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FOREWARD

This work was carried out in support of nuclear weapons risk assessments at
the Lawrence Livermore National Laboratory. Probabilistic temperature
distributions were derived for accidents involving hydrocarbon fuel fires for
certain aircraft locations. Effects of fuel spill rate, location and number of spills,
wind conditions (direction and speed), and aircraft orientation were considered
to derive the distributions, using previously published fire-test data.

The examples selected for analysis were for strategic bombers (B-52 and B-1)
on strip alert at several former SAC bases; both engine fires and collision with
other aircraft were studied. The results are specific for these cases, but the
methodology is believed to be applicable to other abnormal environments
involving fuel fires.

The work was performed under LLNL contracts B108499 and B199139.
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1
INTRODUCTION

This report describes an evaluation of flame exposure temperatures of
weapons contained in alert (parked) bombers due to accidents that involve
aircraft fuel fires. The evaluation includes two types of accident, collisions into
an alert aircraft by an aircraft that is on landing or take-off, and engine start
accidents. Both the B-1B and B-52 alert aircraft are included in the evaluation.

The temperature of weapon exposure depends on a number of factors that
are inherently statistical, for example, on the wind speed and direction at the
time of an accident, and for collisions, on the detailed nature of the collision
(angle of collision, speed, etc). The evaluation results are then also statistical in
nature; most results are given in terms of the probability that the weapon
exposure will exceed a given temperature for a situation of interest, for example,

for the B-1B aircraft at a particular air base or appropriately averaged over all
B-1B bases.

The evaluation of exposure temperatures is based on several types of data,
including fire test data, weather data, and "fuel spill location and rate" data. For
fuel spill related data, data was developed of necessity by an estimative
procedure, and the estimates contain a sizeable uncertainty. The data base and
the nature or source of its uncertainties are described in Section 2 of the report,
along with various assumptions made in the evaluation. Numerical estimates of
the data base uncertainties, and of the consequent uncertainty in exposure
temperature probabilities, are given in subsection 3.5. (These uncertainty values
are given in terms of plus or minus one standard deviation of error.) Although
subject to these uncertainties, the evaluation is thought to provide a useful and
"reasonable" estimate of the probability that weapons would experience given



exposure temperatures. The evaluation is useful further in that it identifies the
relative importance of the factors that govern weapon exposure in such
accidents. It also indicates the relative magnitude of uncertainties and in turn
then indicates the information required for improved predictions.

Section 4 provides a brief summary of the evaluated probabilities that
weapon exposure will exceed given temperatures, and includes uncertainties of
these results. The more detailed presentation of results is given in subsections
3.2 through 3.4. Section 4 is intended for readers interested in general results
who wish to avoid the details given in Sections 2 and 3.

Details of the data base are given in Appendices A through D. The computer
program which was developed for the evaluation of exposure temperatures is
described in Appendix E, including a listing and detailed explanation of its use.



2 ,
EVALUATION OF FLAME TEMPERATURE EXPOSURE:
DATA BASE, PROCEDURES, ASSUMPTIONS

The purpose of Section 2 is to (1), show the data base upon which weapon
exposure estimates were made, thereby also providing an indication of the
sources of uncertainty, and (2), describe the calculational procedure for
evaluating weapon exposure. The report is written so that the reader interested
primarily in weapon exposure predictions rather than the basis of the
predictions can omit Section 2.

There was a policy in evaluating weapon exposure that should be noted. To
the extent that it was possible, the best estimate of weapon exposure probability
was sought, with the idea that an uncertainty analysis would reveal the potential
inaccuracies of the best estimate; in other words, it was not the policy to seek
conservative or pessimistic values of the probability of exposure to given
temperatures. However, circumstances did arise where the conservative or
pessimistic approach was unavoidable. These cases are noted in Section 2.

It will be seen in the discussion below that the probability of exposure to
given temperatures depends on:

(1) the manner in which the flame temperature varies with location within

the fire, and the dependence of this variation on wind speed and fuel
spill rate,

(2) the direction (or directions) that the alert aircraft are pointed at a given
air base

(3) the statistical character of the wind speed and wind direction at a given
base,



(4) for the aircraft collision accidents, the dependence of aircraft traffic
(number of landings and take-offs) on time of day, and

(5) the likelihood that the fuel spills will occur at given locations with
respect to the alert aircraft and at given spill rates.

All of these factors are discussed in Section 2, starting with a brief description of
the flame temperature characteristics of fuel spill fires.

The flame temperature data used is from a series of six fire tests, where the
fuel was "spilled" at a constant rate onto a level surface, as illustrated on
Figure 2.1 (Refs. 1 and 2). This test is believed to provide the only fire data (1),
in which temperature measurements were made at sufficient spatial resolution
throughout a sufficient fraction of the flame volume to permit an evaluation of
expected exposure temperatures, (2), that was conducted under the condition of
fuel "spilling" onto a flat surface (the condition of primary interest for the
accidents considered in this report),* and (3), in which there was a systematic
exploration of the effect of the wind speed and spill rate on flame characteristics.

SIMULATED FLIGHT DECK
(100 x 100 ft)

Figure 2.1  Fire Test Configuration

*

Most large fuel fire tests are conducted for reasons of experimental simplicity under a
condition known as a "pool fire", where there is a pool of fuel on the "ground surface” that is
contained along it's periphery by a physical barrier. There are technical reasons to believe that
flame temperatures or temperature patterns would differ for "spill" and "pool” fires of
comparable fuel diameter. It is unclear if the flame differences are or are not significant, and at
the present time, there arc no equivalent tests from which a comparison can be made.
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The wind speed and spill rate conditions of the tests are given in Table 2-1
below. It can be seen that two tests were conducted for the medium wind speed
at a spill rate of 300 gpm; the difference in flame temperature from the two tests
is used as a measure of test to test reproducibility, and the effect of this
difference on the probability of exposure to given temperatures is shown in
subsection 3.5.

TABLE 2-1 Fire Test Condition Organization

WIND SPEED
LOW MEDIUM HIGH
5 mph 15-18 mph 26 mph
150 TEST 7
FUEL
SPILL 300 TEST 8 TEST 4 TEST 3
RATE, TEST 9
gpm
600 TEST 6

An illustration of the spatial patterns in flame temperature is given in
Figure 2.2 for the wind of 5 mph and the fuel spill rate of 300 gpm. (Contours
for all test data used are given in a somewhat different format in Appendix A.)
Figure 2.2 shows horizontal contours of the time-average temperature at the four
heights of 1, 4, 7 and 10 feet; the horizontal coordinate axis is parallel to the wind
direction, this coordinate corresponding to the downwind distance from the fuel
spill point, and the vertical coordinate is the crosswind distance from the fuel
spill point. It can be seen that the time-average temperature contours are more
or less circular, that the centers of the contours are downwind of the fuel spill
point, that the highest temperature region is increasingly downwind with
increasing height, and that the highest temperature and the dimensional area of
the higher temperature regions increases with increasing height. It can also be
seen that there are small regions at the 7 and 10 foot height which exceed 2150°F;
temperatures above 2150°F are found only for the 5 mph wind speed.
Examination of data for higher wind speeds shows that the magnitude of the
highest temperature tends to decrease with increasing wind speed; there is also
the trend that the height of the highest temperature region decreases with
increasing wind speed.
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Figure 2.2 Temperature Contours for 5 mph Wind Speed

An example of the temperature contour patterns for a spill rate again of 300 gpm
but at the wind speed of 15 mph is given on Figure 2.3. In contrast to the
circular contours for the 5 mph speed, the contours for 15 mph are elongated
along the wind direction axis.* For the 15 mph speed, the flame footprint areas
are comparatively large (although the spill rates and fuel layer diameters are the
same as for 5 mph), and the "centers" of the contours are significantly further
downwind. Figure 2.4 shows, for example, the relative downwind location of
the center of the highest temperature regions for the 5 and 15 mph wind speeds.

