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The blast effects of solid materials are best known. This is particularly
2’ trus for high-explosive materials. The blast pressures, impulses, durations,
snd other blast effects of an explosion have been well established. These ef-
fects are contained in this chapter. '

Unlike high-explosive materials, other solid, liquid, and gaseous explosive
materials will exhibit a variation of their blast pressure output. An explo-
slon of these materials is in many cases incomplete, and only a portion of the
total mass of the explosive (effective charge weight) is involved in the deto-
nation process. The remainder of the mass is usually consumed by deflagration
reaulting in a large amount of the material'’s chemical energy being dissipated
as thermal energy which, in turn, may cause fires or thermal radiation damage.

3-%. TNT Equivalency

The major quantity of blast effects data presented in this manual pertains to
the blast pressures output of bare spherical TNT explosive. These data can be
sxtended to include other potentially mass-detonating materials (Class 1.1) by
yelating the explosive energy of the "effective charge weight" of those mate-
tials to that of an equivalent weight of TNT. In addition to the energy out-
put, other factors may affect the equivalency of material compared to TNT.
Thence factors include the material shape (flat, square, round, etc.), the num-
ber of explosive items, explosive confinement (casing, containers, etc.), and
the pressure range being considered (close-in, intermediate or far ranges).
These other factors will be discussed later in this manual.

For blast resistant design, the effects of the energy output on explosive ma-

terial, of a specific shape, relative to that of TNT, of similar shape, can be
. J sxpressed as function of the heat of detonation of the various materials as
~ follows:

d
Hexp

Vg = Wexp 2-1

d
Hrnt

vhere

effective charge weight

]
(o]
]

Wexp = weight of the explosive in question

d
Hexp

heat of detonation of explosive in question

d
HTNT = heat of detonation of TNT

The heat of detonation of some of the more commonly used explosives are listed

in Table 2-1.

blaxt output associated with the shock effects of unconfined detonations (Sec-

) The above equation for the effective charge weight is related primarily to the
S tion 2-13). The effective charge weight produced by the confinement effects

2-7



TM 5-1300/NAVFAC P-397/AFR 88-22

317 the height of the triple point does not extend above the height of the

ptructure, then the magnitude of the applied loads will vary with the height
of the point being considered. Above the triple point, the pressure-time var-
fation consists of an interaction of the incident and reflected incident wave
pressures resulting in a pressure-time variation (Fig. 2-12b) different from
that of the Mach incident wave pressures. The magnitude of pressures above

‘gshe triple point is smaller than that of the Mach front. In most practical

#enign situations, the location of the detonation will be far enough away from
the structure so as not to produce this pressure variation. An exception may
sxiat for multistory buildings even though these buildings are usually located
at very low-pressure ranges where the triple point is high.

In determining the magnitude of the air blast loads acting on the surface of
#n above-ground protective structure, the peak incident blast pressures in the
Mach wave acting on the ground surface immediately before the structure are
oalculated first. The peak incident pressure P, is determined for this point
from Figure 2-9 using the scaled height of charge above the ground H_ /W /3 and
the angle of incidence a.

A similar procedure is used with Figure 2-10 to determine the impulse i, , of
the blast wave acting on the ground surface immediately before the structure.
An estimate of the other blast parameters may be obtained from Figures 2-7 and

3-8 by setting the values of P, and i., equal to the values of the peak inci-

dent pressure P and incident impulse i, of the mach wave, respectively. The
scaled distances corresponding to P, and i are determined from Figure 2-7.
The Ycaled distance corresponding to P., is used to obtain values of Pr, P_. 7,
IVA /3, U, Lw/w1/3 and Lw'/wl/3 w?ile Ehe sca%eg distan?e corresponding to i
{8 used to obtain values of i, 1.7, 1.7, ¢, /W /3 and ty /W .

2.13.3. Surface Burst

A charge located on or very near the ground surface is considered to be a sur-
face burst. The initial wave of the explosion is reflected and reinforced by
the ground surface to produce a reflected wave. Unlike the air burst, the re-
flected wave merges with the incident wave at the point of detonation to form
a single wave, similar in nature to the mach wave of the air burst but essen-
tially hemispherical in shape (Fig. 2-14).

The positive phase parameters of the surface burst environment for hemispheri-
cal TNT explosions are given in Figure 2-15 while the negative phase parame-
ters are given in Figure 2-16. A comparison of these parameters with those of
free-air explosions (Fig. 2-7 and 2-8) indicate that, at a given distance from
& detonation of the same weight of explosive, all of the parameters of the
surfsce burst environment are larger than those for the free-air environment.

As for the case of air bursts, protected structures subjected to the explosive
output of a surface burst will usually be located in the pressure range where
the plane wave (Fig. 2-14) concept can be applied. Therefore, for a surface
burst, the blast loads acting on structure surface are calculated as described
for an air burst except that the incident pressures and other positive phase
parameters of the free-field shock environment are obtained from Figure 2-15,
and theoretical negative phase blast parameters are shown in Figure 2-16.

2-13
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As for the case of an air burst, the curves presented in Figures 2-15 and 2-16
which give the blast wave parameters as_a_function of scaled distance, extend
only to a scaled distance Z = 100 ft:/lhl/3 (see section 2-13.1).

Blast parameters for explosives detonated on the ground surface other than
hemispherical TNT are listed in Table 2-2. These explosives include both un-
cased and cased high explosives, propellants and propelling charges as well as
pyrotechnic mixtures. The various shapes of the explosive materials are given
in Figure 2-17. The blast parameters for the various explosives are 1llus-
trated in Figures 2-18 through 2-49. For each explosive material considered,
the peak incident pressure P,, and scaled incident impulse3is/w is present-
ed as a function of the scaled ground distance Z; = Ro/W 1/3 from the point of
detonation. The charge weight W is equal to the actual weight of the explo-
sive material under consideration increased by the required factor of safety
(20 percent).

