667 ft., with a radius of 4.73 miles)
the cutout area for that band is zero, in that no crash-initiating events would occur in that
area.
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The cut out areas, Ac, for each arc (altitude band) for range areas R-6402 and R-6406 are
given below. See also Table 3.
Range Area
R-6402

R-6406

Arc Radius (mi.)

Cutout Area (sq. mi.) A,

1.58

0.0

4.73

0.0

7.89

24.5

10.00

53.0

1.58

0.0

4.73

0.0

7.89

4.5

10.00

12.5
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Similarly, the footprint areas, Ap. are also given for aircraft in each arc for both range
areas (the footprint area for both range areas is the same for each arc). See also Table 3:
Arc Radius (mi.)

Footprint Area (sq. mi.) Ap

1.58

7.8

4.73

70.4

7.89

195.6

10.00

314.2

Finally, the U.S. Air Force has indicated that fighter aircraft generally conduct air to air
training from the ground surface up to 40,000 ft. MSL (35,000 ft. AGL). 47 Such aircraft.
however, tend to spend more time at the medium or lower altitudes. 4 8 Nevertheless, PFS
assumed conservatively (in that aircraft at higher altitudes can potentially glide or fall
farther than aircraft at lower altitudes) that the crashing aircraft would be evenly
distributed over the 35,000 ft. of airspace between ground level and 40,000 MSL.
Therefore, 25,000/35,000 or 71.4 percent will be in the altitude band above 10.000 ft. and
the remaining 28.6 percent will be divided evenly among the three altitude bands below
10,000 ft. Thus, Ca in equation (2) (the crash rate per square mile) is a function of
altitude band and the total crash hazard to the PFSF. H, is the sum of the impact hazard
from the aircraft in each altitude band Ha. over all four altitude bands.
Thus, with 71.4 percent of the aircraft flying over 10,000 ft. (in band I) and the
remaining 28.6 percent divided equally between three altitude bands (bands 2-4) below
10,000 ft., Ca is as follows for each altitude band:
Ca(l) = 0.714 C

Ca(2-4) = 0.286/3 C,

47

Telephone conversation between Brig. Gen. James L. Cole USAF (Ret.) and 388," Fighter Wing Vice

Commander, Hill AFB, UT, July 29, 1999.
4

Conversation with Col. Ronald Fly, USAF (Ret.), October 16. 1999.
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where C is the number of crashes per square mile per year for the sector of the UTTR in
question (i.e. R-6402 or R-6206). C for R-6402 and R-6406 are shown below for each
altitude band (in crashes per square mile per year):
Range Area

C. for each Altitude Band

0-3.333 ft.

3,333-6,667 ft.

6,667-10,000 ft.

>10.000 ft.

R-6402

2.40 x10-7

2.40 x10-7

2.40 x10-7

1.80 x 106

R-6406

1.95 x 106

1.95 x 106

1.95 x 106

1.46 x 10-5

6.

j

The Effect of the Nature of the Aircraft Crash and the Avoidance of the
PFSF by Fighter Pilots on the UTTR South Area

An aircraft on the UTTR experiencing an engine failure (or some other event that would
leave the pilot in control of the aircraft) would not merely crash in the direction it was
flying at the time of the failure but rather it would glide under the control of the pilot until
the pilot restarted the engine or decided to eject from the aircraft at relatively low
altitude. By its very purpose, the UTTR itself presents a significant safe area to receive a
descending aircraft, therefore, an aircraft experiencing an engine failure would not glide
across the Cedar Mountains and to the PFSF in the middle of Skull Valley - which is off
the range - and impact it while under a pilot's control. Therefore, as it did for the F-16s
transiting Skull Valley. PFS divides potential UTTR crashes into two categories: 1)
crashes precipitated by engine failure (or other malfunction) in which the pilot will retain
control over the airplane and 2) all other crashes. in which it is conservatively assumed
that the pilot ejects quickly and does not retain control of the aircraft or guide it away
from the PFSF.
To make this division, PFS evaluated the F-16 accident investigation reports for special
inflight operations to assess the fraction of accidents occurring in special operations in
which the pilot would remain in control of the aircraft. The results of this evaluation
(conducted by Gen. Cole, Gen Jefferson, and Col. Fly) show that 45 percent of all F-16
crashes occurring during special operations" are caused by engine failure or some other
event that would leave the pilot in control of the aircraft. Tab H. As discussed in Section
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III.A.5, it is extremely unlikely that an engine failure in an F-16 would require the pilot to
eject from the aircraft immediately. Based on 1) the maneuver the pilot will undertake in
the event of an engine failure, i.e., climb to trade airspeed for altitude and time, establish
a glide path, and attempt to restart the engine; 2) the openness of the area around the
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PFSF; and 3) the slight turn the pilot would have to make to avoid the PFSF, given the
distance from the PFSF at which such an aircraft would be at the apex of the pilot's
maneuver, the pilot would almost certainly have the ability to direct the aircraft away
from the PFSF as he descended to ejection altitude. Therefore, it is reasonable to assume
(as PFS assumed for the F-1 6 flights transiting Skull Valley) that in at least 95 percent of
the potential crashes on the UTTR caused by engine failure (or other malfunction in
which the pilot remained in control) the pilot would be able to avoid the PFSF. Hence,
95 percent of the crashes caused by engine failure (or other malfunction in which the
pilot remained in control) may be excluded from the PFS air crash hazard calculation.
Therefore, because 45 percent of all crashes in "special operations" would leave the pilot
in control, 45 percent times 95 percent, or 42.75 percent, of the total expected crashes on
the UTTR may be excluded from the hazard calculation. 4 9 In other words, 100 percent
minus 42.75 percent, or 57.25 percent, of the total expected crashes remain in the hazard
calculation and R, in equation (1), is equal to 0.5725. PFS applies this reduction when
calculating the total aircraft crash impact hazard to the PFSF from air-to-air combat
training on the UTTR South Area as indicated below.
7.

The Impact Hazard to the PFSF

The total crash hazard to the PFSF from aircraft conducting air-to-air training on the
UTTR is calculated by inserting the appropriate Ca in equation (2) set forth in
Subsection 4 above, summing over all altitude bands for restricted areas R-6402 and
R-6406 and adding the impact probabilities calculated for both restricted areas. The
crash impact hazard is then multiplied by the factor. R. to account for the ability of pilots
to avoid built up areas on the ground in the event of a crash precipitated by engine failure
(or other malfunction in which the pilot remained in control), as discussed above. Table

As indicated above, fighter aircraft other than F- I 6s conduct air combat training on the UTTR, PFS
applied the F-16 engine-related crash rate to all fighters, however, to be consistent with PFS's conservative
assumption that all fighters engaging in air combat training on the UTTR would crash at the more
conservative (higher) F- 16 rate.

49
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3 shows that the air crash impact hazard to the PFSF as a whole, assuming a fully loaded
cask storage area, would be 7.35 x 10-8.
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8.

Sensitivity Analysis

PFS assumes in its calculation above the impact hazard posed to the PFSF by aircraft
conducting training on the UTTR that any aircraft that experienced an inflight emergency
within 10 miles of the PFSF that led to a crash could possibly impact the PFSF.
However, PFS's assessment of accidents occurring during special inflight operations in
which the pilot does not maintain control(Tab Y) indicates that it is most likely that such
crashing aircraft would travel less than 5 miles horizontally before impacting the ground.
Further, PFS's assessment of accidents in which a pilot does maintain control indicates
that invariably the pilot would steer the aircraft away from a large facility on the ground,
such as the PFSF, particularly from a distance of five miles or more.
If PFS were to incorporate the 5-mile cut-off distance into its analysis, which would be
more than amply supported by the above accident data, it would define the "cutout area(Ac) in its calculation by drawing an arc with a radius of 5 miles centered at the PFSF. A
5-mile arc, however, would reduce the applicable crash rate to zero, in that the PFSF is
located 2 miles east of the UTTR restricted areas and, on the basis of where F-I 6s fly on
the UTTR, PFS has utilized a 3-mile buffer zone just inside the UTTR restricted areas.
Thus, the PFSF is located

miles east of the closest point at which an event leading to a

crash would occur and hence, a crashing aircraft on the UTTR would not be able to reach
the facility before impacting the ground. 49A
This sensitivity analysis shows that, as a practical matter, air operations on the UTTR
pose very little, if any, risk to the PFSF.
9.

Conservatism in the PFS Approach

While PFS has calculated an annual average crash impact hazard posed by aircraft on the
UTTR to the PFSF of 7.35 x O-s per vear, the true impact hazard would be much lower

Based on the evaluation of the F-16 accident reports, PFS does not believe itto be necessary or
reasonable to perforrm a sensitivity analysis for aircraft potentially impacting the PFSF site from a distance
of greater than I0 miles, as it had done in the earlier versions of the Report.
49A
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than that due to the conservatisms in the PFS calculational approach. First, PFS assumed
for its analysis that the air-to-air flights in each restricted area, R-6402 and R-6406, were
uniformly distributed throughout the areas with no consideration (other than the threemile buffer zone) of the fact, that aircraft on training missions within a range conduct
their high-speed, aggressive maneuvering toward the center of the restricted area ranges
rather than at their edges in order to minimize any potential for flying off the range and
into unrestricted airspace.50515253

so Conference with Col. Ronald Fly. USAF (Ret.), October 16. 1999.
51

Footnote deleted.

52

Foomote deleted.

53

Footnote deleted.
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Norrnal flight operations including exiting the range may be more proximate to the PFSF
site but are also less risky than the training maneuvers conducted on the ranges.
(Moreover, PFS has expressly calculated the risk to the PFSF from F-I 6s traveling to the
range through Skull Valley in Section III and departing the range via the Moser Recovery
in Section V.) Thus, both the true aircraft density and the true expected crash rate near
the edge of the range sectors near the site would be much lower than those calculated by
PFS.
Furthermore, the actual aircraft density in the cut out areas on the edge of restricted area
ranges R-6402 and R-6406 near the PFSF (see map at Tab A) is also lower than that
assumed by PFS in its calculation, in that the number of flight operations over the cut out
areas for R-6402 and R-6406 would be govemed by the lower number of operations in R
6402. This is because aircraft in air-to-air training require room to maneuver and the
shape of area R-6406 (which has the highest operation density on the UTTR) in the cut
out area portions of the range near the PFSF is quite narrow. See Tab A. Therefore,
aircraft conducting air-to-air training on the east side of the UTTR, nearest the PFSF,
would most likely simultaneouslv use both areas R-6406 and R-6402. The Air Force has
indicated, however, that the level of operations over R-6402 (where Dugway Proving
Ground is located) is about one-sixth of that over R-6406. This lower level of activity

-
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reflects that pilots on the UTTR do not conduct combat training over Dugway because of
the facilities present and the ground activities conducted there.54 Therefore, the level of

54

Conference with Col. Ronald Fly, USAF (Ret.), October 16, 1999.
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operations in the cut area portions of R-6406 nearest the PFSF is likely to be about one
sixth that assumed by PFS in its calculation and accordingly one could expect R-6406 to
contribute only about one-sixth of the calculated crash impact hazard to the PFSF that
PFS calculated for it above. If PFS were to make such an adjustment to its calculation, it
would reduce the calculated haznrd for restricted area R-6406 from 4.78 x I O- to 7.97 x
l0-9, and the combined hazard for the UTTR (for areas R-6402 and R-6406) from 7.35 x