*  The anomalous narrow, vertical contour in the upper right of the contour map for the

7 foot height is thought to be due to the "splash” of liquid fuel onto insulation ncar the
temperature sensors.
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This illustrates that the temperature of exposure depends a great deal on wind
speed. Exposure level also depends on the fuel spill rate, but the impact of spill
rate is considerably less than wind speed. Fuel spill rate influences the fire "size"
in the sense that the diameter of the liquid fuel layer depends on the spill rate.
The fuel layer diameter increases from the initiation of the fuel spill until it
reaches a maximum and thereafter constant diameter.  Analytic and
experimental data show that this maximum fuel diameter is related to the spill
rate approximately as D = 3.5 (5)%, where D is the diameter in feet for a spill rate
S in gpm. It would be expected that as the fires get larger, the probability of

weapon exposure would increase. While this is true, it will be seen in Section 3
that the effect is not particularly significant.

Temperature was measured in the six tests referred to above at locations over
four herizontal planes (at heights of 1, 4, 7 and 10 feet), and the distance interval
between measurement locations in each horizontal plane was 2.5 feet in both
horizontal directions. @ For purposes of computation, the time-average
temperature at each location for each test is storeZ on magnetic disc; the data is
arranged so that when a given fire location is input, the temperature at that
location is output.*

Temperature measurements for the six fire tests are "free field measurements”
in the sense that there were no significant' objects or structures near to or
immersed in the flame region. The presence of an aircraft will modify the
temperature and temperature patterns, in most cases locally, but in certain cases
the entire flame region will be affected. It is important to discuss the
unavoidable consequence of using free field measurements. In this regard, it is
useful to discuss various characteristics of the flame region for fires of this type,
and it is convenient to start with fires under conditions of no wind. The
discussions will also serve to indicate the nature of heat transfer to objects
immersed in fires of this type.

Regarding the nature of this type of fire, fuel is vaporized along the surface
of the liquid fuel due primarily to radiant nheating from the flame region. The
fuel vapor rises into the flame region, starting at "very low speed" near the liquid
surface and increasing in speed with height. Example calculated and measured
values of the vertical drift velocity along the axis of a 50 foot diameter pool fire
are given in Figure 2.5; it can be seen that speeds of approximately 60 ft/sec are
achieved at a height of 20 feet for fires of this size (Ref 3). As discussed below,
there is a rotational or spin velocity superimposed on the above drift velocity.

Part of the fuel vapor will pyrolyze as it progresses from the fuel surface up
through the flame, and soot formation is significant. Example measurement

»

This temperature data is available from: JM Technical, 531 NW Canyon Dr., Redmond,
OR 97756, (503)-923-2107 (Attn: Joe Mansfield); Lawrence Livermore National Laboratory,
P.O. Box 808, Livermore, CA 94550 (Attn: Douglas Stephens).



results given on Figure 2.6 for the 50 foot diameter fire show an increase in soot
mass fraction with height to a maximum of about 3 percent at the 37 foot height;
the lower mass fraction at the 70 foot height is primarily a result of "excessive"
air entrainment at that height (Ref 3). Soot formation is enhanced in the lower
region of the fire, particularly the lower central region, by the absence of free
oxygen. For the 50 foot fire, again, Figure 2.7 shows very small mass fractions of
oxygen in the central region even at heights of 9.4 and 18.8 feet. Air is drawn
into the flame region from outside the fire, and significant penetration to the
lower central region does not occur in the absence of wind.
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The mechanism of air entrainment in the absence of wind relates to
buoyancy. Given that there is a "well-mixed" fuel/air quantity at some location
in the fire, the mixture will combust, rise in temperature, expand and buoyantly
rise. The vertical buoyant motion will in turn cause air to be drawn into the
region from outside the fire, thereby providing additionai oxygen and the means
for continuing the mixing/combustion/buoyant rise/air entrainment sequence.
This sequence is pulsating or cyclic in nature; combustion will occur in a local
region, the combustion product mass (and inerts) will rise from the region, and
the region subsequently experiences a time period (e.g., a fraction of a second to
perhaps 2 or 3 seconds) of relative chemical inactivity followed by reinitiation of
combustion. There is a spin motion of the rising combustion product mass,
forming a so-called "turbule." There is a sizeable variation in the dimension of
turbules, but they appear to be typically of the order of 10 feet or more in
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diameter. For fires with no wind, the spin of the turbules is oriented as
illustrated on Figure 2.8, that is, the spin velocity is upward on the turbule side
nearest the fire axis. In order for combustion to occur, fuel and oxygen must of
course mix at a "molecular level”, and the physical process of mixing is an
important determinant of the fire character and specifically of the maximum
temperatures that are achieved. The turbulence associated with the turbules is
unquestionably related to the rate of fuel/air mixing. Figure 2.9 shows the mass
fraction of raw fuel with height along the axis of the 50 foot diameter fire (Ref 3).
Although substantial oxygen is available in the upper regions of the fire, it can
be seen that measurable quantities of fuel occur up to the 70 foot height. There

are also measurable quantities of free hydrogen in the upper regions of the fire
(Ref 4).

With the addition of wind, the horizontal air flow interacts with the
upflowing fire constituents, and there is some air penetration and mixing of the
air with the flame constituents (in addition to that caused by buoyancy). On the
basis of the fuel spill tests (Ref 1), temperatures at very low heights (e.g., 1 foot)
tend to increase with increasing wind speed; apparently, wind causes increased
combustion in the lower regions, probably due to greater air entrainment in the
region, perhaps also due to enhanced fuel/air mixing. As noted earlier,
however, there is a decrease in the maximum flame temperature and the height
of the maximum temperature with increasing wind speed. The decrease in
maximum temperature may be due to the cooling effect of "excessive" air
entrainment, although there are no confirming data on the distribution of
chemical composition for fires with wind. It might be anticipated that the
entrainment from a "steady" wind would reduce the turbulence compared to the
no wind fire. Purely on the basis of visual test observation, this does not appear
to be the case; the pulsating nature of air entrainment, turbule formation, and the
highly turbulent rise of the turbules appears no less intense and is a prominent
feature of the fires with or without wind.

