
RESPONSES TO NUCLEAR 
REGULATORY COMMISSION 

AIRCRAFT CRASHES & AIR-DELIVERED 
ORDNANCE AT THE PFSF 

JUNE 30, 1999



TABLE OF CONTENTS

Page

I1. Cumulative Crash Probabilities 

2. General Aviation Aircraft 

3. Military Aircraft Transiting Skull Valley 

4. Michael Army Airfield 

5. Hung Ordnance 

6. Cruise Missiles

7. Other Air-Delivered Ordnance

11 

16 

18

24 

27 

29



CUMULATIVE CRASH PROBABILITIES

NRC Comment I -- In accordance with section 3.5.1.6 of NUREG-0800, PFS should 

produce calculations showing the cumulative crash probability of all the aircraft (military 

and civilian) flying in Skull Valley, Utah near the PFSF site.  

PFS Response -- The aircraft flying in and around Skull Valley that could potentially 

crash into the PFSF include F-16's transiting Skull Valley en route to the UTTR, aircraft 

flying on route IR420 en route to Michael Army Airfield, and aircraft on airways J-56 

and V-257. Occasional light (general aviation) aircraft may fly in the area but have not 

been reported. The number of light aircraft flying in the region is low because the PFSF 

site is not near any airports and moreover the PFSF lies within a military operating area 

(Sevier B) in which flying is restricted during certain times.  

PFS has calculated the cumulative crash probabilities for the PFSF of the aircraft flying 

nearby. They are as follows, for each group of aircraft:

AIRCRAFT GROUP 

F-16s 

Airway J-56 

Airway V-257 

General Aviation Aircraft 

IR420 

Michael Army Airfield 

Total

PROBABILITY 

<< 1 x 10-7 

1.9 x 10.8 

1.2 x 10"' 

8.8 x 10-9 

3.0 x 10.9 

0 (too far away; see 

4.3 x 10"s

SUPPORTING CALCULATION 

Below 

Below 

Below 

(see Answer to Question 2) 

Below 

Answer to Question 4 below)



F-16 ANALYSIS 

The Air Force has indicated that the F-16's fly down the east side of Skull Valley, 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. The diagram following page 4 shows the impact 

footprint of an F-16 that hypothetically loses its engine while flying down the east side of 

Skull Valley, 5 statute miles east of the PFSF site, at an altitude of 4,000 ft. AGL. The 

information in the diagram, explained below, is based on F- 16 Flight Data set forth on 

page 4 below (derived from ATTACHMENT I) 

The diagram shows that if an F-16 lost an engine and glided into the ground along its 
flight path, it would crash approximately 5.5 statute miles from the point at which the 

engine failed. This assumes that the pilot would stay with the aircraft and maintain 
control of it until it struck the ground. In such a case the pilot would also be able to guide 

the aircraft away from a built up area like the PFSF. If the pilot were to eject from the 

aircraft, it would crash soon afterwards and would not reach its maximum glide distance 
of 5.5 miles. Pilots are instructed to eject at 2,000 AGL; thus, the diagram shows the 
point at which the F- 16 would have descended to an altitude of 2,000 AGL and the pilot 

would eject. That point is approximately 2.75 miles from the point at which the F-16 

loses its engine. As indicated above, the aircraft would most likely crash near that point.  

The diagram also shows what would happen if the pilot attempted to turn after losing an 

engine. Turning the aircraft causes it to lose energy, so the aircraft does not glide as far if 

the pilot were to continue flying straight. As indicated on the diagram, a 1800 turn would 

cause the aircraft to lose 4,000 - 5,000 feet of altitude (and would cause a crash in this 

situation). A 900 turn would cause a loss of 2,000 - 2,500 feet of altitude, and a 450 turn 

would cause a loss of 1,000 - 1,250 feet of altitude.  

The diagram indicates the maximum glide distance for the F- 16 after turns of various 

angles, from 450 to 1800, assuming that the aircraft makes one turn and then glides its 

maximum distance remaining, given the altitude after the turn, in a straight line. The 

diagram shows that the maximum distance to the west, (in the direction of the PFSF) 

from the aircraft's initial flight path the aircraft can glide is 3.4 miles, assuming again that 

the pilot stays with the aircraft and controls it until it strikes the ground. The diagram 

also shows the points at which the aircraft would reach an altitude of 2,000 feet AGL and 

the pilot would eject. Those points are approximately 1 to 1.2 miles west of the initial 

flight path of the aircraft. As indicated above, the aircraft would most likely go out of 

control and crash near those points.  

If the aircraft were traveling at a faster speed, it would fly farther before hitting the 

ground. The Air Force has indicated that F- 16's typically cruise through Skull Valley at a 

speed of 350 knots. If the aircraft experienced a sudden engine loss at 350 knots, it 

would decelerate to below 250 knots (the speed assumed for the F-16 in the diagram) in 

about 5 seconds and would cover approximately 0.4 miles. Thus, 0.4 miles would be 

added to all ground impact distances shown. However, if an aircraft were experiencing
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engine trouble, the pilot would most likely decelerate to below 250 knots to achieve an 

optimal glide speed before the engine failed. Thus, the diagram shows the most likely 

crash points for the F-16 following engine failure.  

The diagram shows the maximum distance to the west of its initial flight path that a 

crashing F-16 could impact the ground would be 3.4 miles. Most likely, however, the 

pilot would eject at an altitude of 2,000 feet AGL and the aircraft would impact the 

ground a maximum of about 1.2 miles west of its initial flight path.  

Thus, because the F-16's fly down the east side of Skull Valley farther than 3.4 miles to 

the east of the PFSF and significantly farther than 1.2 miles from the PFSF, a crashing 

F-16 would have no chance of striking the PFSF.  

This analysis assumes that the aircraft accident is caused by an engine loss that allows the 

aircraft to maintain controlled flight after the occurrence. If an aircraft were to 

experience a malfunction that caused it to depart controlled flight sooner, it would not fly 

as far from its initial flight path before striking the ground.  
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F-16 FLIGHT DATA FROM 1F-16C-1-1 (ATTACHMENT I)

1 Statute Mile = 5,280 Ft 
1 Nautical Mile = 6,076 Ft 

The F-16 glide ratio, with its engine out, glides 6 nrn per 5000' above ground level 
(AGL) at 250 kts airspeed Drag index = 0 

This yields a glide distance of 4.8 nm (5.5 statute miles) for 4,000' AGL, the maximum 
altitude at which F-i 6s fly over Skull Valley 

Descending to 2,000' AGL for recommended ejection carries the aircraft 2.75 statute 
miles 

An engine failure, which is the most likely cause of an accident, would not cause the pilot 

to lose control of the aircraft.  

In the flameout (i.e. engine loss) landing pattern for the F-16, the aircraft loses 4-5000' in 
altitude if it makes a 1800 turn 

The turn is 1 rum in diameter at an optimal 50-55' bank angle (aircraft "bank," or rotate 
about their longitudinal axes, when executing turns) 

A 900 level turn at 50' bank angle will dissipate 65-85 knots of airspeed 

A 1800 level turn at 500 bank angle will dissipate 145-250 knots of airspeed 

The airspeed of an F-16 that will produce a maximum glide range with an engine out is 
given by: = 200 kts + 5 kts/1000 lbs of fuel/stores over 2,000 (assume 230 kts for aircraft 
just after takeoff) 

Best instant airspeed (assumed) 250 kts. Decelerating from 350 kts to 250 kts, if 
required, will take approximately 5 seconds and add .4nm to glide distance.  

From AF Magazine 

F-16 gross weight empty: 18,238 lbs 

Fully loaded with external load: 42,300 lbs. Aircraft normally fly with 90% fuel load, 
two wing tanks, and TERS and ECM Pods for a total gross weight of approximately 
27,000 lb.  

One can assume 30,000 lbs for an F-16 flying to the UTTR over Skull Valley as the 
aircraft will be carrying a partial load and will have consumed some of its fuel.  

(if pilot does not eject but remains with the aircraft, he/she will avoid built up 
areas/facilities to crash land in flat terrain 
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COMMERCIAL AIRWAY ANALYSES

AIRWAY J-56 

Airway J-56 is 11.5 statute miles from the PFSF. Air Traffic Controllers from the 

Salt Lake City Center indicate that fewer than 12 aircraft per day use J-56. Assuming 

an airway width of (8 nautical miles, the standard width for flight airways, 9.2 statute 

miles) puts the closest edge of the airway at 6.9 statute miles from the PFSF.  

NUREG-0800 (ATTACHMENT B) states that if a site is at least 2 statute miles 

beyond the edge of a federal airway, the probability of an aircraft accident is lower 

than 10-7 per year by inspection. Since the site is well beyond the 2 mile 

specification, the associated probability will be well below l x 10-7 per year.  

Additionally, calculations using the NUREG-0800 methodology show that the 

probability of an aircraft from J-56 crashing into the PFSF would be 1.9 x 10-8 per 
year.  

One calculates the crash hazard to a site from aircraft in an airway using the 

methodology of NUREG-0800 section 3.5.1.6 (ATTACHMENT B). Following that 

method, the crash hazard is equal to C x N x A/W, 

where C is the crash rate per mile of flight, 

W is the width of the airway plus the distance from the edge of the airway to the site 

(for sites outside the airway such as the PFSF), 

N is the number of flights per year along the airway, and 

A is the effective area of the plant in square miles 

For the PFSF and airway J-56: 

C= 4x10"° crashes/aircraft/mi. (NUREG- A = 0.257 sq. mi. (assuming 
S0800) conservatively that all aircraft are 

large; see calculation on page 7) 

N = 12 per day (maximum) W = 9.2 mi. + (2 x 6.9 mi.) = 9.2 + 
13.8 = 23 stat mi.  

P=CxNxA/W 

P = 4 x 10-1° x (12 x 365) x 0.257/23 = 1.9 x 10-8 crashes/year
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AIRWAY V-257 

The center of Airway V-257 is 19.5 statute miles from the proposed site. Air Traffic 

Controllers from the Salt Lake City Center indicate that fewer than 12 aircraft per day 

use V-257. V-257 is 13.8 statute miles (12 nautical miles) wide. Thus, the PFSF site 

is 12.6 statute miles from the edge of the airway, well beyond the 2 statute mile limit 

mentioned in NUREG-0800. Consequently, the probability of aircraft accident can 

be assumed by inspection to be well below 10-7.  

Additionally, calculation using the NUREG-0800 methodology shows that the 

probability of an aircraft from V-257 striking the PFSF would be 1.2 x 10-8 per year.  

As an additional factor reducing the probability of an aircraft accident from V-257, 
the airway is on the other side of the Stansbury Mountains relative to the PFSF, 
giving pilots on V-257 a good visual reference that they are not off the airway and 

screening descending aircraft from reaching the proposed site even if an aircraft crash 

were to occur.  

Proceeding in the same manner for Airway V-257 as for J-56: 

C= 4x10° 0 crashes/aircraft/ mi. A = 0.257 sq. mi.  

N= 12 per day (maximum) W = 13.8 + (2 x 12.6) = 13.8 + 25.2 = 39.0 

P = 4 x 1010 x (12 x 365) x 0.257/39 = 1.2 x 10- crashes/year 
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EFFECTIVE PLANT AREA CALCULATION 
FOR COMMERCIAL AIRWAY ANALYSES 

The following calculation for effective plant area is conservative, as are the other 

subsequent calculations, in that it assumes that the PFSF is at full capacity.  

Formula Used for Calculating Plant Area 

From DOE - STD-3014-96, appendix B pp. B-26 to B-29 (ATTACHMENT H) 

A~ff = effective plant area 

Af = effective fly-in area (including the footprint area and the shadow area) 

A, = effective skid area 

Ws = aircraft wingspan 

R = length of the diagonal of the facility 

H = facility height 

cot 0 = mean of the cotangent of the aircraft impact angle 

L = length of facility 

W = width of facility 

S = aircraft skid distance 

Aeff = Af + As 

Where 
2 xL xW xWs 

Af = (Ws + R) x H x cot 0 + +LxW 
R 

And 

A- = (Ws + R) S 

Facility Characteristics for Calculating Plant Area 

Using the plan for Private Fuel Storage Facility (PFSF SAR Fig. 1.2-1) 

There are two distinct areas at the facility, separated by a distance of 400 feet 

The first area is the actual storage area for the spent fuel storage casks (i.e. the concrete 

storage pads) 

L = 1890'-150'-150' = 1590' 

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

H = 235 inches = 19.58' (PFSF SAR Table 4.2-2) 
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R= 15902 +1520 2 = 2,528,100 + 2,310,400 = r4,838,500 = 2,200 ft.  

The second area is the Canister Transfer Building (PFSF SAR Fig. 4.7-1) 

L = 260' 

W = 65' (There are extensions to the width, but they are contained within the 
silhouette of the larger building) 

H = 90' 

Because of the irregular shape of the building, the longest diagonal is 

2602 + 652 = /67,600 + 4,255 = 71,825 = 268' 

This is also the diagonal of the tallest part of the building 

R = 268' 

For a commercial aircraft, such as those that would fly on airways J-56 and V-257, the 

flight parameters relevant to calculating effective plant area are as follows: W, = 98 ft., S 

= 1400 ft., Cot0 = 10.2.  

Thus the effective plant area of the PFSF for crashes of commercial aircraft is as follows: 

Af= (W, +R) x H x cot 0 + 2xLxWxW, +LxW 
R 

Cask storage area 

Af= (98 + 2,199.66) x 19.58 x 10.2 + 2x1590x1520x98+ 1590 x 1520 

2199.66 

= 458,878 + 215,348 + 2,916,800 

= 3,091,027 sq. ft. = 0.111 sq. mi.  

A= (W, + R)S = (98 + 2199.66) x 1400 = 3,216,724 sq. ft. = 0.115 sq. mi.  

Acff = 0.226 sq. mi.  

Canister Transfer Building 
2 x 260 x 65 x 98 

Af =(98 + 2 6 8) x 90 x 10.2 + + 260 x 65 
268 

= 335,988 + 12,360 + 16,900 = 365,248 sq. ft.  

A= (98 + 268) x 1400 = 512,400 sq. ft.  

Atff = 877,648 sq. ft. = 0.031 sq. mi.  

Total Aff = 0.226 sq. mi. + 0.031 sq. mi. = 0.257 sq. mi.
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ANALYSIS FOR AIRWAY IR-420

For airway IR-420, the width of the airway is 11.5 statute miles and the PFSF is inside 

that width. The U.S. Army indicates that a total of approximately 414 flights per year fly 

along IR-420 to and from Michael Army Airfield. (Cole Report at 19). 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), it is appropriate to use the crash ratio for commercial aircraft, in 

that both types of aircraft exhibit similar crash rates.  

Proceeding for IR-420 as for the other airways: 

C = 4 x 10-1 crashes/mile A = 0.211 sq. mi. (see area calc. on next 
page) 

N = 414 flights/year W = 11.5 mi.  

P = 4 x 10-10 x 414 x 0.211/11.5 = 3.0 x 109 crashes/year
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PFSF EFFECTIVE PLANT AREA CALCULATION FOR IR-420 

For a large military aircraft, Wingspan W, = 223 ft. Skid area = 780 ft. Cot0 = 7.4 (i.e. 0 

= 7.7 deg.). The effective area of the PFSF is, therefore: 

Cask storage area 

Af= (W, + R) x H x cot 0 +2 L W x W, + Lx W 
R 

= (223 + 2,199.66) x 19.58 x 7.4 + 2x1590x1520x223+ 1590 x 1520 
2199.66 

= 35,1024 + 490,027 + 2,416,800 

= 3,257,851 sq ft = 0.1168 sq. mi.  

A, = (Ws+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) x H x cot 0 + 2xLxWxWs +LxW 
R 

2 x260 x65 x223+202 

Af = (223 + 268) (90) 7.4 + 26+ 260 x 26 268 

-327,006 + 28,125 + 16,900 = 355,131 sq ft = 0.0127 sq. mi.  

A, = (223 + 268) 780 = 382,980 sq ft = 0.0137 sq. mi.  