10-8 to 3.35 x 1o-8. No credit for this conservatism was, however, taken by PFS in the
calculated probability for the UTTR impact hazard.
In addition, as indicated above, the calculated probabilities for impacting the PFSF site
for F-1 6s and other aircraft operating on the ranges in the UTTR are conservative, in that
in the event of an emergency (other than an engine failure or other malfunction in which
the pilot retained control) that would result in a crash, calculations are based on the
assumption that the aircraft (if it were within 10 miles of the PFSF) would fly some
distance up to its maximum glide distance in a random direction before hitting the
ground. In fact. as PFS's assessment of the F-16 crashes that occurred in special inflight
operations in the last 10 vears in Tab Y shows. in a crash precipitated by an event
requiring the pilot to eject immediately (e.g. a mid-air collision), the aircraft would likely
be uncontrollable and it would most likely quickly fall to the ground without flying a
significant distance farther. In any instances where the crash was caused by controlled
flight into the ground (pilot error) the aircraft would not glide any distance at all. Finally,
PFS conservatively included Class A and B mishaps when calculating its crash rates
where such do not necessarily result in an aircraft impacting the ground.
A more realistic approach to calculating air crash hazards posed by aircraft on the UTTR
would be to assign a lower density and a lower crash rate to air operations on the edge of
the restricted areas near the PFSF, i.e.. inside the "cutout area," in which it was assumed
above that an aircraft could experience a problem leading to a crash and impact the PFSF.
It would also be more realistic to account for the fact that crashes not caused by engine
failure are mostly caused by stressful or aggressive maneuvering by assuming that
aircraft crashing on the UTTR will impact the ground near the center of the restricted
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area where they normally conduct such maneuvering. PFS has not attempted to quantify
these effects here except to include the three-mile buffer zone at the outside edge of the
restricted area and to reduce the expected crash rate of aircraft by 42.75 percent to reflect
the occurrence of crashes that would leave the pilot in control of the aircraft.
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Therefore, for the foregoing reasons PFS's crash impact hazard calculation is highly
conservative and in fact the crash impact hazard posed by military training flights on the
UTTR would be extremely low. Further, the calculated probability is for a fully loaded
facility which would only be for a short period of time and the average annual calculated
risk would only be approximately 55 percent of the peak risk calculated above.
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V.

HAZARDS POSED BY AIRCRAFT RETURNING TO HILL AFB

In this section of the report, PFS calculates the potential hazard to the PFSF from aircraft
returning to Hill AFB. According to the U.S. Air Force, military aircraft can enter or exit
the UTTR at any point they choose with coordination from Clover Control. For the
UTTR North Area, most exiting aircraft will simply proceed east and request radar
vectors from Hill AFB Approach Control or use the Causeway 4 Recovery to return to
Hill AFB. Aircraft using the Causeway 4 Recovery fly west to east across the middle of
the Great Salt Lake and approach no closer than 57.5 statute miles to the PFSF site. The
Stansbury Recovery is used by aircraft returning from the North Area only at night or in
marginal weather conditions and when runway 32 is the active runway at Hill AFB. The
closest point of approach to the PFSF site for aircraft using the Stansbury Recovery
would be approximately 29 miles as they pass the southem end of Stansbury Island.
Consequently, this traffic would pose no significant risk to the PFSF site. 55
For the UTTR South Area, most aircraft exit the northern edge of the range in
coordination with Clover Control and proceed north for radar vectors or fly the Causeway
4 Recovery approach and landing at Hill AFB. As stated above. aircraft using the
Causeway 4 Recovery remain at least 57.5 miles from the PFSF site. On certain limited
occasions, aircraft returning to Hill AFB from the South Area of the UTTR may use the
Moser Recoverv route which passes within about 2 to 3 miles to the north of the proposed
site at an altitude of 15,000 feet MSL.SSA However, aircraft fly the Moser Recovery for
approach and landing at Hill AFB onlv when landing at night or during marginal weather
conditions at Hill AFB and when runway 32 (which runs to the northwest) is the active

5 388th Fighter Wing Response to Freedom of Information Act Request of December 18, 1998 [hereinafter
388 TFW FOIA 18 DEC 98].

The Moser Recovery is depicted as a red line labeled "051" on the map in Tab W. The route starts at a
point (labeled "MIJ 350/12") within the restricted area on the UTTR and continues across Skull Valley on a
heading of 51 degrees for approximately 37 nm, until it reaches a point (labeled "HIF 186/30") within 30
nm of Hill AFB, northeast of Tooele and west of Salt Lake City. At that point the route turns east and then
north-northwest for the approach into Hill (labeled "HIF").
55A
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runway. 5 6 Because pilots train on the UTR mostly during daytime and in good weather
and because aircraft landing at Hill usually use runway 14 (which runs to the southeast)
due to the wind pattems at Hill, 56 A the Moser recovery is seldom used. Based on
information

Telephone conversation between Brig. Gen. James L. Cole, USAF (Ret.) and the Vice Commander of the
388h Fighter Wing. July 29, 1999.
56

The predominant landing direction at Hill AFB is toward the south because the winds are normally from
that direction. In addition, according to Col. Ronald Fly, USAF (Ret.), to minimize the impact of F-16s
operating from Hill AFB on traffic from Salt Lake City airport, Hill AFB will continue landing toward the
south with up to 10 knots of tailwind, thereby increasing the already predominant pattern of landing toward
the south.
56A
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received from local air traffic controllers, conservatively estimated Moser Recovery
would be used by less than 5 percent of the aircraft returning to Hill AFB. Almost all of
the F-16 sorties on the UTTR South Area originate from Hill AFB. 57 Thus. fewer than
286 aircraft per year (5 percent of the 5,726 F-16 flights on the UTTR South Area per
year) 5 7 A would use the Moser Recovery route and pass near the PFSF site. See Map at
Tab W.
PFS has calculated the crash hazard probability for aircraft employing the Moser
Recovery using the NUREG-0800 methodology. 5 8 The annual crash hazard for the cask
storage area is given by:
P=NxCxAIWx R.
The number of aircraft, N. is equal to 286. The crash rate, C, is equal to 2.736 x 10-8 per
mile (aircraft flying the Moser recoverv would be in the "normal" mode of flight). The
PFSF effective area (equal to the sum of the effective areas of the cask storage area and
the CTB) is 0.13371 sq. mi. PFS assumes an airway width of 10 nautical miles (11.5
statute miles) for the Moser Recoverv. which is the width of military airway IR-420, used
by aircraft flying in and out of Michael Anny Airfield in the same direction. To account
for the ability of F- 16 pilots to avoid the PFSF in the event of a crash (as discussed in
Section III.A.5). PFS adds a factor R with a value of 0.1 (accounting for catastrophic
incidents in which the pilot ejects without attempting to avoid the site) plus 0.045
(accounting for accidents in which the pilot ejects after some time and attempts but fails
to avoid the PFSF). or 0. 145.
P = 286 x 2.736 x 10-8 x 0.133711 1.5 x 0.145 = 1.32 x 10-8
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Conversation with Col. Ronald Fly, USAF (Ret.), November 20, 1999.

In PFS's August 13, 1999 submission PFS had used 5 percent of the number of flights transiting Skull
Valley (3,87 ) as the upper bound for return flights on the Moser Recovery route rather than the total
number of F-16 on the UTR South Area, which is based on subsequent discussions with Col, Ronald Fly,
USAF (Ret.). See note 57, supra.
57A

PFS had earlier calculated the hazard using the methodology of Kimura et al. as an altemative to the
NUREG-0800 approach but does not repeat that calculation here. The Kimura e a]. methodology produced
58

a lower crash impact probability than NUREG-0800; hence, the NUREG approach isconservative.
- 49 -

PFS's conclusion that a pilot who retained control of a crashing F-16 on the Moser
recovery route would at least 95 percent of the time direct the crashing aircraft away from
the PFSF is valid for the following reasons. First, although the Moser recovery route is
an instrument recovery route for use at night or in bad weather at Hill AFB, the pilot mav
well be operating in a clear air mass throughout some, if not all, of the recovery.
According to Col. Ronald Fly, USAF (Ret.), often times, the weather at Hill AFB, which
sits at the base of a mountain range, may require an instrument recovery while visual
flight rules (clear of clouds) can be applied within the UTTR. In fact, the 388 Fighter
Wing will restrict the number of sorties flown if the weather in the UTTR does not
provide adequate clear airspace to conduct a full schedule. Conversely, they will fly a
full schedule if the weather in the UTTR is clear even if the conditions at Hill AFB
require a recovery under instrument flight conditions. Further, if the Moser Recovery
were being used for recovery at night, the PFSF site would be illuminated as previously
discussed in connection with the Skull Valley analysis above.
Also, flight operations from the UTTR on the Moser recovery en route to Skull Valley
and Hill AFB (see 0510 heading on map in Tab V) are routine and administrative in
nature. Therefore. the probability of a mid-air collision resulting in significant structural
damage or a deep stall during this cruise phase of flight is extremely small. As
documented previously, the only reasonable cause of an accident during this phase of
flight is an engine failure.
If an aircraft had an engine failure on the Moser recovery route, the aircraft would be at
an altitude of 15,000 ft. MSL (approximately 10.000 ft. AGL) and would therefore have
a glide range of approximately 15 miles or so. depending on turns. A pilot would be
aware of his location and position, and if the pilot were in the initial stages of his
recovery somewhere to the southwest of the PFSF site (see Tab V), the pilot could
reasonably be expected to initiate a turn toward Michael AAF as the nearest suitable
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runway. 58 A If a pilot were further along in his recovery, he would be past the PFSF, or
would glide over the PFSF. Additionally, the pilot would be in contact with Clover
Control, which could provide him with additional inforrnation as to his location and
nearby populated areas and structures. Because of the expected pilot actions, the
aircraft's glide range, the pilots general awareness of his location. and contact with Clover
Control, it is not reasonable to assume the aircraft would hit the PFSF site.

5SA

Because Michael AAF is located 17.25 statute miles from the PFSF (see Subsection VlB), a pilot

several miles to the southwest of the PFSF on the Moser Recovery route could still reasonably be expected
to turn toward Michael AAF. Beyond that point, as discussed in the text above, the plane would be beyond,
or would easily glide beyond, the PFSF.

-
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For the foregoing reasons and because these calculations are based on a conservative,
upper limit of the number of aircraft using the Moser Recovery, they are conservative and
aircraft using ihe Moser Recovery route do not represent a significant hazard to the PFSF.
Further, the calculated probability is for a fully loaded facility which would only be for a
short period of time and the average annual calculated risk would only be approximately
55 percent of the peak risk calculated above.
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VI.

HAZARD POSED BY FLIGHTS ON AIRWAY IR420 TO AND FROM
MICHAEL ARMY AIRFIELD

In this section of the report, PFS calculates the hazards posed to the PFSF by flights on
Military Airway IR-420 which runs northeast to southwest over the planned PFSF site to
Michael Army Airfield on the Dugway Proving Ground. In Section VI.A below, PFS
calculates the hazard to the PFSF site from flights on Military Airway IR-420. In Section
VI.B below, PFS demonstrates that Michael Army airfield is sufficiently far from the
PFSF such that PFS's hazard calculation does not need to include an assessment of nearairport operations at Michael Army Airfield.
A.

Hazard Calculation for Military Airway IR420

PFS has calculated the aircraft crash hazard to the PFSF posed by aircraft flying on IR420 using the methodology of NUREG-0800 where the crash hazard, P, is equal to N x C
x A/W, where N is the number of flights per year along the airway, C is the crash rate per
mile of flight, and A is the effective area of the site in square miles, and W is the width of
the airway. Subsection I below discusses the appropriate crash rate to use for the
calculation. Subsection 2 calculates the effective area.
1.