An estimate of the blast parameters other than incident pressure and impulse,
may be obtained from Figures 2-15 and 2-16. The scaled ground distance corre-
sponding to the 1ncident gressure Py s¢ /3 is used to obtain the values of P., P~
, P_7, tA/W and L, /W /3, In addition, this scaled ground dis-
< 1/3 . .

tance Zg = Rg/W is used to calculate the equivalent TNT design charge
weight W for pressure using the actual ground distance . The absolute val-
ues of the scaled blast parameters are obtained by multiplying the scaled val-

ues by the equivalent TNT design charge weight.

The scaled ground distance corresponding to the incident impulse requires a
graphical solution. The point corresponding to the scaled incident impulse
and scaled ground distance for the explosive material in question is plotted
on Figure 2-15. A 45 degree line is drawn through this point. The point
where the line intersects the scaled impulse curve corresponds to the scaled
impulse and scaled ground distance for the equivalent TNT_charge. This scaled
ground dlstance is then used to obtain the values of i_/W . /W L/ N S

/W , /W 1/3 and t, /W /3. In addition, this scaled ground dlstance and the
actual ground distance is used to calculate the equivalent TNT design charge
weight for impulse. The absolute values of the scaled blast parameters are
obtained by multiplying the scaled values by the equivalent TNT design charge
weight.

It may be noted that the above data for explosives other than TNT is limited
to surface bursts with container shapes indicated in Figure 2-17. This data
should not be extrapolated for scaled distances less than those indicated on
Figures 2-18 through 2-49. In addition, the blast pressure and impulse for
propellants and, in particular, the pyrotechnic mixtures were obtained from
tests which utilized booster charges to initiate the explosive material.
Therefore, the blast parameters for both of these materials should be consid-
ered as upper limits.

2-13.4. Multiple Explosions

When two or more explosions of similar material occur several milliseconds
apart, the blast wave of the initial explosion will propagate ahead of the
waves resulting from the subsequent explosions, with the phasing of the propa-
gation of these latter waves being governed by the initiation time and orien-
tation of the individual explosives. If the time delay between explosions .is
not too large, the blast waves produced by the subsequent explosions will
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Positive phase shock wave parameters for a hemispherical TNT
explosion on the surface at sea level
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Table 2-1 Heat of Detonation and Heat of Combustion

Explosive Heat of Heat of
Name Symbol Detonation (ft-1b/1lb) Combustion (ft-1b/1b)
Baratol - 1.04 E+06
Boracitol - 5.59 E+06
BTF 2.37 E+06
Composition B Comp B 2.15 E+06 3.91 E+06
Composition C-4 Comp C-4 2.22 E+06
Cyclotol 75/25 - 2.20 E+06 3.68 E+06
DATB/DATNB 1.76 E+06 4.08 E+06
DIPAM 1.89 E+06
DNPA 1.48 E+06
EDNP 1.72 E+06
FEFO 2.03 E+06 »
HMX 2.27 E+06 3.31 E+06
HNAB 2.06 E+06
HNS 1.99 E+06
1X-01 2.41 E+06
1X-02-1 1.99 E+06
1X-04 1.99 E+06
1X-07 2.08 E+06
1X-08 2.77 E+06
1X-09-0 2.24 E+06
1X-10-0 2.17 E+06
1X-11 1.72 E+06
1X-14 2.20 E+06
NG 2.22 E+06 2.26 E+06
NQ 1.49 E+06 2.79 E+06
Octol 70/30 - 2.20 E+06 3.81 E+06
PBX-9007 2.18 E+06
PBX-9010 2.06 E+06
PBX-9011 2.14 E+Q6
PBX-9205 2.04 E+06
PBX-9404 2.18 E+06
PRX-9407 2.24 E+06 3.31 E+06
PBX-9501 2.22 E+06
Pentolite 50/50 - 2.14 E+06
PETN 2.31 E+06 2.70 E+06
RDX 2.27 E+06 3.20 E+06
TETRYL 2.11 E+06 4.08 E+06
TNETB 2.34 E+06
INT 1.97 E+06 5.05 E+06
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REVISED ADDENDUM TO AIRCRAFT CRASH IMPACT
HAZARD AT THE PRIVATE FUEL STORAGE FACILITY

Private Fuel Storage, L.L.C. (PFS) is filing this Revised Addendum to the “Aircraft
Crash Impact Hazard at the Private Fuel Storage Facility,” Rev 4 (Aug. 10, 2000) (“Report™), to
reflect additional information and analysis with respect to the aircraft crash hazard at the Private
Fuel Storage Facility (PFSF or Facility). This Revised Addendum both replaces and
supplements the January 19, 2001 Addendum to the Report.! It replaces the January 2001
Addendum by including all the relevant additional information that had been set forth in that
earlier Addendum and it supplements the January 2001 Addendum by including additional
information subsequently received and provided by PFS in response to the NRC’s requests for
additional information (RAIs) of March 9, 2001 regarding aircraft hazards at the PFSF.? PFS’s
responses to the NRC’s RAIs are attached as Tabs to this Revised Addendum and are

summarized and referred to as appropriate in this Revised Addendum. The PFS responses are:

) March 30, 2001 Letter from John L. Donnell, PFS Project Director, to Mark S.
Delligatti, NRC Senior Project Manager, Partial Response to Requests for
Additional Information (March 30 Response), answering those RAIs for which
PFS had the necessary information to provide a response (Tab FF).

. May 15, 2001 Letter from John L. Donnell, PFS Project Director, to Mark S.
Delligatti, NRC Senior Project Manager, Clarification to PFS March 30 Partial
Response’ (May 15 Clarification) (Tab GG).

. May 31, 2001 Letter from John L. Donnell, PFS Project Director, to Mark S.
Delligatti, NRC Senior Project Manager, Remaining RAI Responses and
Clarification (May 31 Response) (Tab HH).