Aefr = 0.0264 sq. mi.  

Total Adff= 0.2110 sq. mi.  
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GENERAL AVIATION AIRCRAFT

NRC Comment 2 -- PFS should demonstrate that the structures, systems, and 

components important to safety at the PFSF can withstand the potential impact of light 

aircraft by virtue of being designed to withstand the impact of design basis tornado 

missiles. Alternatively, PFS can perform an analysis to demonstrate that the probability 

of light aircraft impacting the PFSF is low enough to be considered not credible.  

PFS Response -- In 1995, there were 162,342 General Aviation aircraft in the United 

States. Utah ranked 40th of the 50 states with 1,218 General Aviation aircraft in the state 

(ATTACHMENT J).  

Taking the area of the State of Utah of 82,076 sq. mi. (Cole Report at 14) and the 

effective plant area of the PFSF of 0.12 sq. mi. for General Aviation aircraft (see 

calculation below) and an annual crash rate for General Aviation aircraft of 20 fatal 

accidents in 1996 (Cole Report at 7) per 162,342 aircraft or approximately 1.2x 10-4 

accidents per aircraft per year, the likelihood that a General Aviation aircraft would hit 

the PFSF (based on the assumption that air crashes are evenly distributed throughout the 

State) is as follows: 

-1,218 aircraft x 1.2 x 104 crash/aircraft/year 0.12sq.mi.PFSFarea = 2.1 x 10.7 
82,076 sq. mi. State area 

The actual probability that a General Aviation crash would impact the PFSF is 

significantly lower, however, in that the PFSF is over 25 miles from the nearest civilian 

airport (Cole Report at 8-9). NTSB data indicates that only 4.1% of all General Aviation 

fatal accidents occur during the cruise mode of flight which is the mode of flight in which 

aircraft away from airports fly. (Cole Report at 8).
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Therefore, the actual crash rate for General Aviation aircraft for the PFSF would be only 

4.1% of the rate calculated above, which was based on the assumption that all air crashes 

are evenly distributed throughout the State.  

Thus, the realistic General Aviation crash rate for the PFSF would be 2.1 x 10-7 

crashes/year multiplied by 4.1% or 8.8 x 10-9 crashes per year.  

Although business jets are included in General Aviation aircraft, it is important to note 

that business jets, such as the Cessna Citation, are typically corporate aircraft flown by 

professional pilots. Such aircraft generally fly on designated airways when they are 

flying to and from Salt Lake City International Airport and other airports, as they would 

be when passing Skull Valley, Utah. Thus, the likelihood of larger General Aviation 

aircraft crashing into the PFSF is represented in the risk evaluated for the nearest airways 

J-56 and V-257. It is safe to assume that most General Aviation aircraft from outside of 

Utah would be corporate jets that would follow these designated airways.  

The above calculation is conservative in that most of the General Aviation aircraft 

are smaller aircraft, such as the Cessna 172, which would not exceed the impact of design 

basis tornado missiles for the PFSF. The largest tornado missile, the impact of which the 

storage casks at the PFSF are designed to withstand, is defined as an 1800kg (3,9681b) 

car moving at 126mph. (PFSF SAR at 8.2-17) This missile translates into the following 

momentum: 

Momentum = Mass x velocity 1 kg=2.20461bs 

Momentum = 3,968 x 126 = 500,003 lb x miles/hour
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Thus, the storage casks at the PFSF can withstand the impact of a missile with a 

momentum of 500,000 lb. miles/hour. The Canister Transfer Building tornado design 

basis missile is a 1800kg car moving at 84 mph and for which the momentum would be 

less, but the area of the Canister Transfer Building is less than one-tenth of that of the 

storage area.  

The Cessna 172 is a typical light aircraft. It weighs 2,500 lbs and flies at 1 00kts 

(114mph). The momentum of a Cessna crashing into the site would be: 

Momentum of Cessna = 285,000 lb x miles/hour, or 57% of the momentum of the 
most massive tornado missile for which the storage casks are designed to 
withstand.  

This number is conservative in several respects. First, if such an aircraft were to strike 

the PFSF, it would most likely be while the pilot was attempting to land, which means it 

would be at slower speeds, on the order of 80 mph. Second, light aircraft are not 

designed for impact protection of the occupant and are less likely to penetrate concrete 

because of their flimsier construction. Hence, the effect of a crash of a light aircraft on 

the PFSF would likely be less than that suggested by the aircraft's momentum at impact.  

The effect would be more accurately modeled by considering the impact of a solid, 

unitary component of the aircraft such as an engine block. Such components obviously 

weigh substantially less than the whole aircraft and thus their impact into the PFSF would 

be much less likely to cause a radioactive release.  

Of the 162,342 General Aviation Aircraft in the United States, 137,049 were single 

engine piston types, and approximately three fourths of those weigh less than 3,500 lbs.  

Thus, 84% of all General Aviation aircraft are single engine piston types. Sixty-three 
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percent of all General Aviation aircraft are single engine piston types that weigh less than 

3,500 lbs. Crashes involving planes of less than 3,500 lbs. would not be expected to pose 

a threat to SCCs at the PFSF per the above analysis. (Note that a 3,500 lb. General 

Aviation aircraft would typically be flying at a speed similar to that of a Cesna 172 at 

impact - under 100 kts or 114 mph. The momentum of such an aircraft would be less 

than 400,000 lb. miles/hour.) 

Thus, applying those ratios to the 1,218 General Aviation aircraft in the State of Utah, 

there are approximately 1,020 single engine piston aircraft in the State and approximately 

765 of those weigh less than 3,500 lbs. That leaves only approximately 455 General 

Aviation aircraft in the entire State that could potentially pose a threat to the PFSF if they 

were to crash into it.  

In summary, the probability of a General Aviation aircraft impacting the site is "low 

enough to be considered not credible". Further, the substantial majority of General 

Aviation aircraft would pose no hazard to the PFSF even if they were to crash into it 

because of their small size.  
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EFFECTIVE PLANT AREA CALCULATION 
FOR GENERAL AVIATION AIRCRAFT 

The effective area of the PFSF may be calculated as set forth below for General Aviation 

aircraft crashes (see calculation of effective PFSF area in Answer to Question 1).  

General Aviation aircraft parameters necessary to calculate the effective area are: 

Ws =50 ft., S = 60 ft., cot 0 = 8.2 (ATTACHMENT H) 

2xLxWxWs 
Af =(W + R) x H x cot 0 + + L x W (ATTACHMENT H) 

R 

Cask Storage Area 

Af= (50 + 2199.66) x 19.58 x 8.2 + 2x1590x1520x50+ 1520 x 1590 

2199.66 

= 361,196 + 109,872 +2,416,800 sq. ft.  

= 0.104 sq. mi.  

A= (W, + R) x S = (50+2199.66) x 60 = 134,980 sq. ft.  

= 0.005 sq. mi.  

Acff = 0.109 sq. mi.  

Canister Transfer Building 

2x 260x65× 50+206 

Af =(50 + 268) x 90 x 8.2 + 260 x 65 268 

- 234,684 + 6,306 + 16,900 sq. ft.  

= 0.009 sq. mi.  

As= (50 + 268) x 60 = 19,080 sq. ft. = 6.8 x 10-4 sq. mi.  

Aeff-- 0.0097 sq. mi.  

Site Afrf = 0.119 sq. mi.
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MILITARY AIRCRAFT TRANSITING SKULL VALLEY 

NRC Comment 3 -- PFS should produce documentation from the U.S. Air Force 

indicating that virtually all military aircraft that transit Skull Valley en route to using the 

Utah Test and Training Range (UTTR) are F-16s. The documentation should state 

specifically that the other types of aircraft listed by the Federal Aviation Administration 

as potentially using the UTTR do not fly through Skull Valley.  

PFS Response -- Of the total aircraft sorties in the UTTR each year, approximately 70% 

are F-16's. Traffic en route to the UTTR through Skull Valley varies, but averages 

approximately 10 aircraft daily. According to the U.S. Air Force, there were 3,871 Skull 

Valley transits in 1998, and they were almost entirely F- 16 flights originating from Hill 

AFB (ATTACHMENT A). 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-16's transit 

Skull Valley. While a variety of other military 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." F-16's that work in the UTTR North Area are not 

a factor since during ingress, range work, and egress they do not pass near the proposed 

PFSF site.  

Of the F-i 6's that transit Skull Valley, less than a quarter actually carry live ordnance.  

No combat maneuvers are performed, during the Skull Valley transit, but clearing turns 

(looking for other aircraft) and "G" awareness maneuvers (range warm-up) are conducted 

on a routine basis. 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, which are 9 statute miles to the southwest at the closest point. The 

UTTR has not experienced an unintended munitions release outside of designated 

launch/drop/shoot boxes (ATTACHMENT E). The boxes are at least 30 statute miles 
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from the proposed PFSF site. The F16's work in the south ranges. Wildcat Range is the 

range closest to the proposed PFSF site where live ordnance is expended and it is 30 

statute miles west by northwest of the proposed site. No run-in headings for weapons 

delivery currently transit over the Skull Valley area. When the F-16's complete their 

work on the range, they fly north to return to Hill AFB and do not pass near the proposed 

PFSF site.  

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 

MOA/Usage Report, and aircraft other than F-i 6s use the UTTR, there is no requirement 

for aircraft other than the F-16's to transit Skull Valley, and as indicated by the U.S. Air 

Force Deputy Chief of Safety, they do not do so.
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MICHAEL ARMY AIRFIELD

NRC Comment 4 -- PFS should address, with respect to the potential hazard from 
aircraft crashes associated with air operations at Michael Army Airfield, the issue raised 
in the Lawrence Livermore National Laboratory Report, "Aircraft Crash Assessment of 
U.S. Nuclear Reactor Power Plant Sites Using the NRC Methodology," UCRL-JC
128664 (February 20, 1998), that aircraft crashes associated with near-airport operations 
can occur up to 30 miles away from the airport.  

PFS Response -- Our research indicates that crashes associated with near-airport 

operations are confined to within 10 miles of airports. Moreover, we believe that the 

sources cited by Prassinos and Kimura support our findings rather than their suggestion 

that crashes associated with near-airport operations extend out to within 15-30 miles of 

airports.  

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.  

The key issue for consideration and resolution is where or at what distance from the 

airport do near-airport operations end and non-airport operations begin. A related issue is 

the angle from the runway at which a facility is located. The PFSF site is located at 900 

or at right angles from Michael Army Airfield which puts the PFSF in the low risk 

quadrant.  

The Department of Energy "Accident Analysis for Aircraft Crash Into Hazardous 

Facility," DOE Standard 3014-96, October 1996 (ATTACHMENT H), 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 
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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, one can 

consider crashes to be in the non-airport environment. (page B-9) Takeoff crashes for 

military aircraft are concentrated along the extended centerline of the runway.  

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 near

airport and non-airport environments. This DOE analysis was used to conduct a detailed 

risk analysis of DOE facilities throughout the nation. Its findings have been validated 

through detailed analysis and actual usage, and there is no proven reason at this point to 

change the "up to 10 miles from the runway" boundary for near-airport operations.  

The most important conclusion from this portion of the DOE analysis is that the proposed 

PFSF site, located 17.25 statute miles away on a magnetic bearing of 0350, is outside the 

trash risk area of near-airport operations and at right angles (900) from the direction of 

flow for takeoff and landing traffic at Michael AAF (ATTACHMENT K). Consequently, 

the proposed 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 

minimal.  
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NUREG 0800, the guidance which the NRC staff has traditionally used to evaluate air 

crash hazards, also indicates that crashes associated with near-airport operations are 

confined to within 10 miles of airports. NUREG 0800 contains a table on page 3.5.1.6-4 

entitled "Probability (X 108) of a Fatal Crash per Square Mile per Aircraft Movement 

(ATTACHMENT B). The "Distance from End of Runway (Miles)" Column extends 

only out to 10 miles. 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 900 off the 

runway alignment, 17.25 miles from the runway.  

The Federal Aviation administration has also published an analysis entitled "Location of 

Commercial Aircraft Accidents/Incidents Relative to Runways," DOT/FAA/AOV 90-1 

(ATTACHMENT C). 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 1000'," 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.  

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
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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.  

The Lawrence Livermore National Laboratory Report, "Aircraft Crash Assessment of 

U.S. Nuclear Power Plant Sites Using the NRC Methodology;" by Prassinos and Kimura, 

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 commercial 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." 

The Prassinos and Kimura Livermore Report has neither the breadth nor depth, by itself, 

of the current NRC and DOE methodologies to warrant changing the boundaries of the 

near-airport operations region. First, the Prassinos and Kimura Livermore Report seems 

to focus more on the General Aviation Case with a only side-bar look at commercial and 

military aviation, which are relevant to operations at Michael Army Airfield. Second, 

Prassinos and Kimura present no data to support their suggestion that near-airport 

operations ought to be defined to extend out to 15-30 miles from an airport other than to 

cite two references: "Aircraft Accident Data Development for Aircraft Risk Evaluation 

to Ground Facilities Through the Use of a G.I.S." by Kimura et al. (ATTACHMENT F) 

and "Data Development Technical Support Document for the Aircraft Crash Risk 

Analysis Methodology (ACRAM) Standard," by Kimura et al. (ATTACHMENT G).  
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The first relevant reference cited by Prassinos and Kimura, "Aircraft Accident Data 

Development," 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 crashes occur less than 

a mile from the runway threshold and that the fraction of near-airport 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. There was no 

indication in the report that near-airport commercial and military aircraft crash location 

distributions do not approach the background value until about 15-30 miles from the 

airport.  

Data Development Technical Support Document for the Aircraft Crash Risk Analysis 

Methodology (ACRAM) Standard by Kimura, Glaser, Mansing, Lin, Haley, Barto, and 

Stutzke is the other reference cited by Prassinos and Kimura in their Livermore report.  

The Data Development Technical Support Document begins by defining 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 Enroute/In-Flight Environments" (p. 1-8 and p. 5-4). On page 5

1, the reference similarly states that as aircraft leave "11,000 feet Mean Sea Level and 

approximately 35 miles from its destination the aircraft is handed over for guidance from 

the ARTCC to the TRACON." This statement adds to the assumption or presumption 

made in the report that near-airport operations extend out to 35 miles from the airport, an 
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assumption which appears to be based wholly on air traffic control, and not air crash, 

considerations.  

The only data that we could discern 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 example, 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 the data to prepare its analysis, it 

did not define near-airport crashes as extending out to 15 to 30 miles from the airport 

(ATTACHMENT H). Indeed, the Data Development Technical Support Document itself 

(at 4-16 TO 4-17) indicates that the incidence of crashes of military aircraft 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 even on the basis of data in the report, the PFSF would 

not be affected by crashes associated with near airport operations at Michael Army 

Airfield.  

In summary, neither the Prassinos and Kimura Livermore Report nor its references 

provides sufficient justification for extending the boundaries for near-airport operations.  

Therefore, there is no reason to depart from the NRC staff's traditional view, which is 

supported by our independent research, that near-airport crashes occur only within 10 

miles of airports, particularly in this case where the PFSF is located at right angles to the 

Michael Army Airfield runway alignment.
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HUNG ORDNANCE 

NRC Comment 5 -- PFS should demonstrate, using documentation from the U.S. Air 

Force regarding the history of military air operations on and around the UTTR, that it is 

not credible that hung ordnance would strike the PFSF.  

PFS Answer -- 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" (ATTACHMENT E). Consequently, no 

such release has ever occurred in Skull Valley. In addition, aircraft overflying 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 

ranges within the UTTR where the bombs are to be dropped. In addition, each weapon 

tested on the UTTR has a run-in heading 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 currently 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 5001b bombs. The weight of these bombs absent explosive charges poses little 

risk to the proposed PFSF site. BDU-33's have ballistic characteristics similar to MK 82 

bombs but 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, only approximately 15% of the 8,711 UTTR sorties flown in Fiscal Year 1998
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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 only five hung ordnance aircraft diversions/recoveries into 

Michael AAF during 1998 (ATTACHMENT D). 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 1,300 sorties (approximately 15% of the 8,711 over the UTTR) 

produces a probability for failing to release of approximately one in two-hundred and 

fifty. 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 at least 30 statute miles from the proposed 

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 take 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 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
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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 the northwest, approximately 20 statute miles from the 

proposed 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 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.  