If any step in the combustion/buoyant rise/air entrainment/fuel vaporization
sequence described above is by some means reduced, the entire sequence will be
curtailed. The placement of objects of sufficient surface area in regions of the fire
near or below what would ordinarily be the primary region of combustion can
substantially change the fire, tending to reduce the overall rates of combustion,
air entrainment, fuel vaporization, and so on. For certain fuel spill locations and
fire sizes, the surface area of the wing/fuselage of an alert aircraft is sufficient to
alter the overall fire. The most extreme case appears to be for a fire centered

12
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below the engine/central fuselage region of the B-1B; this is illustrated for a 70
foot diameter fuel layer on Figure 2.10. For this fire diameter under conditions
of "low" wind, the primary region of combustion in the absence of the B-1B
would be at and above the fuselage height of the B-1B,
and it is thought that the total rates of combustion, fuel vaporization and air
entrainment will be reduced, and that the temperature averaged over the flame

Figure 2.10 Configuration of High Aircraft Influence on Fire

volume will be reduced. This does not mean that the temperature at every
location will be reduced, and due to flow ¢ "*ern modification, certain locations
where low to moderate temperatures occur i1, .ie absence of the alert aircraft can
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actually be higher in temperature with the presence of the alert aircraft; an
increase in the maximum temperature due to the presence of the aircraft is not
anticipated. Thus, for a specific set of conditions (e.g., fuel spill location, wind
speed, spill rate, etc.), the predicted temperature using free field measurement
date can be lower than would occur; however, it is thought that more often than
not, the prediction would be higher than would occur. From a statistical point of
view (i.e., when all conditions are appropriately weighted), it is thought that
predicted probabilities of exceeding a given exposure temperature using free
field measurements will tend to be higher than would occur with the aircraft
present. The above statement is judgmental and an appropriate series of fire
tests with simulated aircraft immersed in the fire would improve the reliability
of prediction.

It is more common that a structure immersed in the fire will influence the fire
primarily in the local region of the structure, rather than changing the dynamics
of the overall fire as described above. For many accidents of interest, the
weapon itself will be temporarily protected from direct exposure to flame by the
fuselage. Regarding protection by the fuselage, analysis of accident reports has
shown for landing accidents, for example, that on the average 50 percent of the
aircraft structure is consumed by fire, although these studies and reports do not
provide a clear indication of the rate of consumption (Ref 5). On the basis of
work conducted by the FAA, FAA personnel indicate "that fuselage
burn-through (aluminum) typically commences in the time period of 40 to 60
seconds, and that while the rate of fuselage consumption depends on the type
and amount of fuselage liner, the time to progress to extensive flame exposure of
cargo is typically of the order of 3 to 4 minutes” (Ref 6). Fuselage burn-through,
then, appears to occur in small time periods compared to "medium or long"
duration fires. Because burn-through time is apparently comparatively small,
and because there is a sizeable uncertainty in time to burn-through, the

conservative policy of assuming immediate exposure appeared reasonable and
was adopted.

Once fuselage burn-through is sufficient to result in direct flame exposure,
the flame will tend to be modified locally by the presence of remaining fuselage
structure. In the statistical sense, it is thought that temperature predictions
based on free-field measurements would be once again more severe than the
actual temperatures. However, the presence of fuselage fuel tanks in the vicinity
of the weapons, both for the B-52 and B-1B, is a factor that should be considered.
Tests and calculations indicate that flame exposure of aluminum fuel tanks will
not cause tank wall melting in the fuel-wetted region of the tank (Refs. 7, 8),
although melting will result in the ullage or vapor region. Exposure will cause
boil-off of liquid fuel at estimated rates of about 0.1 gpm per square foot of tank
area exposed to the flame. Thus, there appears to be the potential of a
reasonably significant source of fuel vapor in the region of the weapons,

15



probably at a height near or above the location of the highest weapon. It is not
anticipated that the fuel source would create an abnormally severe weapon
exposure, but the effect of an elevated source is far too complicated for reliable
judgement; reliable assessment would require analysis or testing.

Regarding heat transfer to objects in fires of this type, the factors that
primarily dictate the mode of heat transfer are the "high" soot concentration and
"intense" turbulence characteristic of such fires. It was shown in Figure 2.6
above that soot mass fractions of approximately 0.03 were achieved. For this
mass fraction, and for soot particle diameters and photon wavelengths typical of
these flames, the radiation absorption coefficient is of the order of 40/ft (see for
example Ref 9).* Thus, 90 percent of the photons of the photon beam (IR beam)
are absorbed in about % inch (and the emissivity of a soot cloud layer somewhat
thicker than % inch approaches 1.0). Radiant heat transfer to an immersed
object, then, originates from and depends on the temperature within the very
thin layer that surrounds the object. This layer is thicker of course in regions of
the fire where the soot concentration is smaller.

As a "hot" gas flows around an immersed object, a boundary layer is
developed around the object, and the boundary layer will be laminar or
turbulent depending on the circumstances. The boundary layer tends to be
cooler than the rest of the flow due to energy loss to the object. For fires of
interest here, the temperature of the layer surrounding the object will be
increased intermittently by the passing of the high temperature turbules
described above, and this temperature influence on the layer will occur in two
fundamentally different ways. When the object is in the path of the rising
turbule, the high velocities of the turbule (spin and drift) essentially result in a
momentary replacement of the layer constituents with the constituents of the
turbule, that is, the original boundary layer will be virtually but momentarily
eliminated. During this period, then, there is direct radiant transfer to the object
from the high temperature soot that exists in the turbule. When the turbule
passes by the object at some distance from the object and does not directly
"interact" with the object, there is no direct radiation from the turbule to the
object. However, as the turbule progresses past the object, the cool layer around
the object can be influenced by the turbule in the following way. As the turbule
progresses, the thin layer immediately surrounding the turbule (about % inch
thick) is first heated by the turbule by direct radiation from the turbule, that
layer in turn radiates to the next layer (and also back to the turbule), and so on to
the successive layers. However, in such a "radiation propagation”, the

*  For purposes of estimate, a soot particle diameter of 1.5 micron and photon wavelength

of 2 microns (the peak wavelength from a blackbody at about 1850°F) was assumed. Also, total
crossection (absorption and scattering) was used.
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temperature of successive layers decreases, and it also takes time for the
propagation to occur, that is, there is some average propagation speed. (This is
somewhat analogous to the speed of thermal conduction in a solid.) To our
knowledge, the magnitude of temperature influence for given distances from a
high temperature turbule has not been calculated nor measured; purely from
intuition, we suspect that for turbules of 10 foot diameter, the influence will be
negligible for distances larger than about 5 to 10 feet.