Justification of the Crash Rate used in the Hazard Calculation

It is appropriate to use the crash rate for commercial aircraft of 4 x 10-10 crashes per mile
from NUREG-0800 in the hazard calculation for IR-420 because most of the aircraft
flying to and from Michael Army Airfield are large transport aircraft (e.g. C-5s, C-141s,
and C-17s) which are fairly similar in size. weight. and performance to commercial
aircraft and exhibit similar crash rates as do commercial aircraft. Accident information
for the C-5, C- 7, and C-14 1 is provided by the U.S. Air Force web page at wwwafsc.saia.af.mil. Calculation of the crash rate per mile for them using the Air Force
infornation and accident investigation reports shows that the empirical rate applicable to
IR-420 is zero, in that no relevant accidents occurred during the time period under the
conditions present on IR-420. The commercial rate of 4 x 10-' 0 per mile that NUREG-
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0800 provides for commercial airliners is therefore appropriate here given the very
routine nature of the flights into and out of Michael AAF.

-5 a-

The C-5 is a four-engine heavy cargo jet transport with a gross weight of 769,000 lbs. It
is roughly equivalent to a Boeing 747 (gross weight of 740,000 lbs.). The C-5 has
experienced one crash (i.e., destroyed aircraft) in the past 10 years (in 332.214 hours of
flight).
The KC- 10 is a three-engine heavy jet tanker/cargo aircraft with a gross weight of
590,000 lbs. It routinely performs in-flight air refueling missions. This aircraft is
equivalent to a McDonnell Douglas DC- I0 with a slightly less gross weight. The KC- 10
has experienced no crashes (i.e., destroyed aircraft) in the past 10 years.
The C-1 7 is a four-engine heavy cargo jet transport with a gross weight of 585.000 lbs. It
routinely performs in-flight air refueling and air-drop missions. This aircraft is also
roughly equivalent to a Boeing 747. The C-17 experienced no crashes (i.e., destroyed
aircraft) in the past 8 years (the lifetime of the aircraft).
The C-141 is a four-engine heavv cargo jet transport with a gross weight of 325,000 lbs.
It routinely performs in-flight air refueling and air-drop missions. It is roughly equivalent
to a Boeing 707 (gross weight of 300.000 lbs.), a Boeing 767 (gross weight of 280.000
lbs.), or a Boeing 757 (gross weight of 200,000 lbs.). The C-141 has experienced five
crashes (i.e.. destroyed aircraft) in the past 10 years.
The raw data figures for crashes/destroyed aircraft figures for large military transport
aircraft compare very favorably to the figures for civilian commercial aircraft. Using
U.S. Air Force crash data for large cargo aircraft, one can calculate a crash rate per mile
applicable to flights on IR-420 and show that the crash hazard posed by such aircraft is
quite similar to that posed by large commercial airliners. From 1967 to 1993, large
military cargo aircraft flew approximately 3.6 x 109 miles in 7.738 x 106 hours (including
both normal and special operations flight) or an average of 465.2 miles for every hour of
flight.59 Air Force crash

S

DOE ACRAM Study, Tables 4.7 and 4.8 (Tab C).
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data indicate that large cargo aircraft experienced the following crashes (aircraft
destroyed) from 1989 to 1998:60
Large Cargo Aircraft Crashes 1989-98
Type

Crashes

C-5

1

796,269

KC- IO (Tanker)

0

511,412

C-17

0

109,380

C-141

5

2,108.000

TotalI6
Total

6

Hours Flown

3,525,061
3,525,061

Therefore, the number of crashes per flight hour from 1989-1998 was 1.702 x 106.
Assuming that the average number of miles flown per flight hour remained the same as it
was as of 1993 (465.2), and that the crashes relevant to IR-420 are those that occurred
under similar flight conditions. PFS can derive an appropriate crash rate. To judge what
fraction of the total crashes are applicable to IR-420 (i.e.. were caused by events that
could occur on IR-420). PFS obtained and analyzed the Air Force accident reports for
each of the six accidents in the table above. PFS found in fact that none of the crashes
occurred under conditions that would be representative of those on IR-420 and thus the
empirical crash rate for large cargo aircraft on IR-420 is zero. (Tab Z) To account for
the hypothetical possibility that a crash could occur on IR-420, however. PFS has applied
the 4 x 10-10 per mile crash rate that NUREG-0800 uses for commercial airliners in flight
because of the similarity of the design and operation of the aircraft.

PFS used the number of large cargo aircraft destroyed when calculating its crash ratio instead of the
number of Class A and B mishaps for large cargo aircraft because it is much easier for a multi-engine
aircraft, like a large cargo aircraft, to suffer a Class A or B mishap without crashing (e.g., by experiencing
60

failure of one of its multiple engines) than it is for a single engine aircraft like an F-16. Thus, using Class
A and B mishaps would have significantly overstated the crash rate for large cargo aircraft.
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2.

Site Effective Area Calculation

PFS calculated the effective area for the PFSF (assuming a full cask storage area of 4.000
casks) using the approach from DOE-STD-3014-96, Appendix B at B-26 to B-29 (Tab G)
using the characteristics for large military aircraft. For such aircraft, like the C-5, C-1 7,
and C-141, the representative wingspan W = 223 ft., skid area
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780 ft. Cot 0 = 7.4 (i.e.

0 = 7.7 deg.). The effective area of the PFSF is, therefore (calculating in the same
manner as for F-16s in Section III.A.3):
Cask storage area
Af= (Ws + R) x H x Cot 0 +

R
R

+LxW

= (223 + 2,199.66) x 19.58 x 74 + 2 x 1590 x 1520 x 223 + 1590x 1520
2199.66
= 35,1024 + 490,027 + 2,416,800
3,257,851 sq. ft = 0.1168 sq. mi.
A,

= (W,+R) S = (223 + 2199.66) x 780 = 1,889,673.8 sq. ft.
= 0.0678 sq. mi.

Aeff

=

0.1846 sq. mi. (storage area)

Canister Transfer Building
Af=(W+R)xHxCot0+ 2 x L x W xW

L

Af= (223 + 268) (90) 7.4 +2 x 260 x 65 x 223 +260 x65
268
-

327,006 + 28.125 + 16.900 = 372.031 sq. ft = 0.0133 sq. mi.

A, = (223 + 268) 780 = 382.980 sq. ft = 0.0137 sq. mi.
Aeff= 0.0270 sq. mi.
Total (Cask Storage plus Canister Transfer Building)
Aeff = 0.2116 sq. mi.
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3.

The Hazard Calculation

Military airway IR-420 is 11.5 statute miles (10 rn.) wide and the U.S. Army has
indicated that a total of approximately 414 flights per year fly along IR-420 to and from
Michael Army Airfield. 61 Therefore, N is equal to 414 and W is equal to 11.5. Further.
as set forth in Subsection I above, PFS has judged that it is appropriate to use the
commercial crash rate of 4 x 1 - crashes/mile set forth in NUREG-0800 for air traffic to
and from Michael Arrny airfield. In Subsection 2 above, PFS has calculated the effective
area of the site (cask storage area and CTB) to be 0.2116 sq. mi. Therefore, the NUREG0800 parameters and calculated hazard for air traffic to and from Michael Arrny Airfield
are as follows:

C = 4 x 10-10 crashes/mile

A

N

W= 11.5 statute mi.

=

414 flights/year

P = 4 x 10-" x 414 x 0.211/11.5

=

=

0.2116 sq. mi.

3.0 x 10-9 crashes/year.

This crash impact hazard calculation is conservative in that similar to the F- I 6s transiting
Skull Valley. an aircraft on IR-420 that experienced total engine failure would likely
remain in control of the pilot, who, if the aircraft did not possess an ejection seat or
parachutes, would attempt to make an emergency landing. Thus, he or she would guide
the aircraft toward a suitable site. away from built up areas such as the PFSF. PFS has
taken no credit for this conservatism in the above calculation and hence the actual air
crash hazard probability would be lower than that calculated. Further, the calculated
probability is for a fully loaded facility which would only be for a short period of time
and the average annual calculated risk would only be approximately 55 percent of the
peak risk calculated above.

Letter from Lt. Col. F.Gil Brunson, USA Command Judge Advocate, U.S. ArTny Dugway Proving
Ground, to John Donnell, Project Manager, Stone & Webster Engineering Corp. (Apr. 2, 1997).
61
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B.

The PFSF Is Not Within Near Airport Operations of Michael Army Airfield

PFS has reviewed various studies on near airport operations and has concluded, based on
its review, that the hazard calculation for aircraft going to and from Michael Army
Airfield on military airway IR420 does not need to include an assessment of the crash
hazard posed to the PFSF by near-airport operations at Michael. There are several
credible and validated studies and analyses available that deal with aircraft crashes
associated with near-airport operations as well as non-airport operations which show that
crashes associated with near-airport operations are confined to within 10 miles of
airports. Here, the PFSF site is located 17.25 statute miles Michael Army Airfield
runway which places it beyond this accepted 10 mile range for near airport operations. A
related issue is the angle from the runway at which a facility is located. Here, the PFSF is
located nearly at right angles (900) from the direction of flow for takeoff ard landing
traffic at Michael AAF (Tab K), which puts the PFSF in the low risk quadrant.
Therefore, the PFSF site is outside the crash risk area of near-airport operations for
Michael Army Airfield.
The following studies support the proposition that near airport operations are considered
to be confined to within 10 miles of airports. The first is DOE-STD-3014-96 (Tab G),
which assesses aircraft crash risks for military and civilian aircraft in near-airport and
non-airport operations in great detail. The DOE analysis found some differences between
where military and civilian takeoff and landing crashes are expected to occur. In
commercial aviation, landing crashes normally extend out only a mile from the end of the
runway, while military landing crashes are more widespread and can occur up to 10 miles
beyond the end of the runway. Landing crashes for military aircraft are more spread out,
simply because an aircraft that experiences difficulties and turns back to attempt recovery
on the landing runway and then crashes would be considered a landing crash. Hence,
military landing crashes extend up to 10 miles from the runway. From that point on,
however, one can consider crashes to be in the non-airport environment. Id. at B-9. The
study also found that takeoff crashes for military aircraft are concentrated along the
extended centerline of the runway.
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This particular DOE analysis was produced by a very credible team of subject matter
experts who conducted considerable research and analyses of aircraft crashes in nearairport and non-airport environments. This DOE analysis was used to conduct a detailed
risk analysis of DOE facilities throughout the nation. The most important conclusion to
draw from this DOE analysis is that the PFSF site, located 17.25 statute miles away on a
magnetic bearing of 035°, is outside the crash risk area of near-airport operations and
nearly at right angles (90°) from the direction of flow for takeoff and landing traffic at
Michael AAF (Tab K). Consequently, the PFSF site is located under neither the takeoff
nor landing flight paths of the airfield, the historical location for over half of all crashes
that occur. Consequently, the risk to the PFSF site by departure (takeoff) and arrival
(landing) traffic at Michael AAF is not an issue.
Second, NUREG-0800 also indicates that crashes associated with near-airport operations
are confined to within 10 miles of airports. NUREG-0800 contains a table on page
3.5.1.64 entitled "Probability (X 10 8) of a Fatal Crash per Square Mile per Aircraft
Movement". The "Distance from End of Runway (Miles)" column extends only out to
10 miles on the runway heading. Once again, this is distance from the end of the runway.
as the high risk areas for crashes are off the ends of the runway. The PFSF is located off
neither end of Michael Army Airfield. but is instead located on an axis approximately 90°
off the runway alignment, 17.25 miles from the runway.
Third, the Federal Aviation administration has also published an analysis entitled
Location of Commercial Aircraft Accidents/Incidents Relative to Runways,
DOT/FAA/AOV 90-1 (Tab L). FAA defines an airport traffic area as being 5 to 10 miles
from the airport. The FAA focus is much closer to the runway than most studies. Indeed,
the category in which the FAA groups crashes near airports farthest from the runway is
"Greater than 6000' from Runway End" and there are very few crashes in that category,
as compared to "less than I 000'," which contained the majority of the crashes. The FAA
analysis does not indicate in any way that crashes associated with near airport operations
extend out to 15-30 miles from an airport.
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Fourth, the RAND Corporation has produced a report entitled "Airport Growth and
Safety," RAND Report #MR288 which also confirms the greatest percentage of "Hull
Loss" accidents occur during the approach and landing and takeoff phases of flight near
the airport. This study includes discussions of Public Safety Zones that are part of British
Zoning Regulations. They are near airport property, typically at runway ends, and are
normally 1372 meters long and about 150 to 694 meters wide. It is important to note that
they only extend about a mile out from either end of the runway.
One other report that PFS reviewed that might conceivably suggest a greater range for
near airport operations is the Lawrence Livermore National Laboratory Report. Aircraft
Crash Assessment of U.S. Nuclear Power Plant Sites Using the NRC Methodology by
Prassinos and Kimura. The report states on p. 7 that "for general aviation airports, the
aircraft crash location distribution is greatest near the ends of runways. and essentially
falls off to background levels at a distance of five miles from the airport..