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. Consequently, hung ordnance 

striking the PFSF is not a credible event.
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CRUISE MISSILES 

NRC Comment 6 -- PFS should demonstrate, using documentation from the U.S. Air 

Force regarding the history of military air operations on and around the UTTR, that it is 

not credible that cruise missiles fired or tested on the UTTR would strike the PFSF.  

PFS Response -- It is not credible that a cruise missile would strike the PFSF. Missile 

launches are generally confined to the northern and western portions of the UTTR and are 

at least 30 statute miles away from the proposed PFSF site. Run-ins, drops, and launches 

are normally done from north to south or east to west and are thus directed away from the 

proposed PFSF site.  

Cruise missiles and other weapon systems that have a capability of exceeding range 

boundaries 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 weapon flight path, on command, in the event of a weapon anomaly.  

Before a bomber launches a test cruise missile, the Mission Control Center verifies that 

the missile's remote control and flight control systems are working properly. At all times 

throughout the flight the cruise missile FTS must detect a signal that in effect permits the 

missile to keep flying. If the missile does not detect the signal for a preset time, the FTS 

activates. Safety Officers can also activate the FTS, if required, at any time. The Range 

Safety Officer at Mission Control and the Airborne Range Instrumentation Aircraft are 

also both capable of terminating missile flight almost immediately. In response to an 

18 December 1998 FOIA request, the U.S. Air Force stated unequivocally that the UTTR 

has never experienced a FTS failure (ATTACHMENT E).  
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There are only approximately six cruise missile launches per year in the UTTR. Thus 

launches are infrequent events. In addition, there has never been a cruise missile crash in 

Skull Valley or anywhere near the proposed PFSF site. As stated earlier, the Air Force 

has never experienced an unintentional munitions release, which includes cruise missiles, 

outside of designated launch/drop/shoot boxes on the UTTR. This yields a practical 

historical probability of zero. In addition, cruise missiles are equipped with Flight 

Termination Systems which have never failed on the UTTR which also produces a 

practical probability of zero. Consequently, it is reasonable to assign a subjective 

probability of zero for a cruise missile fired or tested on the UTTR striking the PFSF.  

Consequently, a cruise missile striking the PFSF is not a credible event.
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OTHER AIR-DELIVERED ORDNANCE 

NRC Comment 7 -- PFS should demonstrate, using documentation from the U.S. Air 

Force regarding the history of military air operations on and around the UTTR, that it is 

not credible that air-to-air or air-to-ground munitions fired or dropped on the UTTR 
would strike the PFSF.  

PFS Response -- It is not credible that air-to-air or air-to-ground munitions used on the 

UTTR would strike the PFSF. 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, which are 9 statute miles to the southwest at the closest 

point. The U.S. Air Force has stated unequivocally that the UTTR has never experienced 

"an unanticipated munitions release outside of designated launch/drop/shoot boxes" 

(ATTACHMENT E). The boxes are at least 30 statute miles from the proposed ISFSI 

site. Wildcat Range is the range closest to the proposed ISFSI site where live ordnance is 

expended, and it is 30 statute miles west by northwest of the proposed site. Furthermore, 

no run-in headings for weapons delivery transit over the Skull Valley area.  

As stated in response to Question 6, weapon systems that have a capability of exceeding 

range boundaries 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 

(ATTACHMENT E).  

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 
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expended is 30 miles from the proposed PFSF site. To add an extra margin of safety, 

Mavericks are not even fired in the direction of the proposed PFSF site and the solid 

propellant rocket motor is only provided enough fuel to fly 5 miles.  

The UTTR has never experienced an unintended munitions release, including air-to-air 

and air-to-ground munitions, outside of designated launch/drop/shoot boxes and the 

nearest of which to the proposed PFSF site is 30 miles away. The UTTR 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-to-air or air-to-ground ordnance striking the PFSF is not a 

credible event.
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Jack Cole 
From: Bergman, Charles, Col, SE [IMCEAMS

ENTERPRISE_AFPOl bergmanc~pentagon.af.milI 
Sent: Friday, June 25, 1999 10:29 AM 
To: 'Cole, James L Jr. BGEN' 
Subject: Low risk to Skull Valley 

Sir 

I was unable to reach you via telephone so I believe the quickest way to answer your question 
relative to aircraft other than F-16's transiting Skull Valley may be email. If you recall from our 
earlier conversations pursuant to your FOIA requests, nearly all of the aircraft traffic that transits 
Skull Valley is from locally based F-16!s at Hill. As you know, one of my best staff officers (Lt Col 
Dan Phillips) has more than 3 and one-half years experience flying F-16's out of Hill AFB. At my 
request (to ensure the data we provided to your FOIA requests were both entirely factual but also 
in context) Dan contacted Mr Trainer of Hill AFB Clover Control. Based on a series of telephone 
conversations Dan had with Mr Trainer, I believe it is a rare exception that any military aircraft, 
other than locally assigned F-16s, transit Skull Valley. While a variety of other military aircraft 
operate in the vast UTTR airspace on many different mission profiles, there is simply no need for 
them to transit the airspace located above Skull Valley. It is my understanding that the Skull 
Valley airspace is mission critical to local F-16 operations since it provides access to the South 
range complex.  

I hope this summary of our conversations puts in context my opinion on the risk posed by other 
than F-16 aircraft to the Skull Valley area. You may wish to query Hill AFB Commanders if you 
desire further information, as they may be able to share additional data and insight.  

Very Respectfully, 

Col Charlie Bergman 
Air Force Deputy Chief of Safety



N = number of flights per year along the airway, and 

A = effective area of plant in square miles.  

This gives a conservative upper bound on aircraft impact probability if \ 
care is taken in using values for the individual factors that are meaning-h 

ful and conservative. For commercial aircraft a value of C = 4 x 1 0 -10 
(Ref. 11) per aircraft mile has been used. For heavily traveled corridors 
(greater than 100 flights per day), a more detailed analysis may be required \ 
to obtain a proper value for this factor.  

Civilian and Military Airports and Heli-Ports (Refs. 2, 4, and 14). The
probability of an aircraft crashing into the site should be estimated for 
cases where one or more of the conditions in Item II.1 of the Acceptance 
Criteria are not met.  

The probability per year of an aircraft crashing into the site for these 
cases (PA) may be calculated by using the following expression: 

L M P A I I Cj Nj AJ 
i=1 j=lCNi 

where:

M 
L 
C.  

N..  
*1.  

A.  
J

I

= number of different types of aircraft using the airport, 
= number of flight trajectories affecting the site, 
= probability per square mile of a crash per aircraft movement, 

for the jth aircraft, 
= number (per year) of movements by the jth aircraft along the 

ith flight path, and 
= effective plant area (in square miles) for the jth aircraft.

The manner of interpreting the individual factors in the above equation 
may vary on a case-by-case basis because of the specific conditions of 
each case or because of changes in aircraft accident statistics.  

Values for C. currently being used are taken from the data summarized in 

the following table:

Distance From 
End of Runway 

(miles)

0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 
8-9 
9-10

Probability (x l08) 
Mile per 

U.S. Air Carrier"

16.7 
4.0 
0.96 
0.68 
0.27 
0 
0 
0 
0.14 
0.12

of a Fatal Crash per Square 
Aircraft Movement 
General Aviation2 • USN/USMC 1

84 
15 

6.2 
3.8 
1.2 
NA3 

NA 
NA 
NA 
NA

8.3 
1.1 
0.33 
0.31 
0.20 
NA 
NA 
NA 
NA 
NA

lReference 2.  
2 Reference 4.  
3 NA indicates that data was not available for this distance.  

3.5.1.6-4 Rev. 2 - July 1981 1

3.

I

USAF' 

5.7 
2.3 
1.1 
0.42 
0.40 
NA 
NA 
NA 
NA 
NA
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EXECUTIVE SUMMARY 

Information on the location of aircraft 
accidents/incidents in the airport vicinity in relation to 
runways has many applications. It is useful to persons 
involved in the planning and design of an airport and its 
surrounding areas, as well as those responsible for 
day-to-day airport operations.  

The location of an aircraft involved in an accident or 
incident may be documented by the National Transportation 
Safety Board and the Federal Aviation Administration during 
the course of their investigation. When available, it will 
appear in the record of the individual investigation.  
However, this location information is not available from 
either of these agencies in a summary form.  

This study was undertaken to compile in one document the 
location relative to the runway of these accidents/incidents 
for aircraft involved in commercial air transportation in the 
United States. Since it is intended that this information 
will be used mainly to make decisions on individual airports, 
no attempt was made to reach conclusions or make 
recommendations based on the data.  

The National Transportation Safety Board's dockets of 
commercial aircraft accidents/incidents that occurred from 
1978 to 1987 were reviewed to determine the aircraft location.  
This review was limited to aircraft operating under Part 121, 
Part 129, and Part 135 of the Federal Aviation Regulations; 
only scheduled operations were examined under Part 135.  

The accidents/incidents used for this study were 
categorized as undershoots, landings off the runway, veeroffs, 
overruns, and other in the vicinity of the airport. The 
aircraft location was recorded in terms of the distance along 
the runway centerline or extended centerline (X distance) and 
the perpendicular distance from the centerline or extended 
centerline (Y distance.) 

Appendix 1 provides an explanation of the methodology 
used to identify applicable accidents/incidents and to 
determine the aircraft location. Appendix 2 provides a 
listing of all the accidents/incidents included in this study, 
while additional appendices list the accidents/incidents in 
each category.  
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DEPARTMENT OF THE ARMY 
U, S. ARMY DUGWAY PROVING GROUND 

DUGWAY. UTAN 9C24=4= 

AmrEMNTON OF January 25, 1999 

Office of the Command Judge Advocate 

Mr. James L. Cole, Jr.  
Burdeshaw Associates, Ltd.  
4701 Sangamore Road 
Bethesda, MD 20816 

Dear Mr. Cole: 

Pursuant to your Freedom of .nformation Act (FOIA) request dated January 22, 1999, 
please find enclosed the information you requested regarding emergency landing recoveries at 
Michael Army Air Field, U.S. Army Dugway Proving Ground, Utah. You also inquired 
about hung ordnance recoveries.  

Dugway records only go back to 1995 with the most complete records compiled for 
the last two years. There were no explosionm of hung ordnancc during any of thcsc ycar3.  
You may wish to contact the Air Force for additional information. POC at Dugway would 
be Mr. Carmie Zaccardi. Chief. Dugway Operations, 388th Range Squadron RANS/DW; 
telephone (435) 831-5239/5275.  

Fees incurred to process your request were less than the minimum charge. Therefore, 

there is no charge to you. If you have questions concerning our response to your request.  
please direct them to Ms. Teresa Shinton, FOIA Manager, (435) 831-3716.  

Sincerely, 

F. Gil Brunson 
Lieutenant Colonel. U.S. Army 
Command Judge Advocate

Enclosure



DBO-A'VN 73Ion 1999 

MEMOK4ANDUM FOR.  

SUBJECT: Aircrft Emer~cy TotalL 

I. The follewing numnbm represcnt the atzz-All that. were diverted into Michael Army 
Aiufield

1995*' 1996* 1997 1998 
'Emm-Auuitz 5 6 9 10 
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WEAPONS TESTING ON THE UTTR 
SOUTH RANGE 

I.WEAPONS SYSTEM EVALUATTON PROGRAM (WSEP) Nicknamed "Combat Hammer": This 

program is held annually during a two week period normally in May or June. Combat Hammer is designed 

to evaluate weapon system combinations from buildup through impact. Aircraft from all United States Air 

Bases, both continental U.S. and overseas may be involved. Aircraft include F-15E, F-16, F- 117, A-10, B-I 

and the B-52. The May 1997 WSEP was the largest WSEP effort in history. It involved over 400 people, 

2126 sorties, 56 aircraft, and 167 weapon employment's.  

Weapon Systems Evaluated by type and average number each year: 

a. GBU -10/12/24/27 4 - 60 weapons (inert warhead) 

b. GBU-15 6 - 12 weapons (inert warhead) 

c. AGM-142 2 weapons (inert and live warhead) 

d. AGM-65 40- 60 weapons (Live warhead) 

e. AGM-130 2 - 6 weapons (inert warhead) 

f. AGM-88 2- 21 weapons (inert warhead) 

g. AGM-86 3 - 4 weapons (inert warhead) 

h. AGM-86C 1 - 2 weapons (live warhead) 

i. AGM-129 3 - 4 weapons (inert warhead) 

NOTE: Weapon systems indicated in bold have a Flight Termination System (FTS) installed. Weapon 

systems that have a capability of exceeding range boundaries are required to have an FTS installed prior to 

testing on the UTTR. Additional information pertaining to FTS requirements are identified in the 

388RANS Supplements 1 & 2 to AFI 13-212. The FTS systems are designed to destruct the weapon and 

terminate the weapon flight path, on command, in the event of a weapon anomaly from the Mission Control 

Room at Hill AFB. Averages of three AGM-88s are destructed each year during the WSEP deployment.  

The UTTR has never experienced a FTS failure.  

The normal range ingress is as follows: 

a. Aircraft employing AGM-88s depart Hill AFB and proceed direct to the Delta VORTAC and enter the 

Sevier "B" MOA and then direct to R-6405 and dedicated targets located in R-6407/R-6406.  

b. Aircraft employing AGM-65s depart Hill AFB and proceed direct to the Delta VORTAC and enter the 

Sevier "B" MOA and then enter the range via Sevier MOAs (SKULL VALLEY) to R-6406 and dedicated 

targets in R-6406 or direct from the Delta VORTAC to R-6405 and dedicated targets located in R-6406.  

Aircraft transitioning over Skull Valley include F-15, F-16 and A-10. Normal flow is eight aircraft per hour 

during a two hour period range period Monday-Thursday, WSEP Deployment. Each aircraft will carry a 

maximum of two live AGM-65 missiles. Altitude is from 5,000 to 10,000 feet above ground level.  

c. Aircraft employing GBU-10/12/15/24/27s or AGM-130s depart Hill AFB and proceed direct to the Delta 

VORTAC and enter the Sevier "B" MOA and then enter the range via Sevier MOAs (SKULL VALLEY) 

to R-6406 and dedicated targets in R-6407. Aircraft transitioning over Skull Valley include F- 15, F- 16, F

117 and A-10. Normal flow is eight aircraft per hour during a two-hour period range period, Monday

Thursday WSEP Deployment. Each aircraft will carry a maximum of two inert GBU/AGM-130 weapons.  

Altitude is from 5,000 to 10,000 feet above ground level.  

d. Aircraft (B-52) employing AGM-142 depart their homebase and proceed direct to the UTTR via flight 

plan routes and enter the range from low level flight routes terminating on entry into the range via R-6405 

or R-6406.  

The normal range egress is as follows: 

All aircraft staging out of Hill AFB depart R-6406 direct to Hill AFB as assigned by Clover Control.  

' ircraft departing for home base depart R-6406 as assigned by flight plan routing.



5. AGM-86 Air Launched Cruise Missile (ALCMf 

The ALCM is an autonomous guided weapon system. Flight profiles vary but generally utilize all 

restricted areas and MOA's in the south range. Missile profiles that transit from the south range to the north 

range MOA's (Lucin) exist, but are rarely flown. Flight times vary depending on profile, but generally last 

3 to 3.5 hours.  

6. AGM-86C Conventional Air Launched Cruise Missile (CALCMI) 

_ALCM variant equipped with a live conventional warhead flight profiles allow it to fly only in restricted 

airspace and only over DOD withdrawn lands. Flight time is approximately 1.5 hours.  