In addition, PFS provides responses directly in this Revised Addendum to requests for
clarification communicated by the NRC Staff in a July 5, 2001 teleconference between PFS and
the NRC Staff. Tab II identifies the specific requests for clarification communicated by the NRC

" Addendum to Aircraft Crash Impact Hazard at the Private Fuel Storage Facility (Jan. 19, 2001) (January 2001
Addendum).

?March 9, 2001 Letter from Mark S. Delligatti, NRC Senior Project Manager, to John L. Donnell, PFS Project
Director, Requests for Additional Information.

3 These clarifications were requested by the NRC in a teleconference with PFS on April 25, 2001. See Tab GG.



Staff in that teleconference and identifies where in the Reviseq Addendum PFS addresses each

request for clarification.

The Revised Addendum is organized to follow the sections of the Report for which
additional information, clarification and analysis has been provided (either in the earlier January

2001 Addendum or in response to the NRC’s March 9, 2001 RAIs and subsequent requests for

clarification).

I.  F-16s TRANSITING SKULL VALLEY (SUPPLEMENTING SECTION III
OF THE REPORT)

A. Additional Data on Number of F-16 Sorties and F-16 Aircraft

PFS received new information in December 2000 regarding additional F-16 fighter
aircraft to be based at Hill Air Force Base (AFB) and the number of sorties the F-16s at Hill flew
through Skull Valley in Fiscal Years 1999 and 2000, which it provided in its January 2001
Addendum to the Report.* The information for F-16 sorties flown through Skull Valley was
based on Freedom of Information Act (FOIA) Responses providing the Sevier B MOA usage
reports (under which Skull Valley lies) for Fiscal Years 1999 and 2000.> PFS subsequently
obtained additional information in response to FOIA requests which it provided in its May 31
Response. Both the information provided in the January 2001 Addendum and that subsequently

obtained by PFS are set forth and summarized below.
1. Increased F-16 Sorties From Hill AFB®

PFS had previously obtained from the Air Force, and provided as part of its Report (at
page 5), the number of F-16 sorties through Skull Valley for Fiscal Year (FY) 1998, which was

3,871." Based on these previous communications with the Air Force, PFS had used the total

¢ January 2001 Addendum pagel, note 1.

% 388" Range Squadron, Airspace Manager, Annual Military Operating Area Usage Reports for Sevier B MOA,
dated November 12, 1999 and November 8, 2000. These Usage Reports were received by Brig. Gen. James L. Cole,
Jr., USAF (Ret.), on December 19, 2000 in response to the FOIA request. Thus, PFS obtained the Fiscal Year 2000
report six weeks after it was first published.

® This section of the Revised Addendum is taken virtually verbatim from the PFS May 311Response, pages 1-3, Tab
HH.

7 That number was provided to Brig. Gen. Cole, USAF (Ret.), in a series of conversations with Col. Charlie
Bergman, Deputy Chief of Safety, USAF, and Lt. Col. Dan Phillips, Office of the Chief of Safety, in late 1998 and
the first part of 1999. Subsequently, in response to a follow-up Freedom of Information Act (FOIA) request made in
the summer of 1999 for the documentary support of the 3,871 number, Hill AFB referenced as support for this
Footnote continued on next page



number of flight operations from the MOA usage reports for Sevier B, under which Skull Valley
lies, to determine the number of F-16 sorties transiting Skull Valley in FY 1999 and FY 2000 for

the revised calculations in its January 2001 Addendum.

In its most recent FOIA inquiries, PFS specifically requested how many of the total
number of flight operations for Sevier B for FY99 and FY00 represented F-16s transiting Skull
Valley en route to the UTTR.® Also, to follow-up on claims made by Lieutenant Colonel
Horstman, USAF (Ret), that F-16s transiting Skull Valley may fly above Sevier B airspace,’ PFS
at the same time requested the MOA usage reports for Sevier D (which lies above Sevier B) for
FY99 and FY00 as well as how many of the total number of flights from the MOA usage reports
for Sevier D represented F-16s transiting Skull Valley en route to the UTTR.'® In its responses,
however, Hill AFB stated that it was not possible to determine the exact number of the F-16s
transiting Skull Valley because no records are kept for Skull Valley transitions as a subset of
Sevier B and D MOA usage, but it did indicate that a majority of the flights are F-16s.""

Footnote continued from previous page

number, and as being applicable for Skull Valley, the Military Operating Area (MOA) usage report for Sevier A
instead of Sevier B under which Skull Valley lies. 388" FW Wing Response to FOIA Request of July 24, 1999.
(Sevier A is to the south and west of Sevier B and is also part of the route taken by those F-16s transiting Skull
Valley on their way to the South UTTR). Although there is a slight difference in the number of operations for FY98
shown on the MOA usage report for Sevier A (3,871) and the report for Sevier B (3,878), PFS has used 3,871 as the
applicable number (both for Skull Valley and Sevier B) because of the small differences between the two numbers
and because PFS had previously been provided the 3,871 number directly in responses to its requests for F-16 flights
transiting Skull Valley. Further, in subsequent years (FY99 and FY00) PFS has used the Sevier B MOA usage
reports since Skull Valley lies under Sevier B and not Sevier A. (In FY99, the flight operations shown on the Sevier
A and Sevier B MOA usage reports are identical and for FY00 there is a difference of one flight operation between
the two MOAs.)

¥ FOIA Request from James L. Cole, Jr., Brig. Gen. USAF (Ret.), to Mary Maynard, FOIA Manager Hill AFB
(February 13, 2001) (Feb. 13 FOIA Request).

? E.g., Declaration of Lt. Colonel Hugh L. Horstman, Air Force (Retired) in Support of the State of Utah’s Response
to PFS’s Motion for Summary Disposition of Contention Utah K and Confederated Tribes B (Jan. 30, 2001) § 16.