..

However,

for comnercial and military aviation, [the cited studies] show that commercial and
military aviation aircraft crash location distributions, while they generally follow the
general aviation distribution do not fall off as rapidly and do not approach the
background value until about 15 to 30 miles."
It would, however. be incorrect to interpret this general statement in the Livermore report
as warranting a change to the current NRC and DOE methodologies for determining the
boundaries of the near-airport operations region. No specific crash data was presented in
the Livermore Report on commercial and military aviation aircraft, as its focus appeared
to be on general aviation. Further, the data from the two studies cited in the Livermore
report show that the PFSF would be outside the near airport operations area for Michael
Army Airfield.
The first relevant reference cited in the Livermore Report, Aircraft Accident Data
Development for Aircraft Risk Evaluation to Ground Facilities Through the Use of a
G..S., by Kimura et al. (Tab M), indicates that crashes associated with near-airport
operations occur only within 10 miles of airports. Table 8 (p. 507) of the report includes
a breakdown of air carrier crash location distributions which shows that 50% of those
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crashes occur less than a mile from the runway threshold and that the fraction of nearairport crashes decreases with increasing distance from the runway until 1.2% of the
crashes occur 8-9 miles from the threshold and finally none occur 9-10 miles from the
threshold.
The other reference cited in the Livermore report is the DOE ACRA-M Study (Tab C).62
The only data in this study that would indicate that crash frequencies and distributions are
higher than "background" level at distances greater than 10 miles from the airport are
crashes attributable to the "climb to cruise" and "airport approach" portions of the flight.
Table 2.9 entitled "14 CFR 121 crashes ... by Flight phase" on page 2-15 provides an
illustrative exarnple, but this table also states that those two phases of flight account for
only a relatively small percentage of total crashes, 4.13% and 8.26% respectively. In
fact, when DOE used this data to prepare its Standard, it did not define near-airport
crashes as extending out to 15 to 30 miles from the airport (Tab G). Moreover, the DOE
ACRAM Study (at 4-16 to 4-17) shows that the incidence of crashes of military aircraf is
not above background at a distance of over 12 miles from the runway at right angles to
the runway. As stated above. the PFSF is 17.25 miles from the Michael Army Airfield
runway and at nearly a right angle to it. Thus, on the basis of this data, the PFSF would
not be affected by crashes associated with near airport operations at Michael Army
Airfield.
In summary, the established weight of authority shows that near-airport crashes are
considered to occur only within 10 miles of airports. In addition, the PFSF is located
nearly at right angles (90°) from the direction of flow for takeoff and landing traffic at

The DOE ACRAM Study does define the near airport environment as the airspace area "extending from
the center of the airport outwards to a radius of approximately 5 to 35 miles depending on the presence (or
absence) of a TRACON and other air traffic control considerations" and the non-airport environment as the
"TRACON and the En route/In-Flight Environments" (Id. at pp. 1-8 and 54) (Tab C). On page 5-1, the
reference similarly states that as aircraft leave "I 1,000 feet Mean Sea Level and approximately 35 miles
from its destination the aircraft is handed over for guidance from the ARTCC to the TRACON." (id. at p.
5-1) (Tab C). These statements of near-airport operations are, however, based on air traffic control, and not
air crash, considerations. As discussed in the text above, the data from the DOE ACRAM Study shows that
the PFSF is beyond the area of near-airport operations for Michael Army Airfield.
62

-59-

Michael AAF (Tab K), which puts the PFSF in the low risk quadrant runway alignment
for any crash.
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VII.

CRASH HAZARDS POSED BY MILITARY HELICOPTERS

As indicated in Section IV above, crashes of military helicopters do not pose a hazard to
the PFSF. Of the total 8,284 sorties flown in the UTTR South Area in FY 1998. only 91
were helicopter flights, which represents less than 1.5 % of the total. (Most of the
helicopter flights on the UTTR take place in the North Area.) Helicopter flights are not
regularly scheduled to fly in Skull Valley. Furthermore, the DOE-STD-30 14-96 states
(pp. 4546) that the contribution to impact frequencies associated with helicopter flights
away from the immediate vicinity of their home site is insignificant and need not be
considered in impact frequency calculations. Helicopters are neither particularly heavy
nor particularly fast, and they generally auto-rotate straight down to the ground in the
event of a failure leading to a crash. The DOE Standard assumes conservatively that
crashing helicopters deviate no more than 0.25 miles from their flight path.
Consequently, because the PFSF is 2 miles from UTTR airspace and because helicopters
do not regularly fly down Skull Valley (and hence will not fly over the site), helicopters
would pose no significant risk to the PFSF.
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SECTION VIII INTENTIONALLY REMOVED

SECTION IX INTENTIONALLY REMOVED

X.

ORDNANCE CARRIED BY MILITARY AIRCRAFT

In this section PFS assesses the impact risk posed to the PFS by 1) "hung" ordnance
carried on aircraft attempting to deliver ordnance on the UTTR, 2) ordnance delivered in
air combat training on the UTTR, and 3) ordnance carried by F-I 6s transiting Skull
Valley.
A.

Hung Ordnance

For a munition to become a "hung ordnance." an attempt to release it must first be made.
If it does not release. it is termed "hung ordnance." It may thereafter come loose on its
own because its release sequence has been run, so special care is exercised to prevent
unintentional damage from this. It is not credible that an unintentional release of hung
ordinance would impact the PFSF. In response to an 18 December 1998 FOIA Request.
the U.S. Air Force specifically stated the UTTR has never experienced "an unanticipated
munitions release outside of designated launch/drop/shoot boxes" (Tab J). There are
none of these in Skull Valley. Consequently, no such release has ever occurred in Skull
Valley. In addition. aircraft overflving Skull Valley are not allowed to have their
armament switches in a release capable mode. All switches are "Safe" until inside
Department of Defense (DOD) land boundaries within the UTTR. Master Arm switches
are not actually armed until the aircraft are on the restricted area ranges within the UTTR
where the bombs are to be dropped: consequently. the essential elements of the release
will not have been executed. In addition. each weapon tested on the UTTR has a run-in
heading to the target established during the safety review process. Footprints, time of
fall, altitude at release and release airspeed dictate the heading allowed. No run-in
headings are over the Skull Valley area.
The probability of a 'hung ordnance" and an unintentional release of the ordnance in
Skull Valley are very low since most aircraft do not even carry live ordnance but instead
carry training ordnance such as Bomb Dummy Units (BDU) or inert filled or empty
Mk82 500 lb. bombs. The weight of these bombs absent explosive charges poses little
risk to the PFSF site. BDU-33 s have ballistic characteristics similar to Mk 82 bombs but
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carry only a small smoke charge for marking purposes. They weigh only 25 pounds and
are often the weapon of choice for training missions. According to the U.S. Air Force,
approximately 15% of the 13,367 UTTR sorties flown in Fiscal Year 1998 actually
carried live ordnance. Second the probability that ordnance will "hang' is very low.
Michael AAF is the designated primary airfield for aircraft landing with live hung
ordnance that has failed to release. In response to a 25 January 1999 FOIA Request, the
U.S. Army stated there were onlv five hung ordnance aircraft diversions/recoveries into
Michael AAF during 1998 (Tab Q). Since only approximately 15% of the aircraft sorties
carry live ordnance, a total of only five hung ordnance recoveries in 1998 for a total of
about 2,000 sorties (approximately 15% of the 13,367 over the UTTR) produces a
probability for failing to release of approximately one in 400. Moreover. a failure to
release does not mean there will be an inadvertent release or an inadvertent release and
explosion. As indicated above, the Air Force has never had an unintentional release of
ordnance outside the launch/drop/shoot boxes on the UTTR. All of these are obviously
within the UTTR and over 20 statute miles from the PFSF site.
Finally, the probability of a "hung bomb' striking the PFSF is not credible because
aircraft carrying hung bombs do not fly over Skull Valley. In the event of hung
ordnance. according to the U.S. Air Force. the first priority is to maintain aircraft control
and then assess the situation and tak-e appropriate action. Pilots contact Clover Control
Air Traffic Control Facility and advise them of the situation. When hung ordnance is
encountered, the pilot has the option of either jettisoning the rack and munitions on the
range, if able, or recovering to a designated landing base. Michael AAF is the designated
primary recovery base for hung ordnance. although Hill AFB is available as well. Pilots
request clearance to Michael AAF for a hung ordnance recovery/landing. Pilots maintain
a stable flight path and remain in Visual Meteorological Conditions by avoiding clouds.
Clover Control provides assistance as required and ensures Michael AAF is prepared to
receive the aircraft to include fire fighting equipment and medical personnel standing by.
The pilot maneuvers the aircraft to approach from the northwest, approximately 20
statute miles from the PFSF site, and proceeds to Michael AAF. avoiding rapid or steep
turns and abrupt climbs or descents. Test facilities or any populated areas are avoided. A
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long straight-in approach with a shallow rate of descent is established to a full stop
landing on runway 12 (to the southeast). Runway 12 is 13,125' long and 200' wide with a
barrier cable at the end. After landing, Dugway Proving Ground Explosive Ordnance
Disposal personnel inspect and safe the bombs.77
The UTTR record of no unintended release of live ordnance outside of designated target
areas and the procedure for landing aircraft with hung ordnance, which avoids populated
areas and approaches Michael Army Airfield from the northwest, produces a subjective
probability of zero for hung ordnance impacting the PFSF. Consequentlv, hung ordnance
striking the PFSF is not a credible event.
B.