7. AGM-129 Advanced Cruise Missile (ACM) 
Improved version of the ALCM Flight profiles vary but generally utilize all restricted areas and MOA's in 

the south range. Missile profiles that transit from the south range to the north range MOA's (Lucin) exist, 

but are rarely flown. Flight times vary depending on the profile, but generally last 4 to 5 hours.  

8. "Hanaing Bombs" 
All weapons testing conducted on the UTTR go through a comprehensive safety review and risk anaysis.  

Footprints are established using guidelines in AFT 13-212, volumes 1-Il or as provided by the customer.  

The 388RANS establish Shootcones/Release boxes and all aircraft must adhere to safety parameters 

established. Currently all non-FTS equipped weapon ShootconesRelease boxes are within restricted 

airspace over Department of Defense (DOD) owned lands. "HUNG BOMB" procedures are conducted in 

accordance with aircraft Technical Orders (TOs) and applicable AFIs. Test procedures are contained in the 

388RANS supplement to AFI 13-212.  

9. Probability of an unintentional release of live ordnance at any given location in Skull Valley and at 

the Skull Valley Reservation.  

No aircraft overflying the Skull Valley are allowed to have their armament 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.  

10. Run-in headings for weapons testina.  
Each weapon tested on the UTTR has a run-in heading established during the safety review process.  

Footprints, time of fall, altitude at release and release airspeed dictate the headings allowed. No run-in 

headings are currently over the Skull Valley area.  

S................................................... - ------------------ ----- --------------------------

NOTE.  
The information provided is based on our assumption that the main areas of interest would be the Southern 

UTTR ranges. The southern ranges consist of R-6402, R-6405, R-6406, R-6407 and the Sevier A, B, C, and 

D MOA's
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ABSTRACT 
The close proximity of airports and air navigation 

facilities to certain ground facilities have been perceived to 
be a serious hazard to the public because of the activities or 
the large number of people associated with that facility.  
Examples of aviation threats to ground facilities are the 
coUocation of several large commercial shopping malls 
near the approach and departure routes of nearby airports, 
such as Thi Eastidge Mall in San Jose, CA, located near the 
Reid.Hillview general aviation airport, and the Sun Valley 
Mall in Concord, CA, located near Buchanan Field which 
serves gencral and commercial aviation traffic. Although 
the possibility of an aircraft crashing and hitting a 
particular building or facility may be quite small, tie 
results are perceived to be serious enough to warrant 
additional attention, 

A previous paper [Ref. Ij described how the risk due to 
aviation traffic near ground facilities has been detemined 
in the past, and how this risk determination could be 
improved by focusin on the actual traffic patterns near the 
facility under scrutiny. This paper will extend the concepts 
presmted in the previous paper by the application of these 
concepts to a limited example situation. The airport chosen 
for this example application is the Salt, Lake City 
Intrational Airport located nea Salt Lake City, Utah This 
situation will be analyzed through the use of a category of 
computer software called a Geographical Information 
Systeni or G.I.S.  

Among the features of a G.I.S. that ]ends itself to the 
evaluation of risks is its ability to manage large amounts of 

" Work performed under the auspices of the U.S. Department 
of Energy by the Lawrence Livermore National Laboratory 
under Contract W-7405-Eng-48.

information through The use of its database manager.  
Because aircraft crashes, even those involving general 
aviation, are relatively uncommon events, a probabilistic 
risk analysis must be accomplished in order to develop 
realistic risk estimates without undue conservatism 
included. In order to develop the probabilistic 
distributions that the various models used to estimate the 
risk of aircraft crashes require, a large amount of data must 
be padthead, organized, and modified to a form suitable for a 
G.IS. This paper will describe the data required to calculate 
the aircraft risk to ground facilities, where that data can be 
obtained, and how it can be organized and modified for use 
by a GI.S. The description of the G.I.S. and how it 
manipulates the data to present the results graphically will 
be pmented in another paper [Rf. 3] 

INTRODUCTION 
The close proximity of airports and air navigation 

facilities to certain ground facilities have been perceived to 
be a serious hazard to the public becas of the activities or 
the large number of people associated with that facility, 
Examples of aviation threats to ground facilities arc the 
collocation of several large commercial shopping malls 
near the approach and depatuir routes of nearby airports, 
such as the Eastridge Mall in San lose, CA, located near the 
Reid-Hiliview general aviation airport, and the Sun Valley 
Mall in Concord, CA, located near Buchuana Field which 
serves general and commercial aviation traffic. Other 
facilities include the Hollywood Park Racetrack that lies
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Table 6 Presents the accidents, aircraft dassage, 
operations and rates for U.S. air caiers operaltin under 14 
CFR 135 (Ret 141, for the 1978-1993 time period as 
compiled by the NTSB by Reference 16. The average 
accident rate for Part 135 Scheduled Air Carimrie for 1978
1993 is 1.8 E-5 accidents/aircraft hour, 6.2 E-8 
accidectsaircraft mile, and I. E-5 accidents/dkeat=. The 
average crash rate for Part 135 Scheduled Air Carmrier for 
1978-1992 is 1.8 E-5 crashes/aircraft hour, 7.0 E-8 
crashes/aircraft mile, and 1.2 E-5 crashes/departures.  
Approximately 97% (399 of 412) of the accidents 
involving Part 135 aircraft resulted in destruction or major 
damage to the aiframe.  

Again, the crash rates presented by Table 6 rermest The 
average crash raes over the entire flight. Assumiq th the 
number of accidents involving scheduled Part 135 aircraft 
in each flight phase can be approximated by general 
aviation turboprop aircraft, Reference 1 determines the 
probability of an air taxi crash during the takeoff and 
landing flight phases. As for air carriers, excluding 
accidents that occurred during loading, taxiing, and 
unloading, and considering the accidents that happened 
during the takeoff run and initial clhib flight phases u 
takeoff crashes, and accidcnts that happened during the 
initial (airport) approach, final (runway) approach, and 
landing roll flight phases as landing crashes, the takeoff 
and landing crash percentages are 21.9% and 49.7%, 
respectively, for scheduled Part 135 aircraft. The 
combination of the takeoff and landing crashes equals 
71.7% of the total number of number of crashes. The 
probability of an air taxi crash during take is (0.219) 0 1.2 
E-5 crashes/departarc or 2.6 E-6. The probability of an air 
taxi crash during landing is (0.497) 0 1.2 E-5 
crashes/departr'e or 6.0 E-6. The combined probability of 
an air taxi crash during takeoff or landing is (0.717) 1 !.2 E
S crashes/departure or 8.6 E-6.  

While general aviation represents a minority of dhe total 
air operations at SLC, its magnitude may be sufficient to 
cause concern to those facilities that are not built with steal 
frameworks or with reinforced concrete wells and roofs.  
Because very few general aviation accidents do not result in 
destuction or major damage to the airframe (only 216 out 
of 16,320 or 1.3% for the 1996-1992 time frame as 
tabulated by Reference 11), the NTSB general aviation 
accident rate will be applied directly as the general aviation 
crash rate. Table 7, derived from Ref. 18, gives the average 
distribution of active aircraft, hours flown, nautical miles 
flown, landings by general aviation subcategory type 
averaged over the 1986-1992 time period for the entire U.S.  
Table 7 also gives the general aviation accidents ratea by 
aircraft suboategory types. The average crash rate for gaeral 
aviation for 1986-1992 is 6.3 E-5 crashes/aircraft. hour, 4.5 
E-7 crashes/aircraft miles and 4.2 E-5 crasha/depaltu"e.  
Assuming that the gencral aviation aircraft population 
using SLC is similar to the U.S. average general aviation 
aircmft population, and that the operational characteistics 
are similar, it is possible to apply the U.S. general aviation

crash rte to SLC. The best hec of this assumption would 
be to do a airport specific survey of the general aviadon 
traffic at SLC. This was not done because of the time and 
expense involved.  

Reference 18 adjusts the geieral aviation crash rater 
given by Table 7 by the percentage of general aviation 
crashes for each flight phase. Excluding the crashes that 
occur during the non-flight phases, and applying the 
definition of takeoff and landing for air carners and air 
taxis to general aviation, the percentage of general aviation 
crashes that occur during the takoff flight phase is 25.6%.  
The percentage of general aviation crashes that occur during 
the landing tlighl phase is 44.9%. The combined percntage 
of general aviation crashes that occur during the takeoff or 
landing flight phases is 70.5%. The probabilities of a 
general aviation crash during takeoff, landing and 
combined takeoff and landing are .1 E-5, 1.9 E-., and 3.0 
E-5 , respectively.  

As research is still going on in the development of 
Reference 18, an estimate of the current crash rate for 
military aviation cannot be provided. Smith in Reference 11 
determines a crash probability for takeoff and landing for 
military aviation for the 1979-1981 time period. These 
crash probabilities are 1.6 E-6 for the take off phase, and 3.1 
E-6 for the landing phase. The combined rake off and 
landing crash probabilities is 2.4 E-6. These values will be 
used for the nulitary aviation crash probabilities ear SLC.  

AIRCRAFT CRASH LOCATION DISTRIBUTION 
Table & developed from Referenc 18 presents te crash 

location distibutions of 121 and 135 air carriers as a 
function of radial distance from the runway threshold and 
"angle to the runway centerline, Both the number of crashes 
and the percentage relative to the total dateset examined, are 
presented for each cell grid. For air carries and air taxis 
combined, about 65% of all crshes occur within 10" of the 
runway centerline, and about 50% of all crashes occur 
within one mile of the runway threshold.  

Table 9 developed from Reference 18 presents the crash 
location distributions of general aviation as function of 
radial distance from the runway threshold and angle to the 
ranway centerline, Again, both the number of crashes and 
the percentage relative to the total dataset examined, ara 
presented for each cell grid. For general aviation, about 32% 
of all crashes occur within 10 of the runway cesuerline, and 
about 47% of all crashes occur within one mile of the 
runway threshold,
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TABLE S. FROM REFERENCE 18

121/135 AIR CARRIER CRASH LOCATION DISTRIBUTIONS (NUMBER)

Runway 

a

Subtotals:

26 11 2 7 2 1 0 3 1 0 

4 0 3 0 0 0 0 1 0 0 

3 5 1 0 0 0 0 0 0 0 

1 0 0 0 1 0 0 0 0 0 

1 0 1 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 

2 0 1 0 o 0 0o 0 0o 0 

2 2 0 0 0 0 0 0 0 
-L -l - -o--

Angle to 

Centerfin 

0-9 

10-19 

20-29 

30-39 

40-49 

50-59 

60-69 

70-79 

80-90 

Subtotals: 18 

1-2

8 7 3 1 0 4 1 

2-3 3-4 4.5 5-6 6-7 7-8 8-9 

Radial Distance to Runway Threshold (miles)

0 

9-10

35 AIR CARRIER 

Runway 
S

CRASH LOCATION DISTRIBUTIONS (PERCENTAGES)

Subtotals:

33.3% 13.1% 2.4% 8.3% 2.4% 1.2% 0.0% 3.6% 1.2%/. 0.0% 

4.8% 0.0% 3.6% 0.0% 0.0% 0.0% 0.0%/. 1.2% 0.0% 0.0% 
3.-V, 6.0% 1.2% 0.06 0.0% 0.0% 0.0%- .0% 0.0% 0.0%

1.2% 00 0.0% 0.0% . 0.0% 0.0% 0.0% 0.0% 0.0% 

1.29% 0.0% 1 0.% 0.0% 1.2% 0.0% 0.0% 0.0% 0.0% 0.0% 
0.0% 0.0% 0.0% 0.0%/. 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

1.2% 0.0- 0.0% 0.0% 0.% 0.0% 0.0% 0.0%- 0-0 0.0-/l 

2.40/% 0.0% 1.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

2.4% 2.4%/6 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
-a - a - a -

50.0% 21.4% 

0-1 1-2

9.5% 

2-3

8.3% 

3-4

3.6% 

4-5

1.2% 0.0% 

5-6 6-7

4.8% 

7-8

1.20/% 

8-9

0.0% 

9-10

65.5% 

9.5% 

10.7% 

2.4% 

2.40/6 

0.0% 

1.2% 

3.6% 

4.8%

Radial Distance to Runway Threshold (miles)
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42 

0-1

55 

8 

9 

2 

2 

0 

1 

3 

4 

84

121/1• 

Angle to 

Centerlin 

0-9 
10,19 

20-29 

30-39 

40,49 

50-59 

60-69 
70-79 

80-90 

Subtotals:



TABLE 9. FROM REFERENCE IS

GENERAL AVIATION CRASH LOCATION DISTRIBUTION (NUMBER) 
Angle to Runway Subtotals:

-e 

365 83 49 26 58 19 10 15 2 22 

108 29 23 11 17 9 7 3 2 9 
73 25 16 10 14 9 5 8 1 3 
73 32 14 8 22 2 7 2 2 6 

100 48 30 26 31 14 7 5 2 9 
53 23 18 4 14 10 10 6 4 10 
38 13 6 7 6 3 6 4 4 8 
46 9 8 9 11 0 3 5 3 2 
94 26 21 10 33 9 5 12 3 15

Centerli! 

0-9 

10-19 

20-29 

30-39 

40-49 

50-59 

60-69 

70-79 

80-90 

Subtotals: 288 

1-2

185 

2-3

111 

3-4

206 

4-5

75 

5-6

60 60 23 

6-7 7-8 8-9

84 

9-10

649 

218 

164 

168 

272 

152 

95 

96 

228 

2042

Radial Distance to Runway Threshold (miles)

GENERAL AVIATION CRASH LOCATION DISTRIBUTION 

Angle to Runway 

Centerline 

0-9 17.9% 4.1% 2.4% 1.3%/6 2.8% 0.9% 0.5% 0.7% 
10.19 5.3% 1.4% 1.1% 0.5% 0.8% 0.4% 0.3% 0.1% 
20-29 3.6% 1.2% 0.8% 0,5% 0.7% 0.4% 0.2% 0.4%/a 
30-39 3.6% 1.6% 0.7% 0.4% 1.1% 0.1% 0.3% 0.1% 
40-49 4.9% 2.4% 1.5% 1.3% 1.5% 0.7% 0.3% 0.2%
50-69 2.6% 1.1% 0.91/6 0.2% 0.7% 0.5% 0.5% 0.3% 
60-69 1.9% 0.6% 0.3% 0.3% 0.3% 0.1% 0.3% 0.2% 

70-79 2.3% 0.4% 0.4% 0.4%/9 0.5% 0.0% 0.1% 0.2% 

80-90 4.6% 1.3% 1.0% 0.5% 1.6% 0.4% 0.2% 0.6% 
Subtotals: 46.5% 14.1% 91% 5 I A. 1.0. 'n 1 .a- 79/. 0 QOVL 0 Oe/_

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8

(PERCENTAGES) 

Subtotals:

0.1% 1.1% 

0.1% 0.4%/6 

0.0% 0.1% 

0.1% 0.3% 

0.1% 0.4%4 

0.2% 0.5% 

0.2% 0.4% 

0.1% 0.1% 

0.1% 0.7%

1.1% 

8-9

31.8% 
10.7% 

8.0% 

8.2% 

13.3% 

7.4% 

4.70/6 

4.7% 
11.20/6

4.1% 

9-10

Radial Distance to Runway Thrushold (miles)
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For military aviation, since the residment air unit based at 
SLC is the 151st Air Refueling Group of the Utah Air 
Natonal Guard (ANG), the majority of the military 
operations can be expected to be performed by this unit.  
This air re.acling unit operates the KC-135 Stratotanker, 
which is approxmate in size, weight, and performance to 
the Boeing 707 Since SLC aviation traffic is controlled by 
a FAA staffed control tower, and the majority of the military 
aviation operations can be expected to be performed by KC.  
135, the miliutry aviation crash location distribution will 
be modeled by the air carrier crash location distribution, 

TARGET EFFECTIVE AREAS 
Three faciliris, the West Valley Hospital, Granger Hih 

School, and the Valley Fair Shopping Mall will be 
considered as potential targets in a sample calculation in 
determining the crash frequency for aircraft flights 
approaching and departing runway 34 at SLC. These 
facilities only handle modest or insignificant amounts of 
hazardous or radioactive materials, if any, so the primary 
risk of an aircraft crash into the facility would be to the 
occupants of the facility These three "targets" were chosen 
because of their proximity to the flight path to SLC runway 
34, their large size, and the large number of people that can 
be expected to be in each facility during certain times of 
certain days.  