The discussion turns now from temperature data to the orientation of the
alert aircraft and the wind characteristics. Figure 2.11 shows a sketch of the
runway and alert aircraft arrangements for Wurtsmith and McConnell AF Bases
as example aircraft/airport configurations. (Comparable configurations for all
twelve air bases considered in this report are given in Appendix B.) A common
arrangement of alert aircraft is that a number of aircraft are pointed in each of
two directions; for example, for Wurtsmith AF Base on Figure 2.11 it can be seen
that there are five aircraft positions where the aircraft are pointed to
approximately 140 degrees and four where the aircraft are pointed to
approximately 230 degrees; for McConnell AF Base, Figure 2.11 shows five
aircraft at each of the angles 10 and 190 degrees.*

*

It has been indicated (private communication, Park Winter, LLNL) that parking
arrangements can vary in the sense (1), that the number parked in a given direction will change
from time to time, (2), that for some bases there is occasionally one aircraft pointed in a third
direction, and (3), that in some cases the parking direction can only be specified within an
angular range (e.g., = 20 degrees). For purposes of this report, a baseline arrangement for each
base was selected on the basis of the information provided. The pointing directions and number
of aircraft at each direction for the baseline arrangement for each base is given in Appendix B.
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WURTSMITH AF BASE

McCONNELL AF BASE, KS

Figure 2.11 Aircraft/Runway Configuration at Wurtsmith & McConnell
AF Bases
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Regarding the weather, Figure 2.12 shows the probability that the wind is
from a given direction for Wurtsmith and McConnell AF Bases. (Wind direction
plots and other weather data for the twelve bases considered in this report are
given in Appendix C.) There is a tendency for the wind to be predominant for
two direction ranges which are separated by about 180 degrees. From Figure
2.12 this tendency is evident for McConnell AF Base, where there is a
predominant wind direction range centered at about 180 degrees and a range of
somewhat less prominence centered at about 10 degrees. For Wurtsmith AF
Base, the tendency for the two predominant ranges is not as clear; there is clearly
a predominance whose peak is at 200 degrees, and some suggestion of a second
predominance at about 40 degrees. Examination of Figures 2.11 and 2.12 shows
that the alignment of the runways tends to coincide with the predominant wind
directions, and wind direction probabilities favor take-offs from or landings on
the alert pad end of the runway, that is, for take-offs or landings that have a
component of wind flow opposing aircraft motion, take-offs from or landings on
the alert pad end of the runway are statistically more probable. Calculation
snows this probability is 69% and 57% for Wurtsmith and McConnell,

respectively; these probabilities range from about 50% to the most extreme case
at Castle AF Base of 82%.
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Figure 2.12 Wind Direction Distribution at Wurtsmith & McConnell
AF Bases
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The probability that a given wind speed will occur is illustrated on Figure
2.13 for McConnell, Wurtsmith, Grand Forks and Castle AF Bases, where the
probabilities for Grand Forks and Castle AF Bases have respectively the highest
and lowest average speeds of any base considered. The probability that the
wind speed will lie within the ranges 0 to 10, 10 to 20, and above 20 mph is
given in Table 2-2, where these speed ranges correspond to those selected above
to represent the low, medium and high speed ranges associated with the
temperature data. Because the low wind speed is the most probable wind, the
character of the low wind speed temperatures will tend to have the greatest
influence on the probability of exposure to various temperatures, and the rarity
of the high speeds will cause the high speed temperature data to have little
influence on the results. Table 2-2 also lists the average wind speed for each of
the four bases, and the average is listed for all twelve bases in Appendix C. The
wind speed averaged over all twelve bases is 7.9 mph.

Consider next that the wind conditions will vary somewhat with time of day
at a given base. Consider also that airport traffic (the rate of landings and take-
offs) varies with the time of day. It is expected that the number of accidents
would increase in proportion to the number of landings and take-offs; thus,

0.45
—O—— CASTLE
03 4 ~——0O—— GRAND FORKS
E ) ——O—— MoCONNELL
-
o ——t—— WURTSMITH
<
m
o]
v
Q.

WIND SPEED, mph

Figure 2.13 Wind Speed Probability Distributions
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TABLE 2-2 Probability Wind Speed Will Be Within Given Ranges

WIND SPEED RANGES, mph

0-10 10 - 20 > 20

McCONNELL .59 37 .04
(Avg. 8.6 mph)

WURTSMITH 67 31 .02
(Avg. 7.1 mph)

GRAND FORKS 53 .39 .08
(Avg. 10.4 mph)

CASTLE 91 .09 <.005

(Avg. 5.0 mph)

there would be a greater probability for an accident to occur under the wind
conditions at peak traffic times than at others. The effect of traffic and wind

conditions vs time of day was included in the evaluation of exposure
temperatures.*

Available traffic data consisted of the relative traffic for four each six hour
periods starting at midnight. Typical traffic data for these time periods is given
in Table 2-3; traffic for other bases is given in' Appendix C. There is not a great
deal of base to base variation in relative traffic vs time of day, and it can be seen
from Table 2-3 that about one-half of landings and take-offs are during the
"afternoon" hours (1200-1800 hrs).

*  There will be some dependence of wind conditions with time of year, and there may be

some variation of traffic with time of year. This effect was not included in exposure evaluation.

Also, the likelihood of landing/take-off accidents is comparatively high under certain
severe weather conditions. Exposure evaluation does not account for this weather dependency.
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TABLE 2-3

Fractions of Landings or Take-offs at Various Times of Day

TIME OF DAY (GMT)
0000 - 0600 | 0600-1200 | 1200-1800 | 1800 - 2400
DYESS .06 22 51 21
GRAND FORKS .06 .28 52 14
SAWYER .06 24 .53 17

The effect of the time variation of traffic was incorporated into the evaluation
of expusure temperatures through an appropriate data processing of weather
data. In this regard, weather data was first processed to determine the relative
probability of occurrence of any wind direction/wind speed/time of day
combination: in terms of an example combination, the probability is determined
that the wind direction will be within the range 60 + 5 degrees within the wind
speed range of 10 to 20 mph at a time between 0600 and 1200 hours. Since there
are 36 wind direction ranges, 3 wind speed ranges and 4 time-of-day intervals,
tile number of combinations is 36 x 3 x 4 = 432. For the second step, the
probability value for each combination is adjus’ed in proportion to the traffic for
that combination. Specifically for this step, the 108 probability values for the
time interval 0000-0600 hours are multiplied by the traffic fraction for that time
of day (9.06 for Dyess on Table 2-3), the 108 probability values for the interval
0600-1200 hours are multiplied by the traffic fraction for that time interval (0.22
for Dyess on Table 2-3), and so on; the resulting probability set is then
normalized so that the sum of 432 probability values is unity. The adjusted
probability values each represent the relative probability that an accident will
occur for a given wind speed/wind direction combination. This probability set,
along with other probability sets discussed below, is then used in the evaluation
of exposure temperatures. Weather/traffic probability sets have been developed
for all twelve bases, and an example set is given in Appendix C.



It is mentioned here that there are more accidents during landing than
take-off, and this is a factor that must be accounted for in the exposure
evaluation. A study of commercial carrier accidents that occurred over a period
of eleven years shows that for aircraft crashes that resulted in fuel fires, the ratio
of landing to take-off accidents was 3.0; this study comprised aircraft ranging in
size from the Boeing 737 to the DC-10 (Ref 5). For military bases, the ratio of
landing to take-off accidents is approximately 2.0 for "high performance" aircraft
and 3.8 for "air carriers" (Ref 10); however, the ratios for military bases were
compiled without distinction between accidents that did or did not result in
fires. While the ratios for commercial and military base accidents are mutually
supporting, the ratio for military base accidents that result in fire is unknown.
Thus, a value of 3.0 is used as a baseline ratio, and the effect of the uncertainty in
the ratio is given in subsection 3.5.