Air-Delivered Ordnance Used on the UTTR

It is not credible that air-delivered ordnance on the UTTR would impact the PFSF. The
target closest to the PFSF at which aircraft drop ordnance is target "TS-2," which is
located 21 miles west of the PFSF. The major area for dropping air-delivered ordnance
on the UTTR South Area is the Wildcat Mountain target complex, which is located over
27 miles west by northwest of the PFSF. Furthermore, no run-in headings for weapons
delivery transit over the Skull Vallev area. See Section IV.B.
Weapon systems that have a capabilitv of exceeding range boundaries, such as cruise
missiles, are required to have a Flight Termination System (FTS) installed prior to testing
on the UTTR. The FTS systems are designed to destruct the weapons and terminate the
weapons flight path in the event of an anomaly. Most importantly, the Air Force has
indicated that the UTTR has never experienced an FTS failure (Tab J). Thus, it is
extremely unlikely that a weapon would leave the range and strike the PFSF.
Additional risk reduction procedures are employed as well. For example, the AGM-65
Maverick is a tactical air to surface missile with launch-and-leave self-homing capability.
It has a range of up to 14 miles. while the closest range where such live ordnance is

" 388 TFW FOIA 18 DEC 98.
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expended is 21 miles from the PFSF site. To add an extra margin of safety, Mavericks
are not even fired in the direction of the PFSF site.
As indicated above, the U1TR has never experienced an unintended munitions release.
including air-to-air and air-to-ground munitionis, outside of designated launch/drop/shoot
boxes and the nearest of which to the PFSF site is 21 rniles awav. The UITR has also
never experienced an FTS failure. Therefore, it is reasonable to assign a subjective
probability of zero to air-to-air or air-to-ground munitions fired or dropped on the UTTR
striking the PFSF. Consequently, air-delivered ordnance, striking the PFSF, is not a
credible event.
C.

Ordnance Carried By F-16s Transiting Skull Valley

1.

Inadvertent Release

In response to an 18 December 1998, FOIA request, the U.S. Air Force specifically stated
that "No aircraft flying over Skull Valley are allowed to have their arnament switches in
a release capable mode. All switches are 'SAFE" until inside DOD land boundaries.
The UTTR has not experienced an unanticipated munitions release outside of designated
launch/drop/shoot boxes" (Tab J). During FY 1998 there were 13,367 total sorties in the
UTTR with 5.083 in the North and 8.284 in the South. In earlier years. during the Cold
War, the sortie rate was higher: e.g.. 27,000 sorties were flown on the UTTR in
FYI988.7 8 All were accomplished with obviously no inadvertent munitions releases
outside of designated launch/drop/shoot boxes. Consequently, an inadvertent weapons
release from an F-16s transiting Skull Valley impacting or affecting the PFSF is not a
credible event and it is reasonable to assign a subjective probabilitv of zero to such an
event.

n Preliminarv Draft Environmental Impact Study. Electronic Combat Test Capability Utah Test and
Training Range, United States Air Force (Julv 1989), at 4.11-27.
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2.

Ordnance Carried on Crashing Aircraft

In Section III, PFS calculated the probability that an F-16 transiting Skull Valley would
crash and impact the PFSF to be 2.05 x 10- per year. Further, PFS has calculated the
cumulative probability that a crashing aircraft would impact the PFSF to be 5.62 x

10-7

(see Section XII, infra), well below the regulatory standard of 1 x 106 per year.
Therefore, aircraft crashes do not pose a credible hazard to the PFSF whether or not the
aircraft are carrying ordnance. Accordingly, PFS does not need to assess the potential
consequences of an F-16 carrying ordnance crashing at or nearby the PFSF.
Further, the probability of an F- 16 crashing into the site carrying live ordnance is much
less than the above probabilities. The only F-16s that might crash into the PFSF while
carrying ordnance are those that crash due to some cause other than engine failure, in that
pilots of F- I6s crashing due to engine failure would jettison their ordnance before
ejecting. The fraction of F- I 6s crashing due to some cause other than engine failure has
been conservatively taken to be 10 percent. See Section III. Thus, the probability that
such an aircraft would impact the PFSF is given by N x C x A/W x 0.1. or 1.42 x 10-7. As
one can see from Table 4 below, fewer than 5 percent of all F- 16 sorties carry live bombs
or missiles. Thus, the probability that an F- 16 transiting Skull Valley with such live
ordnance on board would crash into the PFSF is about 7 x 10-9 per year (1.42 x 10-7
multiplied by 0.05). This calculation conservatively assumes that such F-16s would be
uniformly distributed across the MOA whereas, not only is their predominant route of
choice down the east side of the valley as discussed Section III above, but planes flying
with live ordnance avoid over-flight of populated areas to the maximum extent
possible."79
Ordnance jettisoned by a pilot with engine failure may, however, potentially impact the
site apart from the F-16 itself. Accordingly, PFS analyzes the probability ofjettisoned
ordnance posing a potential hazard to the PFSF separately below.

Memorandum from Col. Ronald G. Oholendt, USAF (Oct. 26, 1999), provided under the Freedom of
Information Act (Tab P).
79
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3.

Jettisoned Ordnance from Crashing Aircraft

As discussed in Section III.A.2, in the event of engine failure, F-I 6 pilots are trained to
climb to gain altitude and reduce airspeed and jettison their extemal ordnance and fuel
tanks, if applicable. Jettisoning ordnance is an intentional procedure undertaken by the
pilot to release ordnance and/or other extemal stores, such as external fuel tanks, in order
to lighten the aircraft and to reduce drag.
For an F- 16 flying down Skull Valley, any live ordnance that it was carrying would not
be armed when jettisoned because the arming sequence would not have been initiated by
the pilot and hence the ordnance could not explode upon impact. Pilots fly with their live
weapons unarmed or safed" until ready to drop for detonation on the range. Arming
requires specific switch actions which must be intentionally initiated by the pilot. As
indicated previously, no aircraft over-flying Skull Valley are allowed to have their
armament switches in a release capable mode, and all switches are 'safe" until inside
DOD land boundaries.
According to the U.S. Air Force, the probability that bombs will explode if they are not
armed "is remote" (Tab Q). Inert or dummy ordnance does not contain explosives and
thus cannot explode under any circumstances. Thus. as a practical matter, the only
potential hazard to the PFSF from either live or inert ordnance jettisoned from F-16s
suffering engine failure while transiting Skull Valley is from the inertial dead weight
impact of the ordnance.
Although it is unlikely that jettisoned ordnance would hit the PFSF, PFS has nevertheless
calculated the probabilitv that jettisoned ordnance would impact the PFSF, conservatively
assuming that F-16 flights are uniformly distributed across Skull Valley and no steps are
taken by the pilot to avoid jettisoned ordnance from striking populated areas and
structures, such as the PFSF. Because the F-16s in Skull Valley fly from north to south,
jettisoned ordnance which could potentially impact the PFSF would in all likelihood
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come from an aircraft directly north of the site. 80 Thus, the probability that jettisoned
ordnance would hit the PFSF, PO. can be calculated as the product of the number of
aircraft that would fly directly overhead the PFSF with ordnance (i.e., fly from a point
north of the site to a point south of the site) and the number of such aircraft that would
jettison their ordnance at points from which the ordnance would strike the PFSF cask
storage area or canister transfer building.
If it is assumed that the F-16s in Skull Valley are evenly distributed across the valley
(which is conservative, given their predominant route of choice down the east side of the
valley and the avoidance of over-flights by aircraft carrying live ordnance of populated
areas to the maximum extent practicable), the number of aircraft flying directly over the
cask storage area per year with ordnance is equal to the number of sorties per year. N,
times the width of the cask storage area Wsa, divided by the width of the valley, W, times
the fraction of aircraft carrying jettisonable ordnance, f. The likelihood that each of
those aircraft would jettison their ordnance such that it would hit the cask storage area is
equal to the aircraft crash rate per mile. C. times the fraction of crashes precipitated by
engine failure. e,8 times the depth of the cask storage area. da. (i.e.. the space in which
an aircraft would have to release its ordnance in order for it to impact the area). The
same relationship would hold true for the CTB except the width of the CTB. WCtb and the
depth of the CTB. dc,b, would be the applicable dimensions. 8 2 Therefore. the probability,
P., of jertisoned ordnance hittingt the PFSF is as follows:

so F-i 6s conducting air-to-air combat training on the UTTR (the source of potential U1TR crashes affecting
the PFSF) would not be carrving live or inert bombs or missiles and similarly F-16s returning to the Hill
AFB via the Moser recovery route would have expended any such ordnance on the range before returning
to Hill AFB. Accordingly, these aircraft would not present an ordnance impact hazard to the PFSF.
s' This assumes, consistent with PFS's assumption underlying the calculations in Section 111.6 that crashes
not precipitated by engine failures are sudden events in which the pilot does not retain control of the
aircraft. It is assumed in such a case that the pilot ejects from the aircraft without maneuvering or
jettisoning fuel or ordnance and that the aircraft falls to the ground in the direction it was flying at the time
of the incident leading to the crash.
The actual dimensions of the cask storage area are used in this calculation because ordnance jettisoned
from an aircraft at a height of 1,000 ft. or more would impact the ground at a steep (i.e., more vertical)
82

angle.
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P = N-W,/w fC e d+

N-WctWW f C-edcd
0

Calculation of the fraction of F-I 6s carrving jettisonable ordrnance. f. depends on the
number of sorties carrying ordnance and where they fly. The U.S. Air Force has stated
that the F-16s flying on the UTTR dropped the following types and quantities of
ordnance in FYI 998:83
Table 4 Ordnance Carried by F-16s on the UTTR in FY98'
Ordnance

Sorties

Mk 84 2,000 lb. Bomb

Total Number of
Munitions Carried
156

(live) 5

Mk 84 (inert)

38

89

Mk 82 500 lb. Bomb (live)

166

544

Mk 82 (inert)

355

1,029

AGM-65 Maverick

4

4

CBU-87 1,000 lb.
Cluster bomb

4

16

Air-to-Air Munitions

0

0

800

7.205

BDU-33 25 lb.
Training Bomb

The Air Force has indicated that almost all the above ordnance delivered by F-16s on the
UTTR is delivered on the UTTR South Area. Not all F-16s flying from Hill Air Force
Base to the South Area to deliver ordnance transit Skull Valley but some instead fly
directly into the UTTR restricted areas from the north or northeast. Therefore, the sorties
carrying ordnance as shown in the table must be distributed over all the F-1 6 sorties on

Memorandum from Col. Ronald G. Oholendt, USAF (Oct. 26. 1999), obtained under Freedom of
Information Act (Tab P).
83

F-16s also carry 510 rounds of 20mm ball ammunition on each sortie. The ammunition is carried
internally and cannot be jettisoned and hence does not pose a hazard to the PFSF.
84