"% Feb. 13 FOIA Request. PFS also made the same request for Sevier D for FY98. FOIA Request from James L.
Cole, Jr., Brig. Gen. USAF -(Ret.), to Mary Maynard, FOIA Manager Hill AFB (February 12, 2001) (Feb. 12 FOIA
Request).

Mhits response to PFS’s February 13 FOIA Request (which had requested the number of F-16s transiting Skull
Valley en route to the UTTR included in the total flight numbers for Sevier B and Sevier D for FY$9 and FY00),
Hill AFB responded as follows:

No records are kept for Skull Valley transitions as a subset of the Sevier B and
D MOA usage or as an entry or departure route to/from the range. Therefore,
there is no way to determine the exact number of F-16s that transited Skull
Valley.

Footnote continued on next page



Thus, the Air Force’s recent responses for FY99 and FY0O flight information are less
precise than those previously provided PFS for FY98 in which it identified a specific number of
flights transiting Skull Valley (3,871). Further, the Air Force has now indicated that, in addition
to F-16 Skull Valley flights going through Sevier B, the majority of flights going through Sevier
D are also F-16s. As reflected in the following Table, however, the number of total flights
identified in the MOA usage reports for Sevier D are small compared to Sevier B and constitute
on average for FY98, FY99, and FY00 only approximately 5.7% of the flight operations
identified in the Sevier B MOA usage reports.

Sevier B Sevier D

FY98 3,871 215
FY99 4,250 336
FY00 5,757 240

Further, as reflected in the Air Force FOIA responses, not all flight operations identified
in the Sevier B and D MOA usage reports are F-16s transiting Skull Valley. Both Sevier B and
Sevier D (which overlies Sevier B) are 145 miles long, extending more than 100 miles south of
Skull Valley,'? and various flight operations in these MOAs take place in the southern part of
Seviers B and D far from Skull Valley. For example, cruise missiles and the chase aircraft that
follow them as safety observers fly in the southern portions of the Sevier B MOA but do not
overfly Skull Valley."

Footnote continued from previous page

March 28, 2001, FOIA Response from Hill AFB, Mary Maynard, FOIA Manager Hill AFB Utah. In its response to
PFS’s February 12 FOIA Request (which had requested information on the number of F-16s transiting Skull Valley
en route to the UTTR included in the total numbers for the Sevier D MOA usage reports), Hill AFB responded as
follows:

Sevier D Military Operations are not broken out by aircraft type, but the
majority of operations for each year would have been for F-16 aircraft. . . . . No
records are kept for Skull Valley transitions as a subset of the Sevier B and D
MOA usage or as an entry or departure route to/from the range.

March 28, 2001 FOIA Response from Hill AFB, Mary Maynard, FOIA Manager, Hill AFB Utah.

12 gee Salt Lake City Sectional Aeronautical Chart, National Oceanic and Atomspheric Administration (NOAA);
Las Vegas Sectional Aeronautical Chart, NOAA.

' See Risk Assessment of Cruise Missile Accidents Impacting Private Fuel Storage LLC Independent Spent Fuel
Storage Installation, Rev. 1 (Jan. 25, 2001), pages 26-27.



Therefore, PFS continues to believe, as before, that the best estimate for the number of F-
16 flights transiting Skull Valley in FY99 and FYO00 (for which the Air Force did not provide a
specific number as it had previously done for FY98) are the number of flight operations
identified in the Sevier B MOA usage reports. This corresponds to the source of the Skull Valley
F-16 number provided by the Air Force for FY98, discussed in note 7, supra, and takes into
account that flight operations other than F-16s transiting Skull Valley occur in the large southern

expanse of Seviers B and D."*
2. Increased F-16 Aircraft Stationed at Hill AFB

The number of F-16 aircraft assigned to the 388™ Fighter Wing (Chargeable Aircraft) at
Hill AFB has increased from that previously authorized for the Wing during each of the past
three fiscal years (FY98, FY99, and FY00). For those 3 years, the number of F-16 aircraft

assigned to the 388" FW at Hill AFB was stable at 54."> However, an additional 12 F-16 aircraft

1’16

were officially assigned to the Wing in the third quarter (April) of FYOQ1,® at which time the

Wing would have received additional funding for them. PFS had been advised that, as before,
the 419™ Fighter Wing (Reserve) had 15 authorized F-16s at Hill AFB,'” and therefore used this

number in the calculations in its January 2001 Addendum and its May 31 Response.'®

'“ PFS has, however, performed a sensitivity analysis showing that the cumulative hazard remains well below the
regulatory limit of 1 E-6 even assuming the number of F-16 flights through Skull Valley were equal to the sum of
the flight operations for the Sevier B and D MOAs. See Section VII infra.

1> May 23, 2001 FOIA Response from Hill AFB, Mary Maynard, FOIA Manager, Hill AFB.

'®1d, Of those aircraft, 6 were physically present at Hill AFB by the end of the third quarter (June) of FY 00.
Telephone conversation between Col. Ronald Fly, USAF (Ret.) and 388" FW Public Affairs Office, January 12,
2001. However, the 388™ FW’s flying hour program and the additional pilots, maintenance personnel, funding and
other resources necessary to support an increase in the flying hour program would not be made available untii the
aircraft were formally assigned to the wing (chargeable aircraft). See March 30 Response to RAI 1(c) (Tab FF).

'” Telephone conversation between Brig. Gen. James Cole, Jr., USAF (Ret.) and Capt. Bemadette Dozier, USAF,
388" Fighter Wing, Public Affairs, December 29, 2000.