The next input considered pertains to fuel spills. Exposure temperature
evaluation requires knowledge of the relative probability that fuel spills will
occur at various locations and at various volumetric spill rates. While this is a
necessary input for aircraft collision accidents, there is essentially no data base
indicating locations or rates, nor information from which they may be derived.
Consequently, a procedure was developed to estimate the required probabilities
for various types of aircraft collision. While the procedure is systematic, it
inherently involves technical judgement and is subject to corresponding error. It
was initially anticipated that while there is a sizeable uncertainty in this input,
resulting exposure temperature results would not be particularly sensitive to
errors in this input; while the results did prove to be reasonably insensitive, fuel
spill probabilities represent the primary source of uncertainty in temperature
evaluation. Subsection 3.5 includes estimates of uncertainties caused by
uncertainties in the fuel spill input.

Regarding the fuel spill input for the aircraft collision, consider first the
location of fuel tanks on the alert aircraft. Sketches illustrating fuel location for
the B-1B and B-52 are given on Figure 2.14. For purposes of calculation, a set of
discrete locations must be selected which represent potential fuel spill locations.
The selected spill locations are illustrated in Figure 2.15; numerical specification
of these locations is given in Appendix D.

The labeling of potential spill points on Figure 2.15 should be noted.
Fuselage tank spill points have been designated F1 through F6 for the B-1B, and
F1 through F5 for the B-52. Left wing spill points are designated L1 through L5,
and right wind points R1 through R5. These designations will be refe. .ed to
below in the discussion of the procedure for evaluating spill probabilities.
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Figure 2.14 Alert Aircraft Fuel Locations
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Figure 2.15 Fuel Spill Locations and Designations
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In addition to the alert aircraft, there will be fuel spills from the colliding
aircraft, and fires from spills at the colliding aircraft (when it comes to rest) can
contribute to weapon exposure in the alert aircraft. It is necessary then to locate
fuel spills from the colliding aircraft with respect to the alert aircraft. The
manner in which these locations are designated is illustrated in Figure 2.16.
Figure 2.16 shows a grid of potential spill locations designated Cn,n,, where n,
and n, are numbers which indicate the lateral position and vertical position,
respectively. The spacing between grid lines is 25 feet.

Regarding the procedure for estimating probabilities of spills at various
locations and rates, for purposes of illustration consider the broadside collision
of an aircraft into a B-52. The sketch on Figure 2.17 illustrates first of all a
subcategory of this type of collision, where the left wing tip of the colliding
aircraft impacts the fuselage nose of the B-52; specifically the sketch is intended
to represent a collision in which the left wing tip guide line shown in Figure 2.17
lies between the upper two dashed lines, or in the region labeled "1". It can be
seen that the broadside collision has been separated into 12 collision regions, and
as described below, each region represents a subcategory of the broadside
collision where the events of the collision for each subcategory (and the locations
and types of damage) are distinct. Since it is as likely for the colliding aircraft to
be in one position as another, the relative probability for a collision associated
with a given region is proportional to distance between the dashed curves for
that region. For the wing tip/nose impact on Figure 2.17, the region 1 collision,
the impact is to the "crew stations" section of the B-52, and the impact is judged
to be remote enough from the forward fuel tanks (F1 spill location) to not cause a
spill from the B-52 tanks. However, the left wing tip region of the colliding
aircraft will sustain tank damage. The extent of damage and the eventual
location of the fuel spill will depend on the speed of the colliding aircraft at
impact. The speed at impact can vary from near zero (where the aircraft comes
in ground contact well away from the alert aircraft and skids and slows before
impact) to above landing/take-off speed (where ground contact is coincident or
at near coincidence with aircraft collision). It is as likely that the colliding
aircraft will make ground contact at one distance from the alert aircraft as any
other distance, and one collision speed is thereby as probable as any other in this
speed range. For purposes of analysis, the speeds at collision have been divided
into three ranges referred to as low, medium and high speed, where the low
speed range corresponds to the range from zero to %4 of maximum possible
speed, medium from % to % of maximum, and high from % maximum to
maximum,; the relative probability that the impact speed will be in a given range
is thereby 0.25 for the low speed range, 0.25 for medium and 0.50 for high.
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Figure 2.16 Fuel Spill Location Designation for Spills from Colliding
Aircraft
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Figure 2.17 Region 1 Broadside Collision into B-52
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On the basis of these relative probabilities for a collision to occur within a given
speed range, and from an evaluation of the relative probabilities of the collision
occurring in the various regions shown in Figure 2.17, the relative probabilities
for a collision occurring in a given region within a given speed range can be
evaluated. These 36 probability values (12 regions x 3 speed ranges) for the B-52
broadside collision are given in Table 2-4 (columns 3, 4 and 5). The
corresponding probabilities for collisions into the B-1B and the B-52 at all
collision angles considered are given in Appendix D.

TABLE 2-4 Probabilities For Various Types of Broadside Collisiion
into B-52 at Various Collision Speeds