85

The 2,000 lb. bomb and 500 lb. bomb include laser-guided bombs in those weight classes.
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the UTTR South Area in order to calculate the number of aircraft transiting Skull Vallev
that will be carrying ordnance. 86
The Air Force has indicated that there were a total of 5,726 F-1 6 sorties on the South
Area in FY98 and that 3,871 F-16 sorties transited Skull Valley. See Sections III.A.I and
IV.A. Also, of the munitions in the table above, the BDU-33 training bombs are
normally not rigged to be jettisoned from the F- 16 when the pilot jettisons stores, so those
munitions could not hit the PFSF independent of the F-16 hitting the site.8 7 Therefore, if
we assume that the 678 F- 16 sorties carrying jettisonable ordnance are distributed evenly
across all F-1 6 sorties on the UTTR South Area, the fraction of F-16 sorties carrying
jettisonable ordnance, f, would be equal to 678/5726 = 0.118.
For the F-I 6s flying down Skull Valley, as indicated in Section III.A, the number of
sorties is equal to 3.871, the width of the PFSF (full cask storage area) is equal to 1,520
ft. (0.2879 mi.), the effective width of the valley is equal to 10 mi., 88 the fraction of
aircraft carrying jettisonable ordnance is equal to 0.118, the crash rate is equal to 2.736 x
Io-8 per mile. the fraction of crashes precipitated by non-catastrophic engine failure is
0.90, and the depth of the cask storage area is 1.590 ft. (0.3011 mi.). For the CTB, the
values of the variables are the same except that the width of the CTB is 100 ft. or
0.01 89 mi. and the length of the CTB is 260 ft. or 0.0492 mi. (SAR Fig. 4.7-1). Using
the foregoing data. the annual probability that jettisoned ordnance would strike the PFSF,
assuming it were fully loaded with 4000 casks. is equal to:
P 0 = 3.871 x 0.2879/10 x 0.118 x 2.736 x 10-8 x 0.90 x 0.3011 + 3,871 x
0.0189/10 x 0.118 x 2.736 x 10-8 x 0.90 x 0.0492, or

86

Phone conversation between Brig. Gen. James L. Cole, USAF (Ret.) and Colonel Craig Lightfoot, USAF

Commander of the UTTR (Nov. 11999).
S7

Conference with Col. Ronald Fly. USAF (Ret.), (Oct. 16. 1999); Memorandum from Col. Ronald Fly,

USAF (Ret.) (Oct. 21. 1999) (Tab E).
's The actual width is 12 miles. but the easternmost two miles would not usable bv many aircraft because
the altitude of the ground there begins to approach the ceiling of the Military Operating Area.
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PO= 9.85 x 10-8
Thus, the probability ofjettisoned ordnance impacting the PFSF is well below the NRC's
standard for credible design basis events for spent fuel facilities of I x 106 per year.
Further, the above calculation is highly conservative for the following reasons:
*

First, the calculation assumes that the F- 16 flights are distributed evenly
across Skull Valley, when in fact their predominant route of choice is down
the east side of the valley and aircraft carrying live ordnance avoid flying over
inhabited areas to the maximum extent practicable.

*

Second, the calculation assumes that the entire area within the cask storage
area contains spent fuel storage casks, when in fact it contains a significant
amount of open space. The cask storage pads are 30 ft. wide and are spaced
30 ft. apart and moreover there is 150 ft. between each of the four quadrants
of storage pads as well as space between each cask on a pad. (PFSF SAR Fig.
1.2-1). Thus, from the perspective of a piece of ordnance that does not
explode, falling north to south at a steep angle, parallel to the rows of storage
pads. over half of the cask storage area is open space in which falling
ordnance would not damage a cask. 88AI

*

Third, the calculated annual probability of 9.85 x 10-8 is for a full) loaded
facility, which would be the situation for only a short period of time. The
annual calculated risk would be less for virtually the entire life of the facility,
even assuming full use of its licensed capacity. On average, over the expected
40 year life of the facility, the annual calculated risk for ordnance impacting
the PFSF would be roughly half of the 9.85 x 10-8 probability calculated
above, or about 4.9 x 10-8.

Therefore, the true probability that jettisoned ordnance would impact the PFSF is much
less than 9.85 x 10-8 per year. Thus, ordnance impacts do not pose a credible hazard to
the PFSF and need not be considered further in the licensing of the PFSF.

As shown on Table 4, more than half of the ordnance carried by F-16's on the UTTR is dummy
ordnance, which cannot explode. Further as discussed above the probability that unarmed live ordinance
would explode on impact is "remote." Therefore this conservatism is indeed a significant one as stated in
the text above.
SSAI
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D.

Assessment of Hazard to the PFSF from Remote Potential of Exploding
Ordnance

1.

Introduction

PFS has assessed above, for F-16s transiting Skull Valley, both the potential for crashing
aircraft to impact the PFSF (Section III) and the potential for jettisoned ordnance from
crashing aircraft to directly impact the PFSF (Section X.C). In this Section, PFS assesses
possible hazards posed to the PFSF by the remote potential for ordnance carried by F-16s
transiting Skull Valley to explode and to adversely impact the PFSF either when 1) a
crashing aircraft impacts the ground near the PFSF with ordnance aboard or 2) an aircraft
suffering an in-flight mishap jettisons its ordnance and the ordnance lands near the PFSF.
This assessment complements the previous assessments, in that it considers the potential
for ordnance (either aboard a crashing aircraft or jettisoned from a crashing aircraft) to
land near to the PFSF and to explode and damage a spent fuel cask apart from the direct
impact of the crashing aircraft or jettisoned ordnance.
2.

Hazard Posed by Exploding Ordnance

As discussed above, a release of armed ordnance by Air Force aircraft flying over Skull
Valley is not credible. Air Force aircraft carrying ordnance over Skull Valley are not
allowed to have their armament switches in a release capable mode. All switches are
"Safe" until inside Department of Defense (DOD) land boundaries within the Utah Test
and Training Range (UTTR). Master Arm switches are not actually armed until the
aircraft are on the restricted area ranges within the UTTR where the bombs are dropped.
Consequently, the essential elements of ordnance release will not have been executed
while the aircraft are over Skull Valley. Furthermore, the Air Force has stated that the
UTTR has never experienced "an unanticipated munitions release outside of designated
launch/drop/shoot boxes." (Tab J). Therefore, the only potential hazard to the PFSF
from the explosion of ordnance carried by Air Force aircraft would come from an
explosion of unarned ordnance that was either jettisoned from an aircraft or was onboard
the aircraft when it crashed.
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The U.S. Air Force has indicated that the likelihood of an unarmed bomb detonating
either after being jettisoned from an aircraft or after a crashing aircraft impacts the
ground is "remote." (Tab Q). PFS requested from the Air Force through the Freedom of
Information Act process for any records of such events and obtained information and
records from the Air Force which reflect that the potential for unarmed live ordnance to
explode on impact is in fact remote.8A2 Nevertheless, PFS calculates the probability that
unarmed ordnance would land and explode close enough to a spent fuel cask at the PFSF
to potentially cause significant damage to a spent fuel storage cask or the Canister
Transfer Building.
The hazard to a spent fuel cask posed by an exploding bomb would arise from the
overpressure created by the explosion. While a bomb explosion will also create a spray
of bomb casing fragments. the hazard posed by such fragments to a robust concrete and
steel structure like a spent fuel storage cask or the Canister Transfer Building (CTB) at
the PFSF is exceeded by the hazard posed by the bomb's blast overpressure.

88B

According to Holtec Intemational, the design basis overpressure from an explosion for
the Holtec HI-STORM 100 spent fuel storage cask, xhich will be used at the PFSF, is 10
psi."C The HI-STORM 100 explosion design basis is conservative in that it is derived

SSA2 Letter from Louie F. Alley. Freedom of Information Act Manager. Air Force Safety Center, to Brig.
Gen. James L. Cole, USAF (Ret.) (January 21. 2000); fax from Paul Price, Air Force Safety Center, to
Brig. Gen. James L. Cole. USAF (Ret.) (January 26. 2000). The Air Force had no records of any such
events in the last 10 years. Going back further than 10 years, the Air Force could identify only two
instances ever, one in FY89 and one in FY85. of jettisoned live ordnance exploding upon impact (both
under controlled non-accident conditions). PFS followed up with further FOIA requests to the Air Force to
try to determine the cause of the incidents and what fraction of the total number of instances ofjettisoned
live ordnance they represented, but the Air Force responded that no records pertinent to PFS's requests
existed. Letter from Col. David R. Stinson, USAF. Deputy Director, Communications and Information
Systems, Headquarters, Air Combat Command. to Brig. Gen. James L. Cole, USAF (Ret.) (Apr. 27, 2000);
Letter from Airman Tymbika K. Johnson. I Fighter Wing FOIA Assistant Manager, to Brig. Gen. James
L. Cole, USAF (Ret.) (Mar. 27, 2000). The virtual lack of such records confirms the Air Force conclusion
that the likelihood of an unarmed bomb detonating either after being jettisoned from an aircraft or after a
crashing aircraft impacts the ground is "remote." (Tab Q).

S8B Evaluations of Explosions Postulated to Occur on Transportation Routes Near Nuclear Power Plants,
Reg. Guide 1.91, Rev. I (Feb. 1978) at 1.
rc Holtec HI-STORM 100 TSAR at 3.4-66 to -69.
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from the explosive force required to tip over a cask, not the force required to breach the
cask. In fact, as indicated in the PFSF SAR, tipping over a cask, alone, would not cause a
release of radioactive material.

SSD

Similar to a spent fuel storage cask, the hazard to the steel-reinforced concrete
construction CTB would also arise from the explosion overpressure. PFS has determined
that the overpressure design basis for the CTB is 1.5

psi.SSE

This limit is also

conservative for purposes here, in that the building also contains heavy intemal walls and
the great majority of the time that spent fuel is within the CTB it is also protected by
either a storage cask or a transportation cask, and, for the relatively short remaining time,
protected within a transfer cask.
3.

Approach for Calculating Hazard from Potential Ordnance Explosion

The increase in the calculated hazard to the PFSF posed by the potential for the explosion
of unarmed bombs that are aboard crashing aircraft or that are jettisoned mav be
calculated as follows. The additional hazard to the PFSF from exploding ordnance (apart
from the direct impact of the crashing aircraft or jettisoned ordnance calculated in
previous sections) is the possibility that a bomb that impacts the ground near the PFSF
without hitting it would explode close enough to a cask or the CTB to damage it. For the
purpose of this calculation, that probability will be defined as the probability of a "near
miss." Direct impacts by unarmed bombs (either jettisoned or aboard a crashing aircraft)
are excluded from this calculation. in that, as noted above, PFS has already calculated the
probability that a bomb jettisoned from a crashing aircraft or a crashing aircraft itself
(whether carrying ordnance or not) would directly impact the PFSF.

SSD

PFSF SAR at 8.2-34 to -35.

88E

PFSF SAR at 8.2-23c.

88F

For the purposes of this analysis. direct" impacts include those impacts in which a crashing aircraft first
hits the ground in front of the PFSF but then skids into a spent fuel cask or the CTB before coming to a
stop.
88F
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"Near misses" at the PFSF could occur in two ways. First, an aircraft carrying live (but
unarned) ordnance could impact the ground near the PFSF and the ordnance could
explode close enough to a spent fuel cask (or the CTB) to exceed the design basis
overpressure for the cask (or the CTB). This category would also include cases in which
an aircraft carrying live but unarmed ordnance impacted the ground some distance from
the PFSF and skidded to a point close enough to the PFSF that the explosion of the
ordnance on board would exceed the design basis overpressure for a cask or the CTB.
For the purpose of this analysis, although the Air Force has indicated that unarmed
ordnance will not explode, PFS will assume that ordnance onboard aircraft explodes at
the worst possible location at any point along the "skid distance" for the aircraft (i.e., it
explodes at the point along the skid distance closest to a spent fuel cask or the CTB).
Second, a "near miss" could occur if live ordnance jettisoned from a crashing aircraft
impacted the ground near the PFSF and exploded close enough to a cask or the CTB to
exceed the design basis overpressure.
a.