'® The number of aircraft assigned to the 419™ FW was used to adjust the number of F-16 sorties projected for future
years to account for the increase in the assigned aircraft to the 388™ FW. In an FOIA response received in June
2001, after the PFS May 31 Response, however, the Air Force informed PFS that the average number aircraft
assigned to the 419" FW were as follows: FY98 (15.9); FY99 (18); FY00 (18); FYOI (17.8). June 11, 2001 FOIA
Response from Hill AFB, Mary Maynard, FOIA Manager, Hill AFB, Utah. For conservatism, PFS has not revised
its calculations for this new information, which would slightly decrease the proportional increase in F-16s stationed
at Hill AFB calculated in the text above (from 17.4% to 16.7%), and therefore slightly decrease the number of F-16
sorties projected for future years from 5870 to 5835. (Using the average number of 419" FW aircraft assigned in FY
99 and FY 00 of 18, plus the 366™ FW aircraft assigned number of 54 gives a base case number of 72 F-16s; if 12
more are added to this base, the increase is 16.7%, less than the 17.4% used in the text above.)



It would be reasonable to assume a proportional increase in the number of F-16 sorties
through Skull Valley resulting from the 12 additional aircraft assigned to the 388" FW." The
total number of authorized F-16 aircraft at the base would therefore increase from 69 (54 + 15) to
81 (66 + 15), which is a 17.4% increase.

B. Evaluation of Additional Data in Projecting F-16s Transiting Skull

Valley

The change in the number of F-16 flights through Skull Valley from FY98 to FY99 to
FYOO represents certain changes in Air Force operations plus normal fluctuations in the number
of sorties flown annually as well. The Air Force began a new policy for overseas and other
deployments of Air Force units away from their home bases through adoption of the Air
Expeditionary Force (AEF) concept, initially implemented in October 1999 (FY00). Under the
AEF concept, portions of various Air Force wings are assigned to an AEF on a regular basis for
overseas or other deployment as needed. Under the AEF concept, units are on call for
deployment for 90 days over a 15-month period. The purpose is to make more equal and regular
the on-going deployment of Air Force units from their home base of operations. This would
provide a more stable and predictable operating cycle, and control and reduce the amount of time

spent away from the home base of operations.

There were major Air Force deployments of aircraft overseas in FY98 to both Bosnia and
the Persian Gulf and in FY99 to Kosovo. These deployments tapered off towards the end of
FY99, and FY00 saw the beginning of the regular AEF deployments. The 388th Fighter Wing
had part of one squadron (out of three) deployed in October, November and half of December
1999 (FY00).

Further, since at least April of 2000, the 388th Fighter Wing has significantly increased
its sortie count from its available aircraft, and has achieved the highest sortie rate per aircraft of
any F-16 wing.20 Since the 388" Fighter Wing is doing what it can to maximize its sortie rate
now, it has little leeway to increase the rate even more and PFS would therefore not expect

further increases. Past history has shown, moreover, that fluctuation in sortie rates do occur as a

' PFS’s responses to RAI nos. 1(b) and 1(c) explain why it is reasonable to assume a proportional increase in sorties
based on the increase in assigned aircraft. March 30 Response at pp. 1-2 (Tab FF).

% Hilltop Times, Sept. 7, 2000 (Colonel John Weida, 388" FW Commander) and Hilltop Times, October 19, 2000
(Colonel John Weida, 388" FW Commander), which can be found at www.hilltoptimes.com/archives.



result of various operating constraints and training needs as well as changes in operating
priorities or emphasis. Thus, PFS would not expect the number of sorties to continue
indefinitely at the maximum or near-maximum rate currently being achieved by the 388" Fighter

Wing.

Also, during FY 00, United States military forces were not involved in an international
crisis. The number of UTTR sorties in future years, in which there was such a crisis, would
therefore be expected to be lower than those in FY00. Even if the 388" F ighter Wing were not
deployed overseas for such a crisis, some of its aircraft might be temporarily deployed to other
locations and units in the United States to replace aircraft that were sent overseas. Based on past
history, it is reasonable to expect periodic unforeseen future deployments and an associated

lower sortie count at Hill.

Based on the above considerations, PFS believes that in accounting for the recent
increases in sorties, an appropriate and reasonable number of F-16 sorties to assume on an annual
basis transiting Skull Valley would be an average of the FY99 and FY00 numbers, or
approximately 5,000.2' Further, as discussed above, in addition to the higher number of sorties
flown through Skull Valley by F-16s currently at Hill AFB, the total number of authorized
aircraft at the base will increase by 17.4%. Therefore, to capture the effect of the higher numbers
of sorties in FY99 and FYOO and the effect of more aircraft being based at Hill AFB in the |
future, the annual number of sorties would increase by 17.4%, from 5,000 to 5,870. As
discussed below, PFS believes that this average will be a reasonable, conservative approximation
of future traffic density when the PFSF is operating, particularly 20 or more years in the future,
when the Facility would be approximately at full capacity.

C. Forecasts of Future Traffic Density

Future traffic density of military aircraft operating in the vicinity of the PFSF will be
determined, for the most part, by the future structure of the U.S. Air Force and tempo of U.S. Air
Force operations. Over the projected life of the PFSF, U.S. Air Force structure and tempo of

operations are likely to be sized and shaped by several significant factors, which in turn will be

2! PFS has also noted that F-16s flew similar numbers of sorties on the UTTR in both FY99 and FY00 further
reflecting that use of an average of those two years for Skull Valley sorties is appropriate. See May 31 Response pp.
7-8 (Tab HH).



reflected in the volume and scope of air operations at Hill AFB and on the UTTR. The factors
that will likely determine future USAF force structure and operations, and in turn the volume and
scope of operations at Hill AFB and on the UTTR, include the assessment of worldwide threats,
the funds available for defense spending, technological advances in aircraft capability and
weapons lethality and accuracy, and improvements in training and flight simulation.

Historically, these factors have been interrelated in a synergistic manner in determining the size
of the USAF force structure and the volume and scope of USAF operations. The long term trend
in the USAF has been for fewer, more modern aircraft to replace older, less capable ones. The
PFSF expects this general trend to continue as the existing USAF aircraft inventory is replaced

with more modern, capable and reliable aircraft over the proposed PFSF’s life span.