The Wcst Valley Hospital is located at approximately 
3500 South and 4100 West in West Valley City/Granger 
area. It is a six story structure with a total floor space of 
230,000 fL2 The ground footprint presented by te hospital

will be considered to be 230,000/6 or 39,333 ft.2 or 00014 
mi.2 The maximum dimensions presenEd by Lhe sucture 
will be considcred to be 200 ft. length and width, and 90 
feet height- The hospital is located about 5.4 miles from the 
threshold of Runway 34 at an angle of I 1.5 west of the 
approach path centerline of Runway 34, 

Granger High School is located at approximately 3650 
South and 3500 West m Granger. It is a two story structure.  
However, its has an auditorium that approaches 60 feet in 
height and a smokestack which approaches 100 fee! in 
height- It has a total floor space of 326,000 ft.2 The ground 
footprint presented by the school will be considered to be 
326.000/2 or 163,000 ft.2 or 0.0059 mi.2 The maximum 
dimensions presented by the structure will be considered to 
be 405 ft length and width, and 60 feet height. The school 
is located about 5.5 miles from the threshold of Runway 34 
at an angle of 70 west of the runway extended centcrline.  

The Valley Fair Shopping Mall is located at 
approximately 3650 South and 2500 West in Granger. It is a 
two story structure which approaches 50 feet in height. It 
has a total floor space of 608,000 fl.2 The ground footprint 
prcsented by the mall will be considered to be 608,000 /2 or 
304,000 ft. 2 or 00109 ni.2 The maximurn dimensions 
presented by the structure will be considered to be 550 ft.  
length and width, and 50 feet height. The shoppmg mall is 
located about 5.6 miles from the threshold of Runway 34 at 
an angle of 4,5° east of the runway extended centerline.  

The target information is summarized below, Also 
presented are the crash location fractions from Tables 8 and 
9 for the facilities located at those specific Locations.

Ground 
Footprint 

iaLil

West Valley 
Hospital 

Granger 
High School 

Valley Fair 
Shopping Mall

0.0014 

0.0059

0.0109

Max. Dimensions 
Widt•/Lngth Height

200 

405

550

s0 5.4 

60 5.5

50 5.6

RW34 
Threshold Centcrlina 
Distance Angle 

(ZLI (0)

1I.SW AC 
AT 
GA 
MA

7W

4.51B

AC 
AT 
GA 
MA 

AC 
AT 
GA 
MA

AC = Air Carriers, AT = Air Taxis. GA = General Aviation, and MA = Military Aviation 

Recall dhat Aeff is equal to the sum of Askid, Ass.rcure. ad Ashadow.
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p(r.e) 
Crash 
Distribution 

0.012 
0.012 
0.004 
0.012 

0.012 
0.012 
0.009 
0.012

0.012 
0.012 
0.009 
0.012
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departing for, or arriving from flight in local practice areas located within a 20-mile radius of the airport: or 
3) execute simulated Instrument approaches or low passes at the airport. See Airport Operations.  

Low Altitude (Victor) Airway: The designated routes based on radials from VOR or VORTAC stations 
extending from a minimum of 1200 feet above ground level, up to but not including 18,000 feet Mean Sea 
Level (MSL).  

Military Aircraft Crash: Ali Class A and Class B Mishaps.  

Military Aviation: AJI aspects of aviation involving the Armed Forces of the United States. Military 
Aviation does not include charter flights performed for the Armed Forces.  

Military Training Routes: The system of designated routes used by the Armed Forces of the United 
States.  

Mishap Rate: As defined by the United States Air Force (USAF). the number of Flight Mishaps per 
100,000 flying hours.  

Near Airport Analysis: The aircraft crash frequency analysis for Aircraft Operations in the Near Airport 
Environment.  

Near Airport Environment: The airspace area extending from the center of the airport outwards to a 
radius of approximately 5 miles to 35 miles depending on the presence (or absence) of a TRACON and 
other air traffic control considerations. The airspace near an Airport which encompasses the local airport 
traffic pattem, the airport runway approach pattem(s), and the airport initial climb departure pattern(s).  
This is generally the airspace near an airport where the aircraft are in the Runway Approach Flight Phase, 
Landing Flight Phase, the Takeoff Flight Phase, and the Initial Climb Flight Phase.  

Nonairport Environment: The TRACON and the Enroute/In-Fright Environments. The airspace outside 
of the Near Airport Environment.  

Nonpreclslon Approach Procedure: As defined by 14 CFR 1.1 [Ref. 12.. a standard instrument 

approach procedure in which no electronic glide slope is provided.  

Nonscheduled Air Taxi: See Demand Air Taxi.  

PAR: Precision Approach Radar.  

Precision Approach Procedure: As defined by 14 CFR 1.1 (Ref. 1.21, a standard instrument approach 
procedure in which an electronic glide slope is provided, such as ILS and PAR.  

Public Aircraft: As defined by 14 CFR 1.1 [Ref. 1.21, aircraft used only in the service of a government, or 
a political subdivision. it does not include any government-owned aircraft engaged in carrying persons or 
property for commercial purposes.  

Public Airport: See General Aviation Airport.  

Operator: As defined by the National Transportation Safety Board (NTSB), any person who causes or 

authorizes the operation of an aircraft, such as the owner, leasee, or bailee of an aircraft.  

Rotary Wing Aircraft (Rotorcraft): As defined by 14 CFR 1.1 [Ref. 1.21, a heavier-than-air aircraft that 
depends principally for its support in fight on the lift generated by one or more rotors. More commonly 
known as helicopters.  

Runway Approach Flight Phase: The Flight Phase which consists of the time the aircraft crosses the 
outer marker defined by U.S. terminal approach procedures for that specific airport, runway and 
approach, until the aircraft wheels initially make contact with the runway.

1. INTRODUCTION 7)311961-8
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Table 2.9 
14 CFR 121 Crashes with D*StroyedlMajo-W.O. Airframne Rates by Flight Phase 

A*uatd Average Average Asouumad Coklood ICrashi Ado by Fbghi Pha~se 

No. 40 Adiumld IPd. FWre~i.Avers"eVolocly Average Deanoo C~~ rasua nhesers" cuh cahues

Cesfi~lnd ACRAN Flight Phamas Crash Rates 
C4&shoo Ckwhm Crushes Crashes 
pjfaomuroq 1AC How *il*a Ar"o

FkMe Phai wone rug. tav= Ful. ________ -____________________

Taxi 2 1.65% _ ____ 

T*A" o(Tol 14 11.57% 14 11. N% .I0% 0.014 100.00 96600 1.40 122 9.WOECS0 7.099E-06 7.099EM 06 .156E-06 2.839E-07 1.014E-05 6,143E.08 7.069E40 
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CM61o 5 4.13% S 424% 13.00% 0.162 356.74 310.00 64-93 56.42 3.549E-00 1-960E-07 S.467E-10 6.291E-10 

c. I 
cpalio 11 9.00 11 9V% 0.09% 0.00 477.57 415.00 401.16 340.60 7.110OE-O6 9.296E-0 I.WE4610 220E-10 1.917E-07 1.472E-07 3.481E-10 4MCSE-1O 

kad1 0.83 1 0.16A 10.00% 0.140 356.74 310.00 49-94 43.40 7.099E-09 5.070E-00 1.421E-10 1.636E-10 

Deecom (ID) 

Airpot 10 626% 10 6.47% 10.00% 0.140 247.42 215.00 34.64 3010 7.099E-06 50U70E-07 20O49E0)9 2.35SE-09 

Runvway 23 19.01% 23 19-49% 4.00% 0.056 247.42 215.00 13686 12.04 1.633E-07 2,916E-06 1.178E-6 1.356E-08 

-m ac (RA) 

Ladig L) 26 23.14% 26 23.3 1.00% 0.014 100.00 96690 1.40 1.22 1.966E-07 1.420E-05 1.420E-07 1.034E-07 3.620E-07 5.112E-06 2.373E406 2.731E-00 

Gtouuid 1 0.63% 

Accident (G) 

unk~nov (11) 0 0.00% 

rb -r M" ---- ---- *nf M!" Knot ID W* I7ACýh All*A )Knot~ ~lO.  

I ~~~ ~ ~ ~ ~ ~ 5Jb~ I I~-4D I O I -- aý f!S36E7503-716E0 69-9

TOTAL: 1 121 10000%l 116 100.00%1100.00% 1.4001 

Same lar Told 14 CFR 121 Crash Rates by FWgh Phase, 1973-1994 Totls.:

407.53 354.141 570.55 495.79

1.4 Hours Averaep FkVgh Duration 

570 Miles Average Figh Distance 

407.14 Milos~ow Average FigHt Veloaty 

W4.872,105 Departures

7/22/96
2. COMMERCIAL AVIATION 21

Ilk I

2-15



4.3.1 CRASH LOCATION DISTRIBUTIONS 
Before describing the probability distributions of crash locations, it is necessary to specify the coordinate convention used to quantify locations. For military aviation, crash locations are quantified in Cartesian coordinates consistent with the coordinate convention established for the Standard, specifically: 

1. The origin of the coordinate system is at the center of the runway.  2. The x axis of the coordinate system coincides with the extended centerline of the runway such that the positive direction is the direction of flight during takeoff and landing.  3. The positive y axis coincides with a line defined by a 90 degree counterclockwise rotation of the positive x axis.  
For military aviation, landings and operations at an airbase, e.g., touch and go's, involve flight patterns associated with each runway. At each ai•na. re is a weft defined side of the runway for flight patterns.  Since more traffic exists on the pattern side of te. runway, crash locations tend to be biased to that side as well. For descriptive purposes In Oth document, te pattern side is assumed to be to the right of the direction of flight, i.e., in the negative y direction. As discussed in the Standard, in applying crash location distributions it is appropriate to identify where the facility of interest exists relative to the pattern side of the source runway. At non-military airfields, unless there is a well established pattern side, a conservative analysis would be based on assuming that the facility Is on the pattern side.  

Crash locations in the Minuteman Ilt WSSA database, derived from mishaps reports about Air Force aircraft crashes between 1976 and 1994, were used to develop conditional, given a crash, distributions of crash location in terms of the joint distribution of the x,y coordinates of the crash location. A nonparametric kernel estimation technique (Ref. 4.8) was used to model the joint distributions. Because of differences in flight patterns and operations, separate crash location distributions were developed for: * Large aircraft, landing 
"• Large aircraft, takeoff 
"* Small aircraft, landing 
"* Small aircraft, takeoff Plots of the estimated joint distributions are shown in Figures 4.2 to 4.5.  

For application in the crash frequency calculations, the crash location distrtns are used to assess the probability, per unit area, of an aircraft crashing into a given location, given the aircraft crashes. Tables of these probabilities, per square mile, are given in Tables 4.9 to 4.12 for the four combinations of aircraft size and phase of flight. The entries in the tables were computed by integrating the appropriate joint probability distributions.  

4. MILITARY AVIATION 4-15 
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C;Figure 4.2 Crash Location Distribution for Large Military Aircraft During Landing.  
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Figure 4.3 Crash Location Distribution for Large Military Aircraft During Takeoff.  
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Figure 4.4 Crash Location Distribution for Small Military Aircraft During Landing.
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the estimated crash location probability values for takeoff and landing crashes are 

provided in Tables B-10 and B-12 when the pattern side is on the right side of the 

runway, and in Tables B-1 1 and B-1 3 when the pattern side is on the left side of the 

runway.  

A comparison of the military aviation tables with those for commercial aviation indicates 

significant differences between the areas where takeoff and landing crashes are 

expected to occur. In commercial aviation, landing crashes end just about a mile from 

the origin (center of the runway). In military aviation, landing crashes are more 

widespread and extend up to 10 miles beyond the end of the runway. These 

differences are driven by the assumptions made in the classification of crashes. For 

military crashes, takeoffs are defined as the instant the aircraft lifts from the runway 

until the time it transitions to climb to cruise altitude. If an aircraft crashes after takeoff 

with no control capability, it is considered a takeoff crash. However, if an aircraft gets 

into trouble during takeoff and the pilot is able to turn the aircraft for an attempted 

emergency landing but crashes prior to a successful landing, it is considered a landing 

crash. Therefore, an aircraft which has taken off from one end of the runway could 

crash miles away from that end of the runway but still be classified as a landing crash.  

This is why the takeoff crash location probability values for military aviation are 

concentrated along the extended centerline of a runway, and those for the landing 

crashes are spread out. In addition, because the downwind leg is parallel to, but some 

distance away from, the runway, the landing probability values would not necessarily 

monotonically decrease with increasing values of y, as is the case for commercial 

aviation. Since the identification of crashes used to estimate the crash rates and 

location probability values is consistent within each of the categories, military and 

commercial, differences in the shape of the location distributions for military and 

commercial aviation are realistic and do not affect the overall impact frequency 

calculations.  

The crash location probability values represent the conditional probability, given a 

crash, of a crash into an area of one square mile. The analyst would use the facility's

B-9
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B.4 Effective Area Calculations.  

The effective area represents the ground surface area surrounding a facility such that if an 

unobstructed aircraft were to crash within the area, it would impact the facility, either by direct 

fly-in or skid into the facility. The effective area depends on the length, width, and height of the 

facility, as well as on the aircraft's wingspan, flight path angle, heading angle relative to the 

heading of the facility, and the length of its skid. The effective area consists of two parts, the 

fly-in area and the skid area. The former represents the area corresponding to a direct fly-in 

impact and consists of two parts, the footprint area and the shadow area. The footprint is the 

facility area that an aircraft would hit on its descent even if the facility height were zero. The 

shadow area is the facility area that an aircraft hits on its descent, but which it would have 

missed if the facility height were zero.  

For this standard, the facility is represented by a bounding rectangle, and the heading of the 

crashing aircraft with respect to the facility is assumed to be perpendicular to the diagonal of 

the bounding rectangle, as shown in Figure B-3. These assumptions provide a conservative 

approximation to the true effective area.  

The formula for calculating the skid and fly-in areas for an aircraft crashing into a rectangular 

building is given in Equations B-3 to B-5. Details are provided in Reference 1. Table B-16 

provides typical wingspans for commercial, general aviation, and military aircraft. Table B-17 

provides values for the mean of the cotangent of the impact angle. Table B-18 provides mean 

skid distances for each aircraft category. Values of wingspans for selected aircraft, values of 

marginal cumulative distribution functions for the impact angle, and aircraft subcategory skid 

distances are provided in Reference 2.

B-26
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R
IW

~WS/2'Hci 
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CRASH

FIGURE B-3. Rectangular facility effective target area elements 

Aof = Ar + As 

where: 

A, = (WS +R)'Hcot0+ 2LW WS +L'W 
R 

and 

As = (WS+R)'S 

where:

A, 

A.  
WS 
R

= effective fly-in area; 

= effective skid area; 

= aircraft wingspan, provided in Table B-16; 

= length of the diagonal of the facility, = (L2 + WZ)05
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H 

coto 

L 

W 

S

= facility height, facility-specific; 

= mean of the cotangent of the aircraft impact angle, 

provided in Table B-17 (for in-flight crashes use the 

takeoff mean of the cotangent of the impact angle, if 

available); 

= length of facility, facility-specific; 

= width of facility, facility-specific; 

= aircraft skid distance (mean value), provided in 

Table B-18 (for in-flight crashes use the takeoff skid 

length, if available).

TABLE B-16. Reoresentative wingsoans (WS) for commercial, general aviation.  

and military aircraft.

Commercial Aviation Air Carrier Air Taxi 

98 ft 59 ft 

Military Aviation Large Aircraft Small Aircraft Small Aircraft 

High Performance' Low Performance 2 

223 ft 78 ft 110ft

Notes: 
1Includes fighters, attackers, and trainers.  

2Includes other small aircraft.  