Live Ordnance Onboard Crashing Aircraft

In the first case, in which an aircraft carrving live ordnance impacts the ground near the
PFSF, the probability of a near miss (per year) is calculated similarly to the probability of
a direct impact on the PFSF:
Pnmi = N x C x Anml/W x Fl0 x Pe
where N is the number of flights per year. C is the crash rate per mile. W is the width of
the airway or equivalent. Anmi is the area in which the aircraft could impact the ground
and cause a near miss (i.e.. not a direct impact but one close enough for exploding
ordnance to cause significant damage at the PFSF), Fl, is the fraction of aircraft crashing
with live ordnance onboard. and P is the probability that the ordnance onboard actually
explodes.
The near miss area in the first case. Anml, is defined by a band around the outside of the
effective area of either the cask storage area or the CTB, in which an aircraft could strike
the ground such that the ordnance onboard would explode and cause damage without the
- 83d -

aircraft directly impacting the PFSF. As shown earlier in Section III.A.3, in calculating
the aircraft impact hazard to a facility on the ground, the assumption is made that the
aircraft is approaching from the direction at which the facility presents the largest target
for the aircraft to hit it, which is perpendicular to the longest diagonal of the facility. If
the same assumption is made here, Anm is defined as shown in Figure 4, by a band
around the outside of the skid area for the PFSF, where the skid area (which is part of the
PFSF effective area as calculated in Section III.A.3) is the area in front of the PFSF in
which a crashing aircraft (with or without ordnance onboard) could strike the ground and
then skid to impact the facility.
PFS does not add a band to account for aircraft impacting just behind the PFSF, in that an
aircraft can only impact the ground behind the PFSF if flies over the facility without
hitting anything first. This gives rise to the "shadow area" behind the facility, which is
part of the facility's effective area but which in fact represents cases in which the aircraft
would directlv impact an elevated portion of the facility before striking the ground behind
it. See Section III.A.3. In the case of the PFSF, the depth of the shadow area is greater
than the explosive radius of a 2.000 lb. bomb, for both the cask storage area and the CTB.
Thus, it is not possible for exploding ordnance carried on an aircraft that impacts just
behind but does not hit the PFSF to breach a spent fuel storage cask or significantly
damage the CTB.
The practical effect of the ordnance explosion is therefore to expand the skid area (in
front of the facility and on both sides) by an amount equal to the explosive radius of the
ordnance, re.8G Anm is the area by which the skid area (as calculated in Section III.A.3)
is increased by virtue of the assumed potential for ordnance explosion and is given by:
AnmI = r(Lf + W + 2S) + 7rre2

SaG

Aircraft impacting the ground within the skid area with ordnance onboard that exploded could also

damage the facility. Nevertheless, the direct impact calculation already assumes that all aircraft that impact
within the skid area also skid and impact the facility. Thus, this calculation does not include aircraft

impacting within the skid area, in that to do so would be to count those aircraft twice.
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where Lf is the length of the facility (either the cask storage area or the CTB at the PFSF).
Wf is the width of the facility, and S is the skid distance.S,
The other factors needed to calculate Pnmi, the fraction of aircraft crashing with live
ordnance, Fl, and the probability that the ordnance will explode, P,, are derived below.
b.

Live Ordnance Jettisoned from a Crashing Aircraft

In the second case, in which live ordnance is jettisoned from a crashing aircraft, a near
miss would occur, i.e.. the ordnance would cause harm at the PFSF, if it landed close
enough to the facility and then exploded. The probability of a near miss in that case
would be expressed as:
P,2 =N X Cx Anm 2/W x Fo xP.
where N is the number of flights per year, C is the crash rate per mile. W is the width of
the airway or equivalent. Anm is the area in which the jettisoned ordnance could impact
the ground and cause a near miss (i.e., one close enough for an explosion to cause
significant damage at the PFSF), Fjlo is the fraction of aircraft crashing that jettison live
ordnance, and P, is the probability that the jettisoned ordnance actually explodes.
The near miss area in the second case. A,,. is defined, as shown in Figure 5. by a band
around the facilitv in question with a width equal to the explosive radius of the ordnance.
re. In the case ofjettisoned ordnance. the relevant facility area is the literal area rather

than the effective area. in that ordnance will impact the ground at a steep angle relative to
a crashing aircraft. See Section X.C.3. Thus. the area is given by:
A.,2 = 2re(Lf + Wf) + 7rre 2
where Lf is the facility length and Wf is the facility width, and re is the explosive radius.

The expression L + Wf + 2S is the outer perimeter of the skid area, while the term r,2 accounts for the
comers in the band around the skid area.
S8H
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4.

Determination of Other Factors for Calculating Hazard from Ordnance
Explosion
a.

Calculation of Bomb Explosive Radius

As stated above, to deternine the probability that an unarmed bomb would impact the
ground and explode close enough to a spent fuel cask or the CTB to cause significant
damage, one must calculate the explosive radius of the ordnance, r. In this case. the
explosive radius is the distance from an explosion at which the cask or the CTB would
experience its design basis overpressure.
The overpressure caused by an explosion as a function of distance can be calculated
given the quantity and type of explosive involved. For bombs carried by Air Force F-1 6s
flying over Skull Valley, the relevant explosives are Tritonal, H-6, PBX or Minol 2.881 A
2,000 lb. bomb contains 945 lbs. of explosive and a 500 lb. bomb contains 192 lbs.
Taking PBX to be representative of the explosive in the bombs, the explosive in the 2.000
lb. bomb is equivalent to 1.075 lbs. of TNT; the explosive in the 500 lb. bomb is
equivalent to 218 lbs. of TNT."'J The distance at which an explosion of TNT on the
ground (where a crashing aircraft or jettisoned bomb would be located at the time of the
explosion) would create an overpressure of 10 psi (the limit for the spent fuel storage
casks) can be calculated from the following equation:
R = 9.5 W" 3
where R is the distance from the explosion in feet and W is the quantity of TNT in lbs.88K
Thus, an exploding 2,000 lb. bomb would create an overpressure of 10 psi at a distance of

8s1 Letter from Vickie Andersen, Freedom of Information Manager, Headquarters Ogden Air Logistics
Center, Hill Air Force Base, to Brig. Gen. James L. Cole, USAF (Ret.) (Feb. 12. 1999).
sSJ
Structures to Resist the Effects of Accidental Explosions, U.S. Army Technical Manual TM 5-1300

(Nov. 1990) at 2-7, 2-278. (Tab AA)
ssK Structures to Resist the Effects of Accidental Explosions. U.S. Army Technical Manual TM 5-1300

(Nov. 1990) at 2-56. (Tab AA)
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97.3 ft. from the explosion (i.e.. r = 97.3 ft.). An exploding 500 lb. bomb would create
an overpressure of 10 psi at a distance of 57.2 ft. from the explosion (i.e., r = 57.2 ft.).
The distance at which an explosion of TNT creates an overpressure of 1.5 psi (the limit
for the CTB) can be calculated from the following equation:
R = 33 W"/3

where R is the distance from the explosion in feet and W is the quantity of TNT in lbs.SL
Thus, an exploding 2,000 lb. bomb (1,075 lbs. TNT equivalent) would create an
overpressure of 1.5 psi at a distance of 338 ft. from the explosion (i.e.. r = 338 ft.). An
exploding 500 lb. bomb (218 lbs. TNT equivalent) would create an overpressure of 1.5
psi at a distance of 199 ft. from the explosion (i.e., r = 199 ft.).
b.

The Probability of Crashing With or Jettisoning Live Ordnance

The fractions Fl, and Fjlo, used to calculate the probability that a near miss would occur at
the PFSF, respectively represent the probabilities that 1) a crashing aircraft would impact
the ground with live ordnance onboard (whether or not it exploded) and that 2) a crashing
aircraft would jettison live ordnance. To impact the ground with live ordnance onboard,
an aircraft would have to be carrying live ordnance and then it would have to fail to
jettison the ordnance when it crashed. The data in Table 4 shows that 285 F-16 sorties
carried live ordnance on the UTTR in FY98. The fraction of those sorties that would
transit Skull Valley, as opposed to flving directly into the UTTR South Area. is assumed
equal to the number of total sorties transiting Skull Valley divided by the total number of
South UTTR F-16 sorties. That fraction is equal to 3.871/5,726 or 0.676. Therefore, the
number of F-16 sorties carrving live ordnance through Skull Valley is equal to 285 x
0.676 or 193. The fraction of F-16 sorties through Skull Valley carrying live ordnance is
thus equal to 193/3,871 or slightly less than 5 percent.

ssL TM 5-1300 at 2-56. (Tab AA)

- 83h-

The likelihood that an aircraft would fail to jettison the live ordnance it was carrying in
the event of a crash is equal to the probabilit) that the pilot would have to eject
immediately after the event leading to the crash. This is the same as the probability that
in an F- 16 accident in Skull Valley the pilot would not be able to attempt to avoid the
PFSF. The probability was assessed in Section III.C.5.a to be 10 percent. Thus, F1 is
equal to 0.05 x 0.1 or 0.005.
To jettison live ordnance, on the other hand, an aircraft would have to be carrying live
ordnance and would have to jettison it in the event of an incident leading to a crash. As
calculated above, the fraction of F-I 6s transiting Skull Valley that carrv live ordnance is
slightly less than 5 percent. The fraction of aircraft that would jettison ordnance in the
event of a crash is simply equal to I minus the probability that they would not. Thus, the
probability that a crashing F- 16 would jettison its ordnance is equal to 1 - 0.1 or 0.9.
Therefore, Fj)1 is equal to 0.05 x 0.9 or 0.045.
c.

The Probability that Ordnance Would Explode

As discussed above. the probability that unarmed live ordnance would explode after
hitting the ground either when jettisoned or when carried on an crashing aircraft. Pe, has
been described by the Air Force as "remote. which is further supported by the scarcity of
Air Force records of such incidents. Thus. while the precise probabilitv is unknown, it is
very low. For the purpose of this calculation. PFS assumes that the probability that
unarmed ordnance onboard a crashing aircraft or jettisoned from a crashing aircraft
would explode is equal to I percent. In the professional judgment of Gen. Cole, Gen.
Jefferson, and Col. Fly, given Air Force statements regarding the remote likelihood that
unarmed ordnance would explode. and the absence of records of such events in recent
history, this assumption is conservative. Nevertheless, PFS demonstrates that even under
this conservative assumption. the hazard to the PFSF posed by the potential for unarmed
ordnance to explode is minimal. Moreover, as can be seen below, even if the probability
of explosion was an order of magnitude higher (i.e., 10 percent rather than I percent), the
hazard to the PFSF posed by the potential explosion of live ordnance would remain
negligible.
- 83i -

Calculation of Probability Hazard from Potential Ordnance Explosion

5.

a.

Ordnance Carried Onboard Crashing Aircraft

Applying the equations derived above, the probability that unarmed ordnance carried
aboard a crashing aircraft would explode and damage a spent fuel storage cask in the cask
storage area at the PFSF is equal to:
Pnml

=

N x Cx Anm/W x Fl0 x Pe

where N = 3,871 (Section III.C.A.1) and C = 2.736 x 10-8 (Section III.C.2).
Anm, = re(L + Wf + 2S) + 7tr, 2
where, if PFS assumes conservatively that the live ordnance is a 2,000 lb. bomb, r = 97.3

ft, Lo= 1,590 ft., Wf = 1.520 ft., and S = 246 ft. (Section III.C.3.b). Thus, Anm
(1,590 + 1,520 + 2 x 246) + 3.1416 x (97.3)2

=

97.3

380.217 sq. ft. or 0.0136 sq. mi. W = 10

mi (Section III.C.4). Fl0 = 0.005 and P = 0.01. Therefore,
Pnml = 3.871

x 2.736 x 10 8 x 0.0136/10 x 0.005 x 0.01 = 7.20 x 10-12.