Throughout the 20" century, the United States has reacted vigorously to increase its
armed forces to combat significant and specific threats, but such increases have been followed by
periods of substantial force reductions. U.S. entry into World War Iin 1917 was marked by a
significant force structure buildup and expansion across the board with the end of the war
- producing an equally significant force structure reduction and contraction that lasted for two
decades. During this time, funding was limited and the U.S. armed forces force structure was at
bare bones minimum with very low operations tempo. U.S. entry into World War II in 1941 was
marked by a similar large buildup with the end of the war in 1945 producing a similar reduction
and contraction of force structure, with U.S. armed forces again operating at a very low
operations tempo with limited funding. This continued into the 1950s until the emergence of the

Soviet Union as a significant threat and also the outbreak of the Korean War.

The advent of the "Cold War" signaled a significant force structure buildup and
expansion to counter the threat. This force structure buildup and expansion was, however,
significantly different than those that had previously occurred following the events of 1917 and
1941. The proportionate number of aircraft involved for the U.S. Air Force was significantly less
for two very important reasons. First, the technology, payload capacity, and range of the jet
powered fighters and bombers were significantly greater than that of their reciprocating engine
powered predecessors of World War II. Fewer aircraft with improved technology and better
weaponry represented a much greater combat capability than the much larger numbers of aircraft

in previous years. Secondly, the lethality and accuracy of weapons had increased tremendously.



Consequently, fewer aircraft and sorties were required to accomplish specific missions and

destroy a specific number of targets.

The collapse of the Soviet Union and the end of the Cold War precipitated yet another
significant force structure reduction and contraction. The significant threat of the Soviet Union
and the challenges of a bi-polar world no longer existed. The U.S. armed forces in general and
the U.S. Air Force in particular experienced an approximately one-third reduction in force
structure, including personnel, equipment, and funding since the end of the Cold War in the late
1980s. The U.S. Air Force is now smaller than it was before the Japanese attack on Pearl Harbor
in 1941. However, the USAF’s present day capabilities make this smaller force orders of
magnitude more capable than its Pearl Harbor predecessor. To further illustrate this recent
reduction and contraction in the size of the USAF force structure and operations, the Air Force
aircraft inventory decreased from 7,640 in FY92 to 6,205 in FY00; flying hours decreased from
2,790,000 in FY92 to 2,036,000 in FY00.?

Although this recent force structure reduction and contraction was driven by a decreased
threat and calls for a "peace dividend," the capability and lethality of the U.S. Air Force had
experienced another quantum increase. Better conventional weapons have significantly
increased the combat capability of the U.S. Air Force. Precision Guided Munitions (PGMs)
provide tremendous accuracy and require far fewer aircraft and sorties to accomplish specific
missions. Three comparisons of WWII and the Persian Gulf War capabilities drive home the

dramatic quantitative effects of the qualitative improvements in aerial warfare.

1. In some cases, a single airplane with one Precision Guided Munition (PGM) in the
Gulf War in 1991 achieved the same result as a 1000-plane raid with over 9,000
bombs in World War I1.%

2. During the first day of the Gulf War, more targets were hit by coalition forces than by
the entire 8" Air Force in Europe during 1942 and 19432

22001 AIR FORCE ALMANAC.

# Effects-Based Operations: Change in the Nature of Warfare, pg. 9, by Brigadier General David A. Deptula,
Aerospace Education Foundation; based upon a HQ USAF/XOXW briefing chart, Fall 1990,

2 1d, at pg. 2; from Mighty Eight War Diary by Roger A Freeman, (London, Jane’s Publishing Co., 1981). 8™ Air
Force was the USAF bomber force based in England in Europe during WWIL



3. During the first night of the Gulf War, 13 F-117 stealth fighters flew against 22

separate targets.”> By contrast, “[i]n times past it was necessary to send dozens,

sometimes hundreds, of airplanes to ensure that a critical target was struck.”?®

Smaller force structure and reduced defense spending have forced other efficiencies on
the U.S. Air Force as well. Decreased budgets and rising fuel costs have constrained flying
hours for training. New and improved technology simulators have been leveraged to increase
pilot proficiency without a proportionate increase in flight time. The constantly improving
technology and capabilities of modern simulators with visual displays have enabled much more
training to be accomplished without actually flying a real aircraft. This reduces fuel costs and
also risks. Maneuvers that are difficult to do in an aircraft can be practiced in simulators with no
risk. Pilots can now build experience and confidence in simulators and consequently be much
more proficient, confident, and less error prone when they actually get to the real aircraft. This
results in decreased requirements for flying hours and sorties as well as less risk when the actual

flying is done.

The current national security environment indicates no major superpower requiring a
continuing large force structure to defend against. In addition, any future needs for increased
force capability are likely to be satisfied by smaller force structures due to continued

improvements in aircraft capability, technology, and weapons accuracy and lethality. Both the

% 1d. at pg. 1 based upon the transcript of an interview by Major Greg Biscone and BGen Deptula, October 11, 1993
and Colonel Terry A. Burke, Commander, 4300 Provisional Bombardment Wing, narrative from the
recommendation of the Distinguished Flying Cross.

% Evolution of the Aerospace Force, pg. 2, by John T. Carroll, Editor in Chief, Air Force Magazine, June 2001. Mr.
Carroll goes on to state as follows:

By contrast, in the air campaign in the Balkans in 1999, the B-2, carrying the
latest “smart bombs”, hit an average of 15 separate aim points per sortie. A few
years from now, a single bomber will take on 80 different targets per sortie.
Aircraft of the future will be able to do even better.

* * * * * * * * *

In the 1950s, more than 40 percent of all Air Force officers were pilots,
Today, pilots account for only 17 percent of the officer force. Pilot and aircraft
totals have diminished.