COLLISION RELATIVE RELATIVE PROBABILITY FOR

REGION | PROBABILITY FOR COLLISION IN GIVEN REGION AT
COLLISION IN GIVEN COLLISION SPEED RANGE

GIVEN REGION LOW MED HIGH

0 - 40 mph 40 - 80 mph | 80 - 160 mph

1 05156 01289 01289 .02579

2 07736 .01934 01934 03868

3 06160 .01540 01540 .03080

4 04012 .01003 .01003 .02006

5 07736 .01934 01934 03868

6 05444 .01361 .01361 02722

7 06016 01504 .01504 .03009

8 10316 .02579 02579 05158

9 11176 02794 02794 .05587

10 .10888 02722 02722 05444

11 11892 .02973 .02973 05946

12 13468 .03367 .03367 06733

TOTAL 1.0000 .25000 .25000 50000
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The next task is to estimate the location of fuel spills for collisions at each
region for each speed range. There are a number of factors to consider in
making this estimate, and the following discussion illustrates the procedure of
estimate. For purposes of demonstration, consider the region 2 broadside
collision into the B-52 which is illustrated in Figure 2.18. Tt is first of all judged
that fuel tank ruptures will occur (1), on the left wing of the colliding aircraft at a
position about 1/3 wing length inward from the wing tip, and (2), at the F1
(forwardmost) fuselage spill point of the B-52. For the low speed range collision,
there is some question whether damage would be sufficient to rupture tanks in
the F1 region since the initial fuselage/wing contact at impact is somewhat
forward of tankage in the F1 region; when it becomes difficult to judge whether
a rupture will or will not occur at a location, but there appears to be a reasonable
probability for rupture, it is the procedure policy to assume the rupture. For this
collision, impact will cause the colliding aircraft to rotate CCW (about a vertical
axis), and there can be some tilting of the wing of the colliding aircraft in either
direction (rotation about the fuselage axis). Regarding the wing tilting, the
sketch on Figure 2.19 shows the relationship of the left wing of the colliding
aircraft and the B-52 nose under their normal parking state. Under this idealized
state the wing tip impact would be about center height of the fuselage nose.
There is probably a tendency for the colliding aircraft fuselage to be slightly
lower than at normal parking due to wheel retraction in some cases and wheel
system damage at ground impact in others. For the case where the wings of the
colliding aircraft are reasonably level at collision, there is probably a slight
tendency for the left wing tip to be driven down and perhaps under the B-52
nose. When the left wing tip is lower than the right wing tip at collision, it
appears much more likely that the left wing will be driven down and under the
B-52 nose. For these cases, the left wing tip may or may not make contact with
the ground surface Contact with a "tarmac" surface (probably momentarily)
would appear to contribute only slightly to the CCW rotation of the colliding
aircraft (compared to the contribution of impact with the B-52 nose). When the
left wing tip is higher than the right at collision, the left wing would tend to be
driven upward and perhaps over the B-52 nose. The right wing may contact the
ground surface, and with contact, the frictional forces would provide some
counteraction of the CCW rotation of the colliding aircraft. It is judged that the
speed reduction of the colliding aircraft due to ground contact of either wing tip
would be insignificant. It is judged that the momentum or speed loss of the
colliding aircraft due to the impact between the wing and nose is of the order 10-
20 percent, so that the skid distance of the colliding aircraft would be of the
order of 20-35 percent less than the distance for an equivalent but unobstructed
skid. (100 feet has been assumed as the unobstructed skid distance for a speed
that is ¥4 of maximum speed). It is judged that forces lateral to the direction of
motion acting on the colliding aircraft by the B-52 fuselage during the impact
process are insufficient to significantly change the direction of motion of the
center of mass of the colliding aircraft. Likewise, lateral forces on the colliding
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Figure 2.18 Region 2 Broadside Collision into B-52
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Figure 2.19 Example Wing/Fuselage Collision Position

aircraft by the ground are judged to be insufficient to significantly change the
motion, and the CCW rotation of the colliding aircraft is judged to be in the
range of 10 to 30 degrees. Rotation of the B-52 is judged to be insignificant.

On the basis of factors in the discussion above, the rupture in the left wing of
the colliding aircraft when at rest is judged to be at any of the following
locations for the low speed impact: C-13, C-14, C-23, C-24, C-25; the general
arrangement with respect to the B-52 of these five locations, along with the F1
location, is illustrated in Figure 2.20. The reason that there are five locations
listed for the colliding aircraft is a consequence of the uncertainty of determining
this spill location, and there are several sources of this uncertainty. First, there is
the uncertainty in the rotation of the colliding aircraft. Second, this case is for
the low speed impact range, which includes impact speeds from near zero to %
of maximum speed, and the range of skid distances appropriate to the velocity
range must be included. Third, even for a known impact velocity, there is an
uncertainty in the skid distance. Fourth, there is an uncertainty regarding the
speed loss due to impact. Finally, there is an uncertainty in the position of the
rupture on the left wing.

With these uncertainties, the location cannot be determined to a greater
accuracy than is represented by an area that encloses the five points, and we
cannot determine that a spill at any one of the five locations is more likely than
spills at any of the other four. The policy then is to treat each of the five
locations as equally probable spill sites, and the probability of a spill at each is
thereby /s of the probability of a region 2 collision at low speed (i.e., from Table
2-4, /5 x 0.01934 = 0.00387). Thus in the exposure evaluation, weapon exposure
from fires for spills at all five locations is determined, but the probability for
each of the fires is 0.00387. It is important to recognize however
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Figure 2.20 Example Double Spill Locations

that there is also a concurrent rupture at the F1 location, that is, the region 2
collision results in simultaneous spills at F1 and at a wing location. There are
then the following five "double" rupture cases to consider:

F1 and C-13
F1 and C-14
F1 and C-23
F1 and C-24
F1 and C-25,

and the probability of each combination is 0.00387.

When there are two (or more) ruptures, the interest is solely with the fire
causing weapon exposure (or the most severe exposure) for the wind conditions
then under consideration. Thus, the weapon exposure temperatures for both
fires are determined, and only temperature values from the fire which results in
the highest temperature at the weapon are retained for evaluation of the
probability that weapons will be exposed to various temperatures.
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Multiple concurrent ruptures are common for collisions in the various
regions. In applying the procedure for estimating spill locations, it was found
that as many as four concurrent ruptures occur, and triple ruptures were found
to be by far the most common case. A region 4 collision at high speed illustrated
in Figure 2.21 is an example which led to a triple rupture, with one rupture at
the F1 or F2 location, a second rupture in the right wing at R2, R3 or R4, and a
wing rupture in the colliding aircraft located at C15, C04, C-13, C-14, C-23, C-24,
C-33 or C-34. For this case then, there are 2 x 3 x 8 = 48 equally probable fire
combinations (from Table 2-4, the probability of each combination is

0.02006 / 48 = 0.00418), and the weapon exposure temperature is evaluated for
48 x 3 = 144 fires.

The existence of concurrent fires has a significant bearing on the predicted
probabilities that weapon exposures will exceed given temperatures. For a
single fire, there tends to be a sizeable range of wind directions at which the
flame is directed away from the weapon. With two or more concurrent fires,
wind directions that are unfavorable to exposure from one fire are often
favorable to exposure from another. Recognition that the existence of multiple
fires would be common and would affect exposure probabilities is largely why a
significant effort was devoted to estimating fire locations and their probabilities.
It is not so important that the multiple fires be precisely located, but it is
important that their presence be included in the analysis.

There are certain instances where multiple fires can contribute an uncertainty
to exposure prediction. The sketch on Figure 2.22 illustrates the situation where
the wind direction is along the line between two spill locations. For spill
locations that are sufficiently close together, the presence of each of these fires
will influence the other. The upwind fire would probably cause a reduction of
air penetration into the downwind fire, and temperatures in the downwind fire
would tend to be abnormally low. It is thought that the presence of the
downwind fire may cause mass flow in the upwind fire to be directed somewhat
more vertically (a slight shifting of temperature regions), but that the general
temperature values would not be appreciably affected. Since temperature data
from multiple fires is not available, data from the two single-spill fires is used. It
will be seen later that the downwind fire for these wind directions will rarely

expose the weapon, and the error in exposure probability is believed to be
insignificant.

For certain collision regions, it was found that the colliding and alert aircraft
remain coupled (or in close proximity) after the collision. Coupling tends to
occur when the fuselage of the colliding aircraft impacts at or near the
midsection of the alert aircraft. For the broadside collision into the B-52, for
example, coupling was judged to occur for collision regions 7, 8 and 9.
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Figure 2.21 Region 4 Broadside Collision into B-52
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Figure 2.22 Aligned Fires

For collisions that result in aircraft coupling, fuel tank damage points from both
aircraft will often be in close proximity. For instance, for the region 8 collision, a
fuel spill from the left wing of the colliding aircraft is judged to be near a spill
from the mid to aft fuselage section of the B-52 (F2, F3 or F4). In cases where two
fuel spills of given rates ar2 judged to be in close proximity, it is the pelicy in the
procedure to treat the spills as a single spill whose spill rate is the sum of the two
individual rates. Coupling was judged to occur for 28 percent of broadside
collisions into the B-52, and for the various collision angles into both the B-52
and B-1B, the percentage of coupled collisions ranged from about 20 to 35
percent.