For more information on aircraft wingspans please see Reference 2.
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TABLE B-1 7. Values of the mean of the cotangent of the imoact angle (cote).  

Military Aviation 

Aircraft Commercial General Helicopters Large Aircraft Small Aircraft 

Category Aviation Aviation Takeoff Landing Takeoff Landing 

Mean 10.2 8.2 0.58 7.4 9.7 8.4 10.4 

(cot(D) I 

TABLE B-18. Mean skid distances (s) for each aircraft categor.  

Aircraft Commercial General Military Aviation 

Category Aviation Aviation Helicopters Large Aircraft Small Aircraft 

Takeoff Landing Takeoff Landing 

Mean Skid 1440 60 0 780 368 246 447 

Distance, ft I I I I 

In calculating an effective area, the analyst needs to be cognizant of the "critical areas" 

of the facility. Critical areas are locations in a facility that contain hazardous material 

and/or locations that, once impacted by a crash, can lead to cascading failures, e.g., a 

fire, collapse, and/or explosion that would impact the hazardous material. This 

knowledge is important for reducing the unnecessary conservatism that is likely to be 

introduced if the facility's dimensions are used blindly. For example, if the critical area 

dimensions are small fractions of the overall facility dimensions, this must be reflected 

in the analysis. In addition, the analyst needs to consider the facility's layout and its 

location in relation to other facilities when determining the facility input parameters.  

Information about critical areas and potential aircraft heading angles may eliminate or 

change the need for further analysis. Otherwise, the conservatism in the analysis 

might unnecessarily overburden the evaluations.  

In addition, there may exist conditions and physical attributes that could affect the 

evaluation of the effective target areas. For example, there could be nearby bamers 

that have sufficient structural integrity to resist impact from the categories (or 

subcategories) of aircraft under investigation. Examples of barriers are robust

B-29
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"PART 5 - ENDURANCE 

Refer to SUBSONIC CRUISE TABLES, Part 4, for 
endurance information.  

PART 6 - DESCENT

TABLE OF CONTENTS Pape SAMPLE PROBLEM.

Maximum Range Descent .................  
Penetration Descent ......................  
Descent With Inoperative Engine ..........

LIST OF CHARTS 

Maxmum Range Descent 
Idle ....................  

Penetration Descent .......  
Descent With Inoperative 

Engine .................

Figure

B6-i .... B6-3 
B6-2 .... B6-5

A. Initial altitude 
B8-1 B. Drag index 
B6-1 C. GW 
B6-2 D. Intersection point 

E. Range 
F Fuel consumed 

Pag GDrme 
0Descent speed

= 

U 

U 

= 

=

30,000 feet 
100 
20,000 pounds 

51 nm 
180 pounds 
10.7 minutes 
230 KIAS

The above data is for a descent to sea level. If the 
descent was stopped at 5000 feet

"* Range 
B6-3 .... B6" * Fuel consumed 

"* Time

a 51-8= 43 •m 
a 180 - 30 a 150 pounds 
= 10.7 - 1.8 = 8.9 minutes

MAXIMUM RANGE DESCENT 

Maximum range descent performance data is pre
sented in figure B6-1. The data is based on a descmnt 
speed which results in maximum distance (range) 
being covered during descent. Effects of GW and drag 
index are shown in the chart. Descent speed Is tabu
lated on the chart.  

REFER TO FIGURE B6-1.  

Enter chart on sheet 1 with initial altitude (A) and 
proceed upward to intercept appropriate drag index 
lUne (B). From (B), proceed to the rightto thebaseline.  
Note this point on the baseline. Starting at the GW (C) 
on the upper block, proceed to the right toIrcep 
the appropriate drag index line (B). From (B), proceed 
downward to intercept a line (D) which filows the 
guidelines and intercepts the point previously noted 
on the baseline. Continue to the right to read range 
(E). Repeat this process on sheet 2 in the same man
ner to obtain the fuel consumed (F) and time (0). If 
final altitude is above sea level, repeat the above proc
ess, usingfinal altitude in place of initial altitude. The 
difference between the resulting values is then fuel, 
range, and time to descend from initial to final alti
uide. Obtain descent speed from the table on the 
zhart.

PENETRATION DESCENT 

Fuel consumed, distance, and time to execute a 
penetration descent are shown in figure B6-2. The 
data is based on idle rpm, 300 KIAS, and speedbrakes 
open. Effects of GW and drag index are shown on the 
chart.  

REFER TO FIGURE B8-2.  

Enter chart with initial altitude (A) and proceed 
upward to intercept appropris•t drag index linein the 
time, range, and fdel blocks (B). From (B), proceed to 
the right to GW baseline and follow guidelines to GW 
(C). Continue to the right to read fuel consumed (D), 
range (E), and time (F). If final altitude is above sea 
level, repeat the above process using final altitude in 
place of initial altitude. The diffrece between the 
resultig values is then fuel, range, and time to 
descend from initial to final altitude.  

SAMKPL PROBLEM_

A. Initial altitude 
B. Drag index 
C. GW 
D. Fuel consumed 
E. Range 
F Trme

a 30,000 feat 
z 100 
- 28,000 pounds 
a 55 pounds 
n 20.8 am 
m 3.4 minute

.. 2
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The above data is for a descent to sea level If the 
descent was stopped at.5000 feet:

REM TO FIGURE B6-3.

Range 
Fuel consumed 
Time

= 2 0.8 - 3 .0 = 17.8 am 
= 5 5 - 10 = 45 pounds 
= 3.4- 0.6 = 2.8 minutes

DESCENT WITH INOPERATIVE 
ENGINE 

Figure B6-3 contains time and distance data for a 
descent with an inoperative engine. The data is pre
sented as a function of descent airspeed for deacenta 
from various initial altitudes to sea level Minimum 
EPU operating time is shown.  

The chart is intended to be used to estimate the time 
available for engine airztart attempts once the air
=sit has been maneuvered into the airstart envelope 
and may also be used to obtain glide distance with the 
engine inoperative.

Enter the chart with airspeed (A); proceed upward to 
the appropriate GW/altitude line (B) and then to the 
left to read time (C) and distance (D). To determine 
time and distance available to descend to another 
altitude, repeat the above steps for the final altitude 
and take the difference between the sets of data.  

SAMPCL PROBLEM.

A. Descent airspeed 
B. GW/aftudn 

C. Mime (to sea level) 
D. Distmae (to sea 

level)

N

= 250 lIAS 
- 20,000 pounds/ 

30,000 feet 
= 7.8 minutes 

- 40.0 nm

If the descent was stopped at 5000 feet:

D Time * DistanRc e
= 7.8 - 1.5 = 6.3 minutes 
- 40.0 - 6.2 = 33.8 am

9,

B6-2

0
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M r 4 ffr Ai r A 4 J r 
i s. J-

3. Airspeed - Attain- approimm-tely 2? ns or 

establish adum range 0 .endurance 
airseed (200 or 170 01o:3 ely, plus 6 
knots per 1000 pounds of' ie weit over 
iV2000,2 10O00Pound) JFS RUN light on' 

Above 30,000 feet I L, airspeeds in the 
2504-00 knotl0,9 range should be 
considered to •e altitude and increase 
the probability/ a successful airstart.  

/NOTE

If mnaxum gliding range is not a 

factor onsider maintaining 250 1not0 

or 6re above 10,000 feet AGL~ 
pr ide best restart conditions (i$.ase 

(JFS failure). Below 10,000 f4t AGL 

/ruh the JFS RUN light on,Aaintain 

(ina -inum range or m endur
ance airspeed. /

4. JFS switch - START 
and below 400 knotsy

20,000 feet MSL

if tfhe JFS swftc6h is erroneouSlY placed 
to STR ,leave it there.  

*If the RL-N light does not Mulminate 

or once ilumninated plaw the ZThS 
sm to OFF and Meaempt S'EART 2 
whe the brakaWJFS accumulators r 

ed. The JFS switch clVnot 
in either start poition ~iethe 

is spooling down. /
idle

If engine rpm rolls back or I 

(approdxately 70 percent) i 

5. Throttle - 0F7, then 
Allow FMi'g to do 
advancing the tV01

6. Airspeed 
maximum).

before

(400 knot/0.9 Cmach

If hung start/hot rt persists: 

7. Throttle -/FF.  

8. ENG COQ switch - SEC.

NOTI

The proximity of the ENG CONT 

switch, to the JFS switch makes thee 
JFS switch susceptible to being 

bumped to OFF when selecting SEC.......

9. Throttle - Midrange. .  

Allow =II to droybeiw 700 C before 
advancing t1,rottlýý 

If engine does not respdnd normally after airstart is 

complete( / 

10. Refer to aINORMAL ENGINE RESPONSE, 
this s.on.  

/ 

If e ,/gesponds normally: 

10. S switch - OFF.  

11. ELEC CAUTION RESET button - Depress.  

Verify MAIN GEN and STBY GEN lights are 

Off.A 

12. EPU switch - OFF, then NORM;,

13. ADI - Check for presence of OFF and/or AL'X 
warning flags.  

If warning flags) is iz'view, refer to TOTAL 
INS FAILURE, this sction

a If only flag is in view, pitch and 

roll aL information is likely to be 

erron due to INS autorestart in 

the e tude mode when other than 

s�ght and level, unaccelerated 
flight conditions existed.  

14. Land as soon as possible.  

15. Refer to ACTIVATED EP"J/HYDRAZ1N 
LEAK, this section.

FLAMEOUT LANDING 

The decision to eject or make a flameout landing rests 

with the pilot. Consideratons for attempt a 

flameout landing must include: 

" Nature of the emergency.  

"* Weather conditions.  

" Day or night.  

" Proximity of a suitable landing runway.  

I Prof.ciency in performing simulte.d flameout 

(SFo) landings.  
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Due to the capabilities.Pf the ejection seat, the entire 

approach is within the ejection envelope; however, 

ejection should not be delayed in an attempt to 

salvage a questionable approach. When performing 

a flameout landing, the aircraft can safely stop (&y 

runway without arresting gear) in approximately 

twice the computed ground roll distance (8000-foot 

minimum runway length recommended), assuming 

a touchdown no more than n13 of the way down the 

runway at 11-13 degrees AOA.  

To perform a flameout landing, turn immediately 

toward the desired runway. Jettison stores and 

e6tablish maximum range airspeed. Maximum range 

airspeed may be less than the minimum airstart 

airspeed- If range to the desired runway is ritical, the 

decision to attempt an airstart or a flameout landing 

rests with the pilot.  

NOTE 

"* During an airstart attempt, do not 

slow below the minimum airstart 

airspeed.  

"* If the engine is still running, but thrust 

is insucient to sustain level flight, 

treat it as a flameout sitution.

Maximum range airspeed varies only with GW and is 

not affected by drag index. Maximum range airspeed 

is 200 knots for a GW of 20,000 pounds andineases 

5 knots per 1000 pounds of actual GW above 20,000 

pounds. For most circumstances, sufficient accuacy 

is obtained by adding 5 knots per 1000 pounds of 

fuel/store weights over K 2000, [M 1000 pounds.  

NOTE 

* This formula is based on the average 

aircraft operating weight. Refer to T.O.  

1F-16C-1-1, PART 1, DRAG IZDEXES 

AND WEIGHTS - BASIC AIRCRAFT.  
If range to desired runway is critical, 
maLu~m range airspeed may be 

calculated using actual GW in excess of 
20,000 pounds.  

* For a 10,000-foot descent (LG up), each 

10 knots above or below mmtmum 

range airspeed decreases glide range up 

to 114 nm 

The marimum range airspeed equates to approxi

matey 7 degrees AOA (any GW or drag index) and 

provides a glide ratio of approximately 7 nm per 500= 

teet AGL (a no wind condition). Retaining stores a, 

flying into, a headwind decreases glide rangi 

sigificantly.

The EFU should be on and, if aircraft fuel is available, 
the JFS should be started using ST.ART 2 when below 

20,000 feet MSL and below 400 knots unless the 

engine is either seized or anticipated to seize- The 

EPU should provide a minimum operation of 10 

minutes (HYDRA2N light on) with normal flight 

control demands before EPU fael depletion. Operat

ing tine can be extended to as much as 15 minutes if 

the JFS is running and flight contol inputs are 

minimized. If expected time to landing ezceeds 

expected EFU operating time and excess energy is 

available, a steeperifaster descent may be flown. The 

JFS also provides hydraulic pressure for normal 

braking and NWS after landing.  

When bleed air is no longer available to operate the 

EPU, cofnr that the EFU is operatng on hydrazine 

(EPM run and HYDRAZN lighU on) since the JFS 

alone does not provide adequate hydraulic pressure 

to land the =craft. If the EP'J is inoperative, 

maneuver the arraft as necessary on J'S-assismd 

hydraulic pressure to a more favorable ejection 

envelope and initiate ejection.  

There are two basic types of flameout landing 

patterns: the overhead approach (figre 3-13) or the 

straight-in approach (figure 3-14). The overhead 

approach is preferred as it affords the most 

opportunities to properly manage available energy 

while providing the best visual cues for pattamn 

corrections. The overhead approach may be entered 

at any position, provided the proper altitude for that 

point in the pattern can be obtained. The main 
concern is to reach high key, low key, or base kAy at or 

above the recommended mminnum W altitdes A 

straight-in approach is an alternate approach when 

the overhead approach cannot be attained. For both 

approaches, the initial ainpoint should be appro=

mately 113 of the way down the runway.  

Overhead Approach 

Refer to figure 3-13. Plan to arrive over the landing 

runway (high key) at 7000-10,000 feet AGL. The high 

key position may be approached &om any directon.  

The recommended key altitudes are based on flying a 

360-degree descending turn from high key with the 

LG down. The altitudes vary with GW and with 

additional drag due to stores. The recommwi high 

key altitude is 7000 feet AGL plus s00 feet per 1000 

pounds of fuel/store weights over f 2000, M 1000 

pounds. The recommended low key altitude is 3000 

feet AGL plus 250 feet per 1000 pounds of faellstre 

weights over [M 2000, MI 1000 pounds. These formulas 

include compensation for stores drag effects; thus, no 

additional correction is required.

3-100
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Flameout Landing Pattern (Typical) 
(OVERHEAD APPROACH)

NOTES: 

1. Jetison stores if required).  

2_ Maximum range ILG upi airspeed is 200 knots. Opti
mum airspeed (LG down) in 190 knots. Minimum LG 
down airspeed is 180 Imots. Increase airspeeds by 
5 knots per 1000 pounds of fuel/store weighu over 

oo2000,[] 1000 pounds.  

3. Maximum range ILG up) airspeed equates to aoproxi
mately 7 degrees AOA (any GW or drag indexd and 
provides a glide ratio of appropdxhately 7 nm per 
5000 feet AGL if stores are retained, glide ratio 
decreases.

4, Altitudes: 

*High Key - 7000-10.000 feat AGL 

Recomnmended attitude is 7000 feet AGL plus 
S00 foet per 1000 pounds of fueVssore 
weights over C' 2000. , 1000 pounds.  

"* Low Key - 3000-6000 feet AGL 
Recommended attitude is 3000 feet AGL plus 
250 feet per 1000 pounds of fuel/store 
weights over M 2000. [e 1000 pounds.  

"* Base Key - 2000 feet AGL minimum 

5. Optimum bank angles are 50 degrees LG up) and 55 
degrees ILG down) for least attitude lost per degree 
of turn.

UA 

C 

IN1~

A. HIGH KEY - Above a point approximately 1/3 of the way down the runway

IL LOW KEY - Abeampoint of rollout on final 

C. BASE KEY - Midpoint of ton from downwind to final

3/4 nm- =oito inende

1l'le-is-i415'5e

F~pws 3-13. (Sheet!)
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Flameout Landing Pattern (Typical) 
(OVERHEAD APPROACH)

NOTES; 

6. Witt ;CC off. HUD continues to compute flighltlpa 
marker and to oosifion scales for use during flame
out approach.  

7. Frost or condensation on the canopy could reavict 
visibility during flameout approoch. Place AIR 
SOURCE knob to RAM and place DEFOG lever 
forward below 29,000 feet MSL 

8. rime constraints due to EPU fuel consumption must 
be considered is well as distance to be covered.  
To estimate recuired EPU fuel for a nonstandard 
approach, use 15 percent per minute as a basis 
for comlputaton.  