One reason is that airpower keeps getting better. As recently as the Vietnam
War, the F-4D Phantom had to expend, on average, 200 tons of gravity bombs to
drop a bridge span. Current aircraft can do it with four tons of ordnance, and
they can do in all kinds of weather. As aircraft become more capable, they grow
fewer in number.
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current USAF force structure and future estimates indicate a continuation of the trend towards

fewer aircraft of increased technological capability and lethality.

The Joint Strike Fighter (JSF), a stealth-type aircraft currently in research and
development, is the planned replacement for the F-16. The total planned USAF buy over the life
of the airplane 1s 1,763 aircraft.”” Thisis only 78% of the 2,230 F-16s ordered by the USAF.

Similarly, the new F-22 fighter will replace the F-15%% in the air superiority mission.
Based upon current procurement plans, 339 F-22s will be bought over the life span of the
airplane. This represents only approximately 39% of the 874 F-15s purchased originally by the
USAF.

The same trend exists in the USAF bomber forces. The B-1 is a long range, multi-role
bomber capable of carrying several different ordnance loads to include 84-MK82 500 Ib. bombs.
The B-1 became operational in 1986 and 104 were produced.”® The U.S. Air Force recently
announced that it would decrease its B-1 force by about a third, so that the B-1 force inventory
will be reduced from its current inventory of 93 to only 60 aircraft.*® The B-2 is a stealthy long-
range multi-role bomber that can deliver botl conventional and nuclear munitions anywhere in
the world. The B-2 became operational in 1997, and only 21 were produced.>’ In contrast, 744
of the previous generation B-52 bombers were produced from 1955 through 1962 .

Although it is difficult to predict exactly what the USAF force structure will be 20-40
years into the future, current acquisition programs and historic trends both clearly indicate that
the future force structure will be smaller. It is equally difficult to predict how the reduced forces
will be deployed and stationed within the US and overseas. Over time, the USAF has both
closed bases and reduced force structure at existing bases as the total aircraft inventory has

declined. It is reasonable to expect the same pattern in the future. Further complicating the

27 JSF Public Affairs office July 11, 2001.

* The F-22 is designed to replace the F-15A-D models which are air-superiority variants, The F-1SE, although it
looks similar, has significant structural and electronic systems differences from the A-D models. The F-15E is
optimized for the long range, ground attack mission. The number of F-15s purchased (874) referred to in the text
above is for the F-15A-D models only.

#2001 AIR FORCE ALMANAGC, p. 132.
3% Wall Street Journal, (July 13, 2001), “Stop Reviewing. Start Reforming.”, by Ken Adelman.
*12001 AIR FORCE ALMANAGC, p. 132.
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future force structure basing decisions is the political aspect of the basing process. Elected
representatives have historically resisted closings or drawdowns at bases in or near their districts
and states. The practical effect has been to be keep more bases open with lower force levels at

the bases than is generally considered optimum by the military.

It is PFS’s belief that the USAF will continue to operate fighter aircraft from Hill AFB
for the foreseeable future, even as current day aircraft are replaced by newer ones such as the JSF
or F-22. The training and testing opportunities available on the UTTR represent excellent
capabilities that are difficult to replicate elsewhere.’?> However, it is reasonable to assume that
the significant USAF wide reduction in total fighter aircraft will affect Hill AFB, just as previous

force structure reductions have resulted in fewer aircraft at Hill AFB.3?

PFS believes that the high operations tempo and sortie count for the 388th FW at Hill
AFB in FY00 represents a near maximum rate that would be difficult to exceed for sustained
periods. During that year, the 388th FW commander publicly stated that the 388th FW aircraft
utilization rate (average number of times per month each airplane is flown) exceeded that of any
other F-16 wing for at Jeast the last six months of FY00. In light of the current acknowledged
high tempo of operations of the 388" FW combined with the known, future reductions in total
fighter aircraft in the USAF inventory, use of the average of FY99 and FY00 flight activity is a
reasonable, conservative approximation for the expected flight activity over the expected life
span of the proposed PFSF. It also gives weight to the Aerospace Expeditionary Force (AEF)
concept which was implemented in FY00. The AEF was developed by the USAF to decrease the
amount of time spent deployed by aircrews and support personnel. The AEF is on a 15 month
schedule and does not align with the FY flying hour program. Due to the relative newness of the
AEF, it is difficult to completely assess its effectiveness. Further, not including the lower FY98

flying data tends to provide an upward, conservative bias to the average data.

32 Although the weather is normally excellent for fighter operations at Hill AFB and on the UTTR, the runway is
periodically closed during the winter due to snow and ice. After particularly heavy storms, it may take a few days to
clear the accumulated ice and snow from the parking aprons, taxiways and runways. This situation argues against
placing too large a percentage of the future fighters at Hill AFB. In times of crisis, it would be unacceptable to have
a significant portion of the fighter force trapped at any one location by inclement weather.

33 The 388FW previously had 4 assigned F-16 squadrons. The 16™ Fighter Squadron was deactivated several years
ago as part of a reduction. If the JSF were to replace the F-16s at Hill AFB at a rate proportionate to the respective
aircraft buys, the total fighter aircraft assigned to the base would drop from 81 to 63. This would be the functional
equivalent of deactivating al8-fighter squadron, such as the 421% Fighter Squadron of the 388" FW.
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As an upper sensitivity bound, PFS calculated the risk posed by tactical aircraft based
solely on the FY00 sortie data, even though PFS believes that it is highly unlikely for this level
of flight activity to be sustained over the life span of the PFSF.>* Given that the PFSF will not
reach full capacity until 20 years into its operational life, the USAF should have completed its
planned F-22 acquisition and be well into delivery of the JSF before the PESF is at full capacity.
The calculated aircraft crash probability for the PFSF using the average of the FY99 and FY00
sortie count for Skull Valley is based upon the Facility being at full capacity and does not
assume any Air Force downsizing or modernization. Thus, the USAF long-term modernization
program that is expected to result in a significant downsizing and a likely reduction in total
annual sorties will in all likelihood result in PFS’s base ﬁ:ase probability being conservative.
Nevertheless, PFS has used the FY00 data as a conservative upper bound for a sensitivity

analysis.
D. Other Additional Information
1. RAI Responses

In response to the NRC’s RAls, PFS supplied information pertaining to other issues
related to the aircraft crash hazard posed to the PFSF by F-16s transiting Skull Valley. This
information supplements that set forth in the Report and does not alter any of the Report’s
calculations or results beyond that conservatively calculate by PFS. The topics PFS addressed in

the RAI responses are noted individually below:

. The operational width of Skull Valley, for the purpose of calculating the aircraft
crash hazard to the PFSF, may conservatively be taken to be 10 miles, as in the
PES Report. March 30 RAI Question 8; May 15 Clarification 6. Further, the
basic airspace configuration of Skull Valley creates a “neck” or “gap” in the
southern part of the MOA on the eastern side of Skull Valley that has the effect of
funneling F-16 traffic along the eastern side of the Valley away from the PFSF.
Id.; see also March 30 RAI Questions 3(b) and 4(e); May 15 Clarification 7.

. The hypothetical potential for the use of the PFSF as a “turning point” by F-16s
transiting Skull Valley would not increase the probability that an accident would
occur at the PFSF. March 30 RAT Question 3; May 15 Clarification 7.

3 See note 36 infra and Section VII infra.
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. The hypothetical potential for the use of the PFSF to calibrate sensors by F-16s
transiting Skull Valley would not increase the probability that an accident would
occur at the PFSF. March 30 RAI Questions 4 and 5.

. The airspace in Skull Valley is not suitable for the conduct of high risk maneuvers
that could increase the probability of an accident at the PFSF. March 30 RAI
Question 6(b).

. The potential for a pilot’s “G-suit” to fail during a G-awareness maneuver would

not increase the likelithood of an accident in Skull Valley. March 30 RAI
Question 6¢; see alsp May 15 Clarification 8.

o The potential for cloud cover or bad weather in Skull Valley or flying at night
would not increase the probability that an accident would occur at the PFSF.
7 March 30 RAI Question 9; May 15 Clarifications 1, 3, and 4.

. The hypothetical potential for bird strikes by F-16s transiting Skull Valley would
not increase the probability of an accident at the PFSF. March 30 RAI Question
10.

. The F-16 would remain aerodynamically stable after the pilot ejected from the
aircraft. May 15 Clarification 2.

2, Consideration of Sevier D F-16 Crash Data

In Tab H to the Report, F-16 aircraft crashes were examined in three different groupings,

(1) all accidents which could have occurred in Skull Valley, regardless of phase of flight (“Skull

Valley Type Events” category), (2) a smaller set of all accidents in the Normal Flight phase,
which is the mode of flight for transiting Skull Valley, which were generally applicable to flight
in Skull Valley regardless of altitude, speed, etc. (“Normal In-flight” category), and (3) a yet
smaller subset of all “Normal Flight Phase” accidents which occurred in approximately the same
conditions of flight (altitude, weather, speed, etc.) as would be encountered in a Sevier B transit

of Skull Valley (“Sevier B Flight Conditions” category).

In the July 5, 2001 teleconference, the NRC requested clarification on the effect of taking
into account, with respect to third category, accidents encountered in a Sevier D type setting in
addition to those encountered in Sevier B type flight conditions. PFS has done this analysis

which shows a negligible effect.
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PFS reviewed the F-16 accident data base to identify those “Normal In-flight” accidents
that occurred at altitudes within the Sevier D airspace, the airspace just above Sevier B and going
from 9,500 ft. MSL to the bottom of the Positive Controlled Airspace at 18,000 ft. MSL. There
were four Normal In-flight accidents that occurred at these altitudes (4 April 91 at 7,000-8,000 ft.
AGL/MSL, 16 Dec 91 at 16,300 ft. MSL, 7 Jun 96 at 10,000 ft MSL, and 21 Nov 96 at 10,000 ft
MSL). All four of these accidents were included in the “Skull Valley Type Events” and “Normal

In Flight” categories of the original analysis.

The first of these (occurring on 4 April 91) was previously closely examined for inclusion
in the three categories evaluated in Tab H. This examination is detailed in the Report, Tab H,
pages 18 and 19. The pilot was descending into weather conditions with several layers of clouds
and was between cloud layers at 7,000 to 8,000 feet AGL when he attempted to move to a
fighting wing formation position on his leader and lost situational awareness because of the lack
of outside visual references to the ground or sky. The PFS examination concluded that, because
of the combination of this flight maneuver, and the weather conditions (multiple layer of clouds),
and altitude the accident was unlikely to occur in Skull Valley. For conservatism, however, the
accident was included in the statistics for the “Skull Valley Type Event” and “Normal In-flight”
categories, but was excluded from the statistics for the Sevier B category because it had not
occurred under Sevier B flight conditions. Since the accident occurred at Sevier D altitudes, PFS
will include the accident, for conservatism, with respect to this analysis for Sevier D, as it did

with respect to the “Skull Valley Type Event” and “Normal In-flight” categories.

The other three accidents occurring at Sevier D altitudes were engine failures in which
the pilot retained control and would have been able to avoid a structure on the ground. They
were not included in the original ‘Sevier B Flight Conditions’ category, but were included in
both the “Normal In-flight” category and in “Skull Valley Type Event” categories in the original
Tab H analysis.

Considering the 4 accidents together, for the lower conservative bound, there are then 3
of the 4 accidents occurring under Sevier D flight conditions in which the pilot would retain
control of the aircraft to be able to avoid a structure on the ground, or 75% (the lower bound).