PFS applies the same equations to the CTB to calculate the probability that unarmed
ordnance carried aboard a crashing aircraft would explode and damage the building. For
the CTB, r = 338 ft.. Lf= 260 ft. (Section III.C.3.b). Wf= 200 ft. (at its widest point)
(PFSF SAR Fig. 4.7.1) and all other variables are the same. Thus. Anmi = 338 (260 + 200
+ 2 x 246) + 3.1416 x (338)- = 680.685 sq. ft. or 0.0244 sq. mi. Therefore,
Pnmi = 3,871 x 2.736 x 10 8 x 0.0244/10 x 0.005 x 0.01 = 1.29 x 1011
Thus, the cumulative probability that an unarmed bomb onboard a crashing aircraft
would explode and damage a spent fuel storage cask or the CTB (apart from the direct
impact of the crashing aircraft calculated in Section III above) is equal to 7.20 x 10-'2 +
1.29 x 10-1 = 2.01 x 0-".
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b.

Jettisoned Live Ordnance

Applying the equations derived above, the probability that jettisoned live ordnance would
explode and damage a spent fuel storage cask at the PFSF is equal to:
Pn,,,2 = N x C x An,,,2/W x FJl x P.
where N and C are as above.
Anz,2 = 2r,(L + Wf) + cr,2

If PFS again assumes conservatively that the jettisoned live ordnance is a 2.000 lb. bomb.
then re = 97.3 ft. All other variables are as above for the cask storage area. Thus. Ans =
2 x 97.3 (,590 + 1,520) + 3.1416 x (97.3)2 = 634,948 sq. ft. or 0.0228 sq. mi. As above,
W = 10 mi. and Pe

=

0.01. As calculated above, Fjl, = 0.045. Therefore,

P,,, = 3,871 x 2.736 x 10- x 0.0228/10 x 0.045 x 0.01 = 1.09 x 0
The same equations for jettisoned ordnance apply to the CTB. All variables are the same
as those applied for the CTB in the case of ordnance onboard a crashing aircraft. Thus,
A,,n2 = 2 x 338 (260 + 200) + 3.1416 x (338)2= 669.869 sq. ft. or 0.0240 sq. mi.
Therefore,
Pn,tT2 = 3,871 x 2.736 x 10 x 0.0240/10 x 0.045 x 0.01 = 1.14 x 10.
Thus, the cumulative probability that a jettisoned unarmed bomb would explode and
damage a spent fuel storage cask or the CTB (apart from the direct impact of the
jettisoned ordnance) is equal to 1.09 x 10-"
c.

+

1.14 x 10-10 = 2.23 x 10-10.

Live Ordnance Cumulatively

The cumulative probability that live ordnance either carried aboard a crashing aircraft or
jettisoned from a crashing aircraft would explode and damage a spent fuel storage cask or
the CTB at the PFSF is equal to sum of the probabilities calculated above: 2.01 x 0"
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+

2.23 x 10-' = 2.43 x 10-10. M This is far less than the probability that a crashing aircraft
or jettisoned ordnance would impact the site. Therefore, because the probability is so low
and because PFS's analysis is only based on the hypothetical possibility of an explosion
involving unarmed ordnance, such can be discounted as a risk to the PFSF.

The calculated risk to the PFSF from an explosion of live ordnance aboard or jettisoned from a crashing
aircraft is largely insensitive to the quantity of explosives involved in the explosion, because the explosive
radius, r, is proportional to the quantity of explosives to the 1/3 power. (The near miss area, a, is
approximately directly proportional to r.. and the risk to the PFSF is directly proportional to a,,,) Thus, for
example, if the quantity of explosives involved in the explosion were doubled, the risk would only increase
roughly by a factor of 2"3 or 1.25.
8SN
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SECTION XI INTENTIONALLY REMOVED

XII.

AIR CRASH IMPACT PROBABILITY SUMMARY

In this report, PFS has calculated the air crash impact probability for each category of
aircraft that could conceivably hit the PFSF in the event of a crash as well as for
jettisoned military ordnance. The results are shown in the table below.
Table 6 Calculated Aircraft Crash Impact Probabilities
Aircraft

Annual Probability

Skull Valley F-16s

2.05 x 10 '

UTTR Aircraft

7.35 x 10-8

Aircraft Using
the Moser Recovery

1.32 x 10-8

Aircraft on Airway IR-420

3.ox 09

Aircraft on Airway J-56

1.9 x 108

Aircraft on Airway V-257

1.2 x 10-'

General Aviation Aircraft

2.36 x

Cumulative Crash
Probability

5.62 x 10-'

Jettisoned Military Ordnance

9.85 x 10-8

Cumulative Hazard

6.60 x 10-7

10-7

Thus, the calculated aircraft crash impact risk to the PFSF as a whole, assuming a fully
loaded facility with 4,000 storage casks, is 5.62 x 10- per year. If the probability of
jettisoned military ordnance impacting the PFSF is added to that total. the cumulative
probability of an air crash or military ordnance impact at the PFSF is 6.60 x 0-7. That
probability is well below the NRC standard for aircraft crash impacts into spent fuel
facilities of I x 106 per year. Thus, aircraft crashes or jettisoned ordnance impacting the
PFSF are not credible events for which the facility needs to be designed.
Further, this calculated probability is highly conservative in many respects. Some of the
major conservatisms in the above calculated probability include the following:
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F-16s Transiting Skull Valley
*

The probabilities are calculated based on an uniforn distribution of flight
paths throughout Skull Valley, when in fact the predominant route of choice is
for the F-1 6s to fly down along the eastem side of the Valley well away from
the PFSF.

•

The crash rate used to calculate the impact probability was the I0-year
average rate rather than the more recent lower 5-year average. Further. the
crash rate conservatively includes all Class A and Class B mishaps which
include many mishaps that may not involve an aircraft crash that would
impact on the PFSF.

Military Training on the UTTR
*

PFS assumed for its analysis that the air-to-air flights in each restricted area
were uniforrnly distributed throughout the areas despite the fact that aircraft
on training missions within a range conduct their training toward the center of
the restricted area ranges rather than at their edges (i.e., away from the PFSF,
which is off-range) in order to minimize any potential for flying off the range
and into unrestricted airspace.

*

The true aircraft densitv near the PFSF is also lower than that assumed by PFS
in its calculation, in that the true density is most likelv governed bv the lower
of the number of flight operations over areas R-6402 and R-6406 rather than
the number of operations in each area independentlv. This is because aircraft
in air-to-air training require room to maneuver and the shape of area R-6406
(which has the highest operation density on the UTTR) near the edge of the
range closest to the PFSF is a narrow triangular-shaped area and aircraft could
only reasonably maneuver in that area in conjunction with operating in R6402.

*

In the event of an emergency (other than an engine failure) that would result
in a crash, calculations are based on the assumption that the aircraft (if it were
within 10 miles of the PFSF) would fly some distance up to its maximum
glide distance in a random direction before hitting the ground. In fact, in a
crash precipitated by an event requiring the pilot to eject immediately, the
aircraft would likely be uncontrollable (or fly into the ground) and it would
most likely quickly fall to the ground without flying a significant distance.

The Moser Recoverv
*

PFS conservatively assumed that 5 percent of all F-i 6 sorties on the UTTR
South Area would return to Hill AFB via the Moser Recovery. when the 5
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percent fraction is a conservative upper bound on the number of aircraft using
that route.
General Aviation
sevativey assumed that the density of general aviatio
r
ge density.
.
be eual to the Utah
in the vicini
Skull Vallev. vwithin
lated!
despite the fact that the facilitvy
;n
of such trafficise
wsty
the Sevier B MOA
negligible.
pr
MilitarT Ordnance
*

PFS conservatively assumed that the F- 16s in Skull Valley are evenly
distributed across the valley despite the fact that their predominant route of
choice is down the east side of the valley and that aircraft carrying live
ordnance avoid over-flights of populated areas to the maximum extent
practicable.

Thus. the true probabilitv of an aircraft crash impacting the PFSF is much less than the
calculated probabilitv set forth above.
Further, the above cumulative calculated crash probability is also conservative in two
other major respects. First, the calculated probability is for a fully loaded 4000 cask
facilit,v. which would be the case for only a short period of time. The average annual
impact probability is only slightly more than half the peak risk for a full facility,
approximately 55% of the calculated probability set forth in the above table, or about 3.6
x 0'7. -Second. xcept for light genc ral aviation aireaft. PFS has takcn no cedit in the
caleulated probabilitics set forth abovc foi thc fact that the stoiage casks uuid witlist d
the ipact of rny aiicaft that would crash into thc sitc without brcach of the spent fuel
canisters. This

sistanee of the casks to penetration further reduces significantly thc

probability of an aircraft crash orjetisoned ordnanee causing a rclcasc of radioactivit at
the PFS- n xecss of regulator rguirmnt
In summary. the likelihood of an aircraft crash or military ordnance impacting the PFSF
is truly non-credible and these events need not be considered further in the licensing of
the PFSF.
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XIII. AREA PLANNING GUIDE FOR MILITARY TRAINING ROUTES
The Department of Defense maintains an Area Planning Guide that provides guidance to
planners of military training routes normally located in non-military air spaces in the
United States as to how the routes are developed and where they mav be located.9 6 The
Guide is updated and revised every 56 days.
Chapter 5 of the Guide sets forth the coordinates for all nuclear power plants located in
the United States and the Introduction to the Guide contains the following policv
statement regarding the routing of low-level military training routes with respect to
nuclear power plants:

POLICY
A. Avoidance Locations. All IR [instrument route], VR [visual route] and
SR [special route] route segments on which flight below 1500 feet
AGL is perrnitted shall be aligned so that the route width is clear of
nuclear power plants which are listed in Chapter 5 of this section.
DOD Flight Information Publication AP/1 B. at . The Guide represents official
recognition bv the Department of Defense of the location of nuclear power plants and
reflects a policy of avoiding low-level overflights below 1.500 feet AGL over such
facilities.
Chapter 5 of the Guide also lists under a separate heading. "Radioactive Waste Sites." the
coordinates for the "West Valley, NY"; "Morris Operation, IL': "Humboldt Bay, CA";
and "LaCrosse. WI" facilities. However. the policv statement in the Introduction to the
Guide quoted above, which prohibits overflights of nuclear power plants below 1,500
AGL, does not reference these radioactive waste facilities. Thus. the Guide appears to
draw a clear distinction between overflights of nuclear power plants and nuclear waste
storage facilities based on the relative degree of risk. The Guide reflects official policy

96Department of Defense, Area Planning. Military Training Routes, North and South America, DOD Flight
Information Publication AP/I B (4 NOV 1999).
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on DOD's part for its various militarv flight branches to be aware of the location of
radioactive waste facilities but, unlike nuclear power plants. it does not expressly restrict
overflights of such facilities. As the previous evaluation has shown. these possible
overflights pose no credible hazard to the PFSF and need not be considered in the
licensing of the facility. After its construction, the PFSF as a "Radioactive Waste Site.
like other DOD recognized radioactive waste sites, presumably would be included in the
Guide so that military training route planners. as well as F-16 pilots transiting Skull
Valley, would be aware of the presence of the PFSF in Skull Valley.
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