9. Startng JFS reduces load on EPU, conserves EPU 
fuel, and pertially restores hydraulic systm 1.  

10. If alternate LG extension is used. the NLG may not 
indicate down and locked until airspeed is reduced 
below 190 knots.

HIGH KEY 
Do not extend LG unless 
base key is assured.  

I WARNING 

EPU fuel quantity should be at least 25 
p•ercent 120 percent with JFS running) 
art high key to insure adequate hydraulic 
pressure throughout landing.

Touch down 11-13 degrees 
AOA optimum. Speedbrakes 
as required.

t WARNING I 

"* The JFS alone does not provide adequate 
hydraulic pressure to land the aircraft.  

"* Do not allow airspeed to decrease below 

minimum LG down airspeed.  

" Eject if it becomes obvious that a safe 
landing cannot be made. Ejection can be 
accomplished at any point in the pet
tern; however, do not delay ejection 
beiow 2000 feet AGL in an attempt 
to salvage a questionable approach.

BASE KEY 
LG down. Increase airspeed 
and/or owen the soe1dbrakes 
to move touchdown closer to 
approach end of runway.

tIgury3.13. (Shea Z)

3-102
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I

Flameout Landing Pattern (Typical) 
(STRAIGHT-IN APPROACH) 

NOTES.

1. jetison stores [if required).  

2. Maximum range (LG up) airspeed is 200 knom. Opt
imum airspeed (LG down) is 190 atot. Minimum LG 
down airspeed is 180 knots. Increase airsPeeds by 
5 knots per 1000 pounds of fuel/stme weights over 
M9 2000, M 1000 pounds.  

3. Maximum range (LG up) airspeed equoats to approxi
mately 7 degrees ADA (any GW or drag inded and 
provides a glide ratio of approximately 7 nm for 
each 5000 feet AGL If stores ae retained, glide rato 
decreases.  

4. Minimum altitudes are based on an LG up glide at 
maximum rance airspeed to 2000 feet AGL followed 
by an LG down glide at optimum LG down airspeed 
to the runway for a drag index of 100.  

5. After lowering LG. glide range decreases by approxi
mately 30 percent. Airspeed greater #a optimum 
LG down airsveed signifle.anty increases energy 
loss rate and decreases glide range.

I. With FCC off. HUD continues to compute flighl:th 
marker and to position scale$ for use during flame
out approach.  

7. Frost or condensation on the canopy could rest-ct 
visibility during flameout approach. Place AIR 
SOURCE knob to RAM and place DEFOG lever 
forward below 25,000 faet MSL 

8. Time constraints due to EPU fuel consumption must 
be considered as well as distance to be covered.  
To estimate required EPU fuel for a nonstandard 
approach, use 15 percwt per minute as a baims 
for computation.  

9. Starting JFS reduces load on EPU. conserves EPU 
fuel, and partially restores hydraulic system B.  

10. If alternate LG exmnsion is used, -,.h NLG may not 
indicate down and locked until airspeed is reduced 
beiow 190 knots.  

ROLLOUT 
"e Speedbrakes - Open.  
"* Hook - DN (if required].  

FLARE 
Touch down 11-13 degrees 
ACA optimum. Speedbrakes 
as required.

AREA C 

4-0 nrn 
(no wind) 

I

4 nm (no wind) 
4000-8000 
fet AGL

S nrm (no wind) 
7OO0 feet AGL

- PONT a

"POYIT A
1F-leC.,.1.4415e*

Frgr 3-14. (S"•.W)

3-103
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Flameout Landing Pattern (Typical) 
(STRAIGHT-IN APPROACH) 

WAR

* Do not allow airspeed to decreae below 
minimum LG down airspeed.  

0 If the aimpoint on the runway moves up in the 
field of view while maintaining maximurn range 
(LG up) airspeed, the runway probably cannot 
be reached. This path corrsponds to a glide 
angle of about 7 degrees between the horizon 
and tie aimpoint.  

0 The JFS alone does not prnvide adequate 
hydraulic pressure to land the aircrafL

* EPU fuel wuantity (points A. 11, and 32) 
should be sufficient to insure adequate 
hydraulic pressure through landing.  

0 EGect if it becomes obvious that a safe landing 
cannot be made. Ejecton can be accomplisned 
at any point in the approach; however, do not 
delay ejection below 2000 feet ACL in an 
aenempt to salvage a questionable approach.

* Angle between horizon and aimpoint

AGL

POINT a AREA C

8 rim (no wind). 7000 feet AGL, 
continue glide until initial aim
point is 11-17 degrees beWow 
horizon. Then lower LG and 
establish optimum LG down 
airspeed. As a guide, no wind 
minimum EPU fuel is 46 percent 
(40 percent with JFS runninaj.

4 rim (no wind), 40004000 feet 
AGL. airvpeed and LG as required.  
AS a guide, no wind minimum MPU 
fuel im 

POINT 11 
6 nm - 36 percent i30 
percent with JFS running).

POINT 52 

4 nm - 25 percent 120 
percent with JFS running).  

WARNING 

Do not delay lowering LG 
below 2000 fee AGL 

F;#ure 3-14.. (Sheer2)
1'

4-0 nm (no wind), initial aim
point is more than 17 degrees 
below horizon (under noms of 
aircraft and not visible). Normal 
straight-in approai'" is not feasible.  

options ame 
"e Deiy LG lowering. Plan an 

overhead approach from a high 
key altitude but below the 
normal recommended attitude.  

"e Delay LG lowering. Plan a modi
fied flighMpath to low key.  

" Lower LG. open speedbrake, 
and dive and maneuver aircraft 
to intercept a point on the 
normal straight-wn glidepath.

1P-leC-l.-o1 $7C 3

:- . V

3-104
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If altitude will be significantly higher at high key, 
some form of altitude'dissipating maneuver such as 
a dive, gentle S-turns, or a 360-degree descending 
turn should be used. Speedbrakes also may be used to 
lose excess altitude. However, if the speedbrakas are 
not closed when a satisfatry flightpath is reached, 
the added drag may preclude a successfUl flameout 
approach.  

After departing high key, all attention should be 
directed toward a successful landing. If actual 
altitude at high key was below the recommended 
altitude, fly -2:amum range airspeed with the LG up 
until a satisfactory flightpath is reached and then 
lower the LG. Optimum LG down airspeed is 10 knos 
less than maxmum range (LG up) airspeed.  
Minimum LG down airspeed is 20 knots less than 
maaimum range (LG up) airspeed and provides 
sufcient maneuverability to arrest the high sink 
rate associated with a flameout approach. Optimum 
angle of•bank is 50 degrees with the LG up and 55 
degrees with the LG down. Bank angles more than 10 
degrees above/below optimum result in a significant 
increase in altitude loss per degree of turn and may 
preclude a successful flameout approach.  

NOTE 

0 Delaying LG extension until low key 
allows successful completion of the 
overhead approach from as low as 1500 
feet below the recommended high key 
altitude.  

* Altitude loss for a 360-degree descend
ing turn with the LG down increases 
up to 500 feet for every 10 knots above 
optimum LG down airspeed.  

0 Altitude loss for a 360-degree descend.  
ing turn with the LG down increases 
up to 500 feet for each 5 degrees 
above/below the optimum bank angle.  

The ground track of a flameout/SFO overhead 
approach is approximately the same as that of a 
normal overhead approach except the final approach 
is approximately 3/4 un long.  

"`Avoid rapid flight control inputs which use excessive 
EPU fuel'and may exceed the emergency hydraulic 
pump capability.

T.O. IF-16C.1 

SWARNINGI 

If EPU fuel quantity is below 25 
percent at high key (20 percent with 
the JFS running), a flameout landing 
should not be attempted since ade
quate hydraulic pressure may not be 
available through the landing.  

StraightIn Approach 

Refer to figure 3-14. If one of the overhead approach 
key positions cannot be reached, a straight-in 
approach may be flown. The clean glide at masimum 
range airspeed should be continued until the initial 
aimpoint is 11-17 degrees below the horizon; then the 
LG should be lowered. Seventeen degrees is below the 
forward field of view. A good visual reference for 15 
degrees is when the initial aimpoint is at the bottom 
of the HUD (just above the radome). Optimum LG 
down airspeed is 10 knots less than masimum range 
(LG up) airspeed. Minimum LG down airspeed is 20 
knots less than maximum range (LG up) airspeed and 
provides sufcient maneuverability to arrest the high 
sink rate associated with a flameout approach.  

For a 10,000-foot descent (LG down), 
each 10 knots above optimum LG down 
airspeed decreases glide range up to 
1/2 n.  

IMC ftnetration 

Should IMC be encountared during a flameout 
approach to the intended runway and no alternate 
runway is available, an alternate descent/penetra
tion may be flown which should allow maneuvering 
airspeed after penetrating the undercast.  

IMC penetration should not be 
attempted unless present position is 
known and navigation can be per
formed throughout the descent, and 
high terrain or other hazards are not a 
factor.  

The stores should be jettisoned and the aircraft glided 
at maximum range airspeed until a 1:1 ratio between 
altitude in thousands of feet and range to the runway 
(i.e., 20,000 feet AGL at 20 un, 15,000 feet AGL at 15 
1nm, etc.) is attained. The descent angle should then

I 
I 
I 

I 
I 
I 
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be increased and airspeed allowed to increase to 
maintain the I:I ratio This 1:1 glide raio must be 
maintained until sufficient airspeed is attned to 
maneuver after penetrating the undercast.  

NOTI 

A 90 degree level mrn at 50 degrees 
bank angle with the LG and 
speedbrakes retracted wil dissipate 
65-85 knots. A 180 degree turn will 
dissipate 145-250 knots. Airspeed dis
sipaton increases with increasing GW 
and DI. A glide angle at a 1:1 ratio begun 
from maximum range airspeed will 
result in an airspeed of 260-320 knots 
after a 10,000-foot descent. Higher 
airspeed at the start of the glide, 
additional descent altitude, heaver 
gross weight, or lower drag index will 
result in higher airspeed at the 
completion of the glide.

At 3000 feet AGL, the aircraft should be 3 nm from the 
touchdown point. If the runway is not in sight by base 
key altitude, the aircraft may be zoomed for a 
controlled ejection. When VMC is attained and the 

* runway is in sight, the aircraft should be glided to an 
attainable key position for an overhead approach or 
to a straight-in approach and the LG should be 
lowered. Excess airspeed above optimum LG down 
airspeed not required to maneuver to the flameout 
landing approach should be dissipated by use of 
speedbrakes or early LG extension.  

Landing Phase 

The LG should be lowered no later than 2000 feet 
AGL to allow adequate time for altenate LG 
extension. Establish a glidepath to achieve the initial 
aimpoint while maintaining optimum LG down 
airspeed. Once wings level on final approach, be 
aware of the tendency to slow below minimum LG 
down airspeed.  

SWARNINGI 

Do not attempt to stretch a glide by 
allowing the airspeed to decrease below 
minimum LG down airspeed. A slower 
airspeed decreases the maneuverability 
available to arrest the high sink rate 
associated with the flameout approach 

q md may preclude a successfu flameout , " anding.

Once landin is assured, the recommended procedure 
is to shift the aimpoint from 1/3 of the way down the 
runway to a position short of the intended touchdown 
point. Speedbrakes may be used to help control 
airspeed. The higher the airspeed, the shorter the 
aimpoint should be to allow for additional float (from 
flare to touchdown). The aircraft is easiest to control 
in the flare if the flare is begun between optimum and 
minimum LG down airspeeds. The point at which the 
flare is begun depends upon airspeed, sink rate, and 
glide angle. The flare should be started high enough 
to allow a smooth gradual reduction in glide angle but 
not so high as to run out of airspeed prior to 
touchdown. Under a no wind condition, the aircraft 
floats 3000-4000 feet after beginning the flare, if the 
flare is begun at the optimum LG down airspeed.  
Once the sink rate is arrested, attempt to slow to a 
normal touchdown airspeed and AOA. If excess 
airspeed exists after arresting the sink rate, the best 
method to slow the aircraft is to stay airborne until 
normal touchdown airspeed is reached.  

After Touchdown 

After touchdown from a flameou. landing, use a 
normal or short field stopping technique as required 
by the stopping distance available. If the JFS and 
EPU are running, normal braking and NWS are 
available (NWS is inoperative if the LG was lowered 
with the alternate LG system). If the JFS is not 
running only the brake/JFS accumulators are 
available to supply hydraulic pressure for braking.  
Stop the aircraft by making one steady brake 
application just short of antiskid cycling. If there is 
any doubt about stopping on the remaining runway, 
lower the hook. When the aircraft is fully stopped, 
have chocks instale or engage parking brake. Leave 
the bafttry on line until chocks are installed. If M 
START 2 was attempted but was unsuccessful no 
braking is available for stopping or direc=3na control 
unless the brake/WFS ac&= ula&trs are recharged
Use flaperons and rudder as required to maintain 
directional controL As the aircraft slows below 70 
knots, directional control is reduced and the aircraft 
may drift right 

Flameout Landing Procedures 

If the engine has flamed out or if flameout is 
imminent tar toward a suitable runway and 
accomplish either an overhead approach or a 
straight-in approach, as appropriate.  

* Altitudes (overhead approach): 

SHigh key - 7000-10,000 feet AOL.  
Recommended altitude is 7000 feet AGL plus 
500 feet per 1000 pounds of fel/store weighta 
over r 2000, V 1000 pounds-

3-106
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"* Low key - 3000-50ý0 feet AGL 
Recommended altitude is 3000 feet AGL plus 
250 feet per 1000 pounds of fuel/store weights 
over K 2000, E 1000 pounds.  

"* Base key - 2000 feet AGL minimum.  

*Altitudes (straight-in approach): 

* 8 nm- 7000 feet AGL m*imum 
The minimum altitude is based on an LG up 
glide at maximum range airspeed to 2000 feet 
AGL followed by an LG down glide at 
optimum LG down airspeed to the runway for 
a drag index of 100. A lower drag index 
slightly reduces the minimum altitude 
required. A higher drag index slightly 
increases the mmnmum altitude required.  

* 4 rni - 4000-8000 feet AGL 
Delay lowering the LG until the initial 
aimpoint is 11-17 degrees below the horizon.  

* Do not delay lowering LG below 2000 
feet AGL 

* Eject if a safe landing cannot be made.  
Ejection can be accomplished at any 
point in the pattern but do not delay 
ejection below 2000 feet AGL in an 
attempt to salvage a questionable 
approach.  

1. Stores - Jettison (if required).  

2. Airspeed - 200 knots.  
Increase airspeed 5 knots per 1000 pounds of 
fuel/store weights over LM 2000, (1 1000 
pounds. This maximum range airspeed 
equates to approximately 7 degrees AOA.  

NOTE 

During an airstart attempt, do not 
slow below the minimum air'tart 
airspeed.  

3. EPTU switch - ON.  

4. JFS switch - START 2 below 20,000 feet MSL 
�.••d below 400 knots.

* EPU fuel quantity should be at least 25 
percent (20 percent with J'FS running) 
at high key for an overhead approach 
or 45 percent (40 percent with JFS 
running) at 8 nm for a straight-in 
approach to insure adequate hydraulic 
pressure through landing.  

* The JFS alone does not provide 
adequate hydraulic pressure to land 
the aircraft.  

"* Do not start the JFS if engne seizure 
has occurred or is anticipated or if 
engine failure is a result of fuel 
starvation. Starting the JFS may 
result in no brake/JFS accumulator 
pressure for the brakes.  

NOTl 

"* If engine is not operating, consider 
placing the FUEL MASTER switch to 
OFF if a fuel leak exists. This action 
may conserve fuel for the JFS.  

* If the JFS is erroneously placed to 
START 1, leave it there.  