Turning now to volumetric spill rates, estimates of the rate must be made for
ev :ry rupture that occurs. Rate estimates are unquestionably the most uncertain
input, but it will be shown in Subsection 3.5 that the probability of exposure to
various temperatures is particularly insensitive to errors in spill rate; it will be
seen, for example, that the reduction of all spill rate category inputs by one
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category (3 to 2 and 2 to 1) reduces the average probability of exceeding a given
temperature (averaged over the temperature range) by approximately 8.7
percent.

Some of the general trends in the rate estimates are given in Table 2-5, where
the rate category estimates are listed for collision impacts between various
aircraft components, e.g., the fuselage nose of the colliding aircraft impacting the
engine/engine mount region of the alert aircraft. The category estimates in
Table 2-5 are for the first impact of a given collision. Most collisions will involve
more than one impact between various aircraft components; for example, the
first impact of a collision may be the impact of the colliding aircraft wing with
the wing of the alert aircraft, and continued motion may subsequently result in
the impact of the colliding aircraft fuselage with the fuselage of the alert aircraft.
For some types of collision, there can be significant slowing of the colliding
aircraft before a second or third impact occurs, and consequently the rate
estimate for second or third impacts is occasionally smaller than listed in Table
2-5 for a given type of impact. Detailed examination of spill rate tables for all
coilisions considered (Appendix D) will show occasional departures from the
trends or values given in Table 2-5 even for first impact of aircraft components;
the reason for the departures is a consequence of some particular circumstance of
the impact, for example, on the angle of impact. The puryose of Table 2-5 is to
illustrate the general magnitude of spill rates that have been estimated, and to
show their dependence on type of impact and speed of impact. The difficulty of
assessing spill rates and the factors used in their assessment is illustrated in the
following paragraphs.

Consider first those collisions where *he colliding aircraft wing region that is
outboard of it's engine impacts the aler: .ircraft wing region outboard of it's
engines. One example of this type of collision is where the trailing edge of the
alert aircraft wing is impacted by the leading edge of the colliding wing. The
wing fuel tanks of the alert aircraft are well forward of the actual trailing edge of
the wing (forward of flaps, spoilers or ailerons), and it appears that the trailing
edge section provides some protection to the fuel tanks. For the B-1B, for
example, the trailing edge section is of composite and fiberglass construction,
but with steel "rod-like" pieces lying in the chord direction spaced at intervals
along the span. There is first of all some possibility that the steel rods will be
driven to puncture the wing tanks of the alert aircraft. It is assumed that this
type of puncture will occur for the medium and high speed impacts and will not
occur for low speed impacts. On the basis of the crossectional dimensions of the
rods, effective puncture sizes are estimated to be about 10 to 20 square inches.
For purprses ot relating spill rate to rupture dimensions, Table 2-6 lists
approximate volune spill rates through circular tank openings for a range of
opening diameters or areas and a range of heights from opening to upper fuel
surface; actual rates will depend somewhat on the shape of the opening, and the

37



TABLE 2-5 Estimates of Fuel Spill Rates for Impacts Between Various

Aircraft Components

TYPE OF COMPONENT IMPACT SPILL RATE RANGE CATEGORY*
IMPACT SPEED
FOR ALERT FOR COLLIDING
Wing outboard of engine AIRCRAFT WING AIRCRAFT WING
impacting wing outboard of HIGH 2,1 2,
engines MED 2,1 2,
LOW 1 1
FOR ALERT FOR COLLIDING
Impact between engine/ AIRCRAFT WING AIRCRAFT WING
engine mount region of either HIGH (B-52)* 2,3
alert or colliding aircraft with MED 2,3 » 2
wing outboard of engines of LOW 2 2,1
other aircraft 2,1
FOR ALERT FOR COLLIDING
Impact of engine/engine AIRCRAFT WING AIRCRAFT WING
mount region of colliding (B-52)*
aircraft impacting engine/ HIGH 2
engine mount region of alert MED 2
aircraft (B-52) LOW 2
FOR FUSELAGE TANKS OF ALERT
Fuselage "nose" of colliding AIRCRAFT
aircraft impacting fuel tank HIGH 3
region of fuselage of alert MED 3
aircraft LOW 2
FOR FUSELAGE TANKS OF ALERT
Fuselage "nose" of colliding AIRCRAFT
aircraft impacting "crew HIGH 2,1
compartment region" of alert MED 2,1
aircraft LOW 1
FOR ALERT AIRCRAFT WING (B-52)
Fuselage "nose" of colliding HIGH 3,2
aircraft impacting wing MED 2
outboard of engines of alert LOW 2
aircraft (B-52)
FOR ALERT AIRCRAFT WING (B-52)
Fuselage "nose" of colliding HIGH 3
aircraft impacting engine/ MED 3,2
engine mount region or alert LOW 2
aircraft (B-52)
FOR ALERT FOR COLLIDING
AIRCRAFT AIRCRAFT WING
Engine region of colliding FUSELAGE
aircraft impacting fuselage of HIGH 3 2
alert aircraft MED 2 2
LOW 2 1

* Spill rate range categories 1, 2 and 3 correspond to volume spill rates of less than 225

gpm, 225 to 450 gpm and greater than 450 gpm respectively.

** Different rates were sometimes evaluated for the same general type of collision.
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TABLE2-6  Spill Rates (in gpm) vs Rupture Size and Fuel
Pressure Head

HOLE HOLE FUEL PRESSURE HEAD IN FEET
DIAM AREA
inch sq in 1 2 3 4 5 6
12 113 1750 2470 3040 3495 3910 4280
8 50 775 1095 1345 1550 1735 1900
6 28 | 435 615 760 870 975 1070
5 20 310 435 535 620 690 755
4 13 195 275 335 390 435 475
3.5 10 155 220 270 310 345 380
3 7 110 155 190 215 245 265
2 3 48 68 84 96 108 118
1 8 12 17 21 24 27 30
0.5 2 3.0 4.3 5.3 6.1 6.8 7.4

listed rates apply when there is a path for gas flow to the tank ullage. (In many
cases, the rate of fuel vaporization due to heating from the fire is sufficient to
maintain normal ullage pressure.) Pressure heads will tend to decrease during
the course of the fire, and average values of 1 and 3 feet are assumed for wing
ruptures and fuselage tank ruptures, respectively.* From Table 2-6, the wing
rupture of 10 to 20 square inches corresponds to spill rates of about 155 to 310
gpm; in terms of spill rate category, these rates correspond to approximately the

middle of spill rate category 1 (less than 225 gpm) to near the middle of spill rate
category 2 (225 to 450 gpm).

The steel rods mentioned above may also puncture the wing tank of the
colliding aircraft. The puncture dimension range and corresponding spill rate
range is judged to be the same as those given above for the alert aircraft.