*If the JFS RTN light does not 
illuminate or goes off once illuminated, 
place the JFS switch to OFF and 
reattempt START 2 when the brake/ 
IFS a=umulators are recharged. The 
IPS switch does not relatch in either 
start position while the JFS is spooling 
down.  

5. AIR SOL-RCE knob - RAM (below 25,000 feet 
MSL).  

6. DEFOG lover - Forward.  

7. LG handle - DN.  

SWARtMINGI 

Do not delay lowering LG below 2000 
feet AGL.

3-107 1

I 
I 
5 

S 
I 
I 
t 
I

V 
I 
I 

I



Jurn 22 9S 0 3 : 0 2 p 113 luG Safe (301 981-0633p 1 

~ ]TO. IF-76C-1

8. ALT GEAR handle - Pull (if required).  

NOTE 

The NLG may not indicate down and 
locked until airspeed is reduced below 
190 knots.  

9. Airspeed - 190 knots optimum in patter,.  
Increase airspeed by 5 knots per 1000 pounds 
of ffuelstore weights over M 2000, 1000 
pounds.  

Do not allow airspeed to decrease 
below 180 knots plus 5 knots per 1000 
pounds of fuel/store weights over LV 
2000, B 1000 pounds.  

After touchdown: 

10. HOOK switch - DN (if required).  

If brak&/JFS accumulator braking is use& 

11. Stop sraight ahead and engage par•mg brakL 

* Brakes should be applied in a single, 
moderate, and steady application 
without cycling the antiskid.  

"* Brake pedal deflection of 1/16 inch 
activates the brakes and bleeds the 
brake/JES accumulators. To avoid 
brake activation and loss of accumula
tor fluid, do not rest feet on the brake 
pedals.  

"* Do not attempt to taxi clear of the 
runway. Loss of brake/JFS accumula
tor pressure results in the inability to 
stop or steer the aircraft 

12. Refer to ACTIVATED EPU/HY'BAZIN 
LEA•K, this section.

JETTISON 

Selective Jettison 

Selective jettison is used to release selected store(s) 
(except air-to-air missiles) Or suspension equipment 
In an unarmed or unguided condition.  

1. GND JE'IT ENABLE switch - ENABLE (if LG 
is down).  

2. MASTER ARM switch - .MASTER ARM.  

3. Z@ ARMT CONSENT switch - On.  

4. SMS switch - SMS.  

5. DOG FIGHT switch - Center.  

6. MFD - SMS format.  
R Store and station selecmions can be made 
from either cockpit.  

7. S-J OSB (MED) - Depress.  

a. WPN/RACK - Select.  

IDUT 
* Jettison of an inboard shoulder

mounted store from a TER at station 4 
or 6 with the MLG down may result in 
LG and store(s) collision. To avoid this, 
select RACK for jettison instead of 
WPN.

* Failure to load the actual stores 
configuration into SMS inventory 
could cause damage to the aircraft by 
inhibiting the selective jettison re
lease time delay used to insure safe 
3 7 0-gallon fuel tank separation when 
a store is present at station 3 or 7.  

NOT! 

"* To jettison the weapon, select WPT. To 
jettison both the weapon and the rack, 
select RACK.  

"* When 300-gallon and 370-gallon fuel 
tanks are carried simultaneously, the 
300-gallon fuel tank must be sepa
rated prior to the 370-gallon fuel 
tanks. '4 
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U. S. Active General Aviation Aircraft by Region and State
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aK FAA Region and State
SAlaskan SAlaska 

Central 
Iowa 
Kansas 
MissOur Nebraska 

Eastern 
Delaware 
District oi Columbia 
Maryland 
New lersey 
New York 
Pennsylvania 
Virginia . West Virginia 

Great Lakes 
Illinois 
Indiana 
Michigan 
Minnesota 

!:•' North Dakota 
,• . Ohio 

South Dakota 
Wisconsin 
New En!land 
Connecticut 
Maine 
Massachusetts 
New Hampshire 
Rhode Island 
Vermont 
N.W. Mountain 
Colorado 
Idaho 
Montana 
Oregon 
Utah 
Washington 
Wyoming 
Soudtern 
Alabama 
Florida 

Kentucky 
Mississippi 
North Carolina 
Puerto Rico 
South Carolina 
Tennessee 

Louisiana 
New Mexico 
ouahma 
Texas 
11a.,-

Aftomia bwaii 
4gvada 
)dw U.S. Territories 
PMW, Tota

SColumn total may differ from printed totals due to estimation procedures.

General Aviation Manufacturers Association and FAA.
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1991 

6,616 
6,616 

11,404 
2.597 
3,421 
3,781 
1,605 

22,306 
891 

46 
2,717 
3,312 
5.419 
5.688 
3.288 

943 
34.792 

6.343 
3,460 
6,823 
4.097 
1,489 
6.919 
1 072 
4.389 
8.223 
1.872 
1.231 
2.776 
1,393 

415 
561 

19,390 
4,064 
1.820 
1.331 
4.559 
1 031 
5,376 

698 
32,380 

3.010 
121336 

4,540 
1,446 
1,770 
4.493 

394 
1,878 
2,313 

26,517 
2,206 
2,843 
1.891 
3,371 

16,206 
36,322 

4,789 
29,261 

484 
1,988 

72 
198,422

1992 
6,083 
6,083 

10,251 
25-Oct 

2,973 
3,068 
1,721 

21,683 
1.047 

12 
25-Oct 

3.347 
5.615 
5,398 
2.609 

966 
32,943 

6.373 
3,411 
6,248 
4.517 
1.323 
6.101 
1,005 
3,965 
7,248 
1.589 

982 
2.483 
1,385 

322 
487 

19,153 
3.676 
1.804 
1.923 
3.935 
1,264 
5.874 

677 

30,731 
2.873 

11,753 
4.326 
1,472 
1,776 
3.729 

370 
1.669 
2,763 

24,884 
2,469 
2,823 
2,043 
2,762 

14,787 
31,320 

4,355 
24,909 

372 
1,684 

136 
184,434

1993 
5,410 
5,410 

10,517 
2,328 
2,953 
3,494 
1,743 

21,222 
1.332 

24 
2.299 
3,434 
5.371 
5,145 
2.764 

852 
32,424 

6,160 
3,753 
6.150 
4.383 
1,322 
5.620 
1,001 
3.836 
7,160 
1.477 
1.029 
2.191 
1.216 

284 
464 

18,259 
3,855 
1 .797 
1.808 
3.789 
1,041 
5.326 

645 
28,544 

2,736 
10,498 

3.796 
1,476 
1.469 
3,782 

305 
1,641 
2,766 

22,868 
2,415 
2,255 
2,120 
3,135 

12,944 

29,598 
4,111 

23,279 
312 

1,838 
N/A 

176,006

1994 
5,479 
5,479 
9,374 
2.028 
2.738 
2,822 
1,787 

20,419 
1.324 

37 
2,210 
2.929 
5.23 7 
3.067 
2.795 

824 
30,884 

6,002 
3,360 
3.737 
3, q4 
1,143 
5.583 

919 
4,037 
6,581 
1.339 

833 
2,605 
1 026 

324 
452 

17,415 
3.604 
1,380 
1,770 
4-057 

959 
4.729 

717 

28,731 
2,362 

10,374 
3,983 
1,411 
1.661 
4.014 

217 
1,366 
2,862 

23,529 
2.078 
2,437 
2,180 
2,858 

13,976 

28,185 
4,332 

21,728 
391 

1,729 

N/A 
170,600

1995 
5,338 
5,338 

10,321 
2,056 
2,992 
3.881 
1.392 

21,514 
1,735 

4 

3.384 
3.209 
5,145 
2.670 

995 
33,169 
6.652 
3.145 
6.237 
4 252 
1 '14 
,.367 

4 205 
6,724 
1,561 
1 .371 

! i61 
334 
328 

20,338 
4.174 
2.,)34 
i723 
4 362 
1 218 
5.910 

699 
30,007 

2.636 
11.723 

3.893 
1,398 
1373 
4,081 

166 
1,543 
2,967 

24,380 
2.238 
2.454 
1,843 
3,140 

14,705 

29,547 
4,709 

22,357 
460 

2,013 

N/A 

181,341



1.2 GENERAL AVIATION AND AIR TAXI NUMBER OF ACTIVE AIRCRAFT 

BY AIRCRAFT TYPE 

1988 - 1997
PAGE 1 OF 3

AIRCRAFT TYPE 19971/ 19961/ 1995"/ 19942/ 19932/ 19922/ 19912/ 1990 1989 1988 
(000) (000) (000)

FIXED WING: TOTAL 

% STO. ERROR 

PISTON: 
TOTAL 
% STD. ERROR 

ONE ENGINE: TOTAL 

% STD. ERROR 

TWO ENGINE: TOTAL 

% STD. ERROR 

PISTON: 
OTHER 
% STD. ERROR 

TURBOPROP: TOTAL 

% STD. ERROR 

ONE ENGINE: TOTAL 

% STD. ERROR 

TWO ENGINE: TOTAL 

% STD. ERROR 

TURBOPROP: OTHER 

% STD. ERROR

166,854 

0.7 

156,056 

0.7 

140,038 

0.7 

15,938 

2.8 

79 

43.0 

5,619 

2.1 

650 

5.8 

4,939 
2.1

163,691 

0.7 

153,551 

0.7 

137,401 

0.7 

16,082 
2.4 

68 

47.4 

5,716 
2.5 

719 
6.0 

4,917 
2.8

29 80 
* 24.0

162,342 

0.7 

152,788 

0.7 

137,049 

0.8 

15,706 

2.1 

33 

76.0 

4,995 
3.7 

668 
6.2 

4,295 
4.3

150,158 
0.7 

142,152 

0.8 

127,351 

0.8 

14,750 
2.3 

51 

48.8 

4,092 
3.2 

481 
5.0 

3,605 
3.7

156,936 

0.7 

149,156 

0.8 

133,516 

0.8 

15,626 
2.1 

14 

40.7 

4,116 
3.3 

650 
6.8 

3,443 
3.8

32 7 24

45.8

171,671 182.58 5 
0.7 0.7 

162,881 173,51 
8 

7.0 0.7 

144,837 152,83 
6 

0.8 0.8 

17,966 20,551 

1.7 1.7 

77 131 

17.7 22.2 

4,786 4,941 

3.1 2.7 

N/A N/A

4,

184.5 

0.5 

175.2 

0.6 

154.0 

0.6 

21.1 
1.3 

0.1 

30.0 

5.3 
1.8 

N/A

187 4,415 4.9 
3.5 3.0 1.8 

599 526 0.4 

3.0 2.4 7.0

190.8 

0.5 

180.8 

0.5 

158.9 

0.6 

21.8 
1.2 

0.1 

33.8 

5.9 
1.5 

N/A 

5.7 
1.5 

0.2 
14.2

183.8 

0.6 

175.0 

0.6 

153.7 

0.6 

21.2 
1.4 

0.1 

21.7 

4.9 

1.7 

N/A 

4.7 
1.8 

0.2 
7.1

-- KX-r'P ://AV I, HQ. t"uv/ (-"tA -1 11('m 1 %J%" 1 1 1 1-%

* 41.0



1.2 GENERAL AVIATION AND AIR TAXI NUMBER OF ACTIVE AIRCRAFT 
BY AIRCRAFT TYPE 

1988 - 1997 
PAGE 2 OF 3 

AIRCRAFT TYPE 1997"/ 19961/ 19951/ 19942/ 19932/ 19922/ 19912/ 1990 1989 1988 
(000) (000) (000) 

TURBOJET: TOTAL 5,178 4,424 4,559 3,914 3,663 4,004 4,126 4.1 4.1 3.9 

% STD. ERROR 3.0 2.3 2.5 2.2 2.8 2.4 2.0 2.0 1.5 2.0 

TWO ENGINE: TOTAL 

EST. ACTIVE 4,638 4,077 4,071 3.652 3,426 3,738 3,863 3.7 3.7 3.6 

% STD. ERROR 3.2 2.5 2.5 2.1 2.9 2.3 1.9 2.0 1.4 2.1 

TURBOJET: OTHER 539 347 488 262 237 266 263 0.4 0.4 0.3 

% STO. ERROR 8.2 6.3 14.6 15.1 11.8 15.3 14.4 8.2 8.2 5.s 

ROTORCRAFT: TOTAL 6,786 6,570 5,830 4,728 4,721 5,979 6,238 6.9 7.0 6.0 

% STD. ERROR 2.5 3.3 4.4 5.1 3.4 3.8 3.5 3.0 0.6 3.6 

PISTON: 2,259 2,S07 1,863 1,627 1,846 2,348 2,390 3.2 3.0 2.4 

TOTAL 
% STD. ERROR 6.0 6.3 9.2 10.3 6.3 7.7 7.6 5.3 1.2 7.9 

TURBINE: 4,527 4,063 3,967 3,101 2,875 3,631 3,848 3.7 4.0 3.6 

TOTAL 
% STD. ERROR 2.3 3.8 5.0 5.8 4.0 3.9 2.9 3.1 0.4 2.7 

ONE ENGINE TURBINE 3,762 3,420 3,234 2,485 2,246 N/A N/A N/A N/A N/A 

% STD. ERROR 2.4 4.1 6.3 7.3 5.0 

MULTI-ENGINE TURBINE 764 643 733 616 629 N/A N/A N/A N/A N/A 

% STD. ERROR 6.2 9.0 5.9 6.9 5.3 

OTHER AIRCRAFT TOTAL 4,092 4,244 4,741 5,906 5,037 8,000 8,051 6.6 7.2 6.4 

% STD. ERROR 5.8 5.5 3.8 4.9 1.9 2.9 3.0 2.4 4.1 3.4 

GLIDER 2,016 1,934 2,182 2,976 1,814 N/A N/A N/A N/A N/A 

S 
% STD. ERROR 4.1 4.5 4.9 6.4 6.9 

LIGHTER-THAN-AIR 2,075 2,310 2,559 2,931 3,223 N/A N/A N/A N/A N/A 

% STD. ERROR 10.6 9.4 5.2 7.2 5.7



1.2 GENERAL AVIATION AND AIR TAXI NUMBER OF ACTIVE AIRCRAFT 

"BY AIRCRAFT TYPE 

1988 - 1997 
PAGE 3 OF 3 

AIRCRAFT TYPE 19971/ 19961/ 1995"/ 19942/ 19932/ 19922/ 19912/ 1990 1989 1988 

(000) (000) (000) 

EXPERIMENTAL TOTAL 14,680 16,625 15,176 12,144 10,426 N/A N/A N/A N/A N/A 

% STD. ERROR 4.3 4.1 3.3 3.9 N/A 

AMATEUR BUILT 10,261 11,566 9,328 8,833 6,171 N/A N/A N/A N/A N/A 

% STD. ERROR 5.8 5.6 4.6 4.9 5.9 

EXHIBITION 1,798 2,094 2,245 637 1,868 N/A N/A N/A N/A N/A 

% STD. ERROR 7.3 8.6 7.8 16.8 7.4 

OTHER 2,620 2,965 3,603 2,674 2,387 N/A N/A N/A N/A N/A 

% STD. ERROR 6.0 4.2 3.S 5.4 5.0 

ALL AIRCRAFT 192,414 191,129 188,089 172,935 177,120 185,650 196,87 198.0 205.0 196.2 4 

% STD. ERROR 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.5 0.5 0.5 

BEGINNING IN 1993, EXCLUDED COMMUTERS.  

1/ DUE TO CHANGES IN METHODOLOGY, ESTIMATES MAY NOT BE COMPARABLE TO THOSE FOR 1994 AND EARLIER YEARS.  

2/ REVISED TO REFLECT CHANGES IN ADJUSTMENT FOR NONRESPONSE BIAS WITH 1996 TELEPHONE SURVEY FACTORS.  

NOTE: ROW AND COLUMN SUMMATIONS MAY DIFFER FROM PRINTED TOTALS DUE TO ESTIMATION PROCEDURES.  

* PERCENT STANDARD ERROR OF 100% OR GREATER.
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