»

Wing tilting and dihedral can cause larger pressure heads than those based on wing
thickness.
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In addition to the steel rod penetration of the wing tank, structural elements
of the colliding aircraft wing, particularly the comparatively rigid structures
such as stiffeners, may penetrate the tank wall of the alert aircraft. Moreover,
during this penetration there will be a relative motion of the two wings that is
lateral to the initial motion of the colliding aircraft; forces acting on the colliding
aircraft during impact would cause it to rotate about a vertical axis and,
concurrently, the impacting wing of the colliding aircraft would tend to be
forced upward due to the swept-back angle of the leading edge of the colliding
aircraft wing and of the trailing edge of the alert aircraft wing. With this relative
motion, structures that have or have not penetrated the alert aircraft wing may
"cut" or "tear" the aft and upper surface of the alert aircraft wing. It appears that
various tank opening dimensions may occur. For the high and medium impact
speeds, it is judged that the openings may range from narrow but relatively long
"cuts" (e.g., 0.1 inch x 36 inch = 3.6 square inch) to wider but shorter openings
(e.g., 2 inch x 12 inch = 24 square inch). From Table 2-6, spill rates from these
openings range from about 50 to 370 gpm, corresponding once again to spill rate
categories 1 and 2.  For the low speed impact, openings are judged to be on the
low end of the size range above (and perhaps substantially smaller),
corresponding to the spill category 1. Wing damage to the colliding aircraft is
judged to be similar to those given above for the alert aircraft.

Another type of impact between aircraft components where spill rate
assessment is particularly difficult is the case of the fuselage nose of the colliding
aircraft impacting the fuel tank region of the fuselage of the alert aircraft (the
fourth type of impact listed in Table 2-5). The spill rate categories listed in Table
2-5 for this type of impact are 3 for the high and medium speed impact and 2 for
the low speed impact, the highest overall rates of any of the component impacts.

It is thought that the most likely mode of initial tank rupture for this collision
is the penetration of a comparatively "sharp" structural element (or elements)
into the tank. However, for purposes of discussion it is useful to compare the
tank response from two types of high-force, impulsive loading on the tank wall,
one where the force is concentrated at one or more discrete points (as with the
penetration of sharp structural elements mentioned above), and the second
relatively unlikely case where the force is "smoothly” distributed along the
surface of the tank wall. Alert aircraft tanks are nearly full, and for the smooth
distribution, the incompressibility cf the liquid would result in a pressure rise in
the liquid that would resist the buckling of the impacted wall. Sizeable tank
failures such as seam failures from the pressure wave in the liquid appear to be
likely in this case. Also, forces on the tank wall may act to dislodge the tank
from its attachment or mounting points, and tank failure may occur from this
structural failure. In contrast, penetration of the "thin" tank wall by sharp
structural elements requires a comparatively small force. With the structural
break-up of the colliding aircraft nose region during the early stages of collision,
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it is thought that there would likely be an abundance of structural elements
capable of tank penetration. Once openings have been initiated, there are paths
for liquid escape, and continued loading of the wall would act to expand the
openings. With the sizeable momentum of the colliding aircraft, it is thought
that certain medium and high speed collisions may result in openings at or in
excess of 200 square inches (e.g., 36 inch by 6 inch = 215 square inches). Rupture
areas of this size raises an issue with regard to temperature data. The highest
spill rate at which temperature data are available is for 600 gpm, a rate that
corresponds to an opening area of about 22 square inches. This is nearly an
order of magnitude less than the estimates mentioned above, and it is desirable
to have temperature data at spill rates substantially larger than 600 gpm.
However, openings of this magnitude first of all represent a small fraction of
fuel spills. Second, fire durations for these large spill rates tend to be
comparatively small (to an approximation, duration varies inversely with spill
rate). Consequently, it is thought that the absence of this data will not seriously
impact the probability of weapon exposure to various temperatures.

The above paragraphs illustrate the difficulty and judgmental nature of the
spill rate assessment. For several reasons, it is not expected that detailed studies
of accident reports would provide an adequate data base for spill rates; burn
damage, for example, will often destroy evidence from which spill rates may be
deduced. At this time, a single reasonably well established spill rate is available.
This data is from a Navy aircraft carrier collision of an EA-6B at landing speed
into a parked F-14 (Ref 11), and data recorded indicate a single spill from the
F-14 at an approximate rate of 415 gpm. A reasonably detailed structural
analysis or simulated testing between aircraft components would undoubtedly
improve the uncertainty of the spill rate input.

Regarding the engine start accident, it will be seen that fuel spill distribution
also represents the most uncertain input to weapon exposure evaluation for this
type of accident. It is noted first that this report addresses one special case of the
engine start accident, as explained below. In the event of an "engine fire" during
an engine start procedure, fuel flow to the engine can and would normally be
stopped by returning the throttle to the closed position or by other control
switches (Ref. 12). Assuming correct operation of the fuel control/valve system
and "normal" response of the operator, burning residual fuel should be confined
or essentially confined to the engine compartment. This type of limited fire is
not addressed in this report. In the comparatively unlikely event of fuel control
system failure or operational failure, fuel would eventually spill from the engine
compartment to the ground surface; estimates show that a small fraction of the
fuel supplied can be combusted in the engine compartment in the absence of air
flow through the engine for typical fuel supply rates. This case where a
continued fuel supply spills to the ground is the case evaluated for this report.
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Regarding spill locations for the engine start accident, first of all right-board
or left-board accidents have essentially (but not exactly) the same likelihood of
occurring, and an equal probability for the two sides has been assumed. The
main difficulty is in determining the axial position of the spill or spills from the
engine compartment. The path of liquid fuel flow is difficult to establish
primarily because of the difficulty of assessing where and when burn-through
(melting) of aluminum parts of the structure that affect the path will occur. For
purposes of baseline calculations, it has been assumed that spills will occur with
equal likelihood at either the exhaust or inlet of the engine (but not both
concurrently). The baseline fuel spill location distribution then comprises
non-concurrent spills of equal probability at any of the following four locations:
the left or right inboard engine exhaust or intake. Because of the sizeable
uncertainty of this distribution, the effect of substantially different distributions
is shown in the uncertainty portion, subsection 3.5.

In the discussion above, data used in predicting weapon exposure has been
briefly described, including data on flame temperatures, airport/aircraft
configurations, wind speeds and directions, and fuel spill locations and rates.
The discussion now turns to the procedure for evaluating weapon exposure.

A first step in the procedure is to establish the appropriate fuel spill
location/rate distribution. Suppose, for example, that the accident of interest is a
collision on landing at the alert pad end of the runway at Eaker AF Base, and
further that the direction of motion of the landing aircraft at collision is parallel
to the runway. Referring to the airport/aircraft arrangement sketch for Eaker
AF Base on Figure 2.23, a collision into an aircraft in the immediate row of alert
aircraft would be a rear-end collision, and the fuel spill distribution file for a
rear-end collision into a B-52 would be selected. A collision into the second, less
accessible row of alert aircraft can occur, and this second type of collision
(broadside in this case) could readily be included in the evaluation; collisions
into the second row have been excluded in the evaluation on the basis that the
likelihood of this collision is small compared to collision into the immediate row.

In the next stage of the procedure, the weapon exposure temperature is first
determined for a particular set of the following conditions: wind speed, wind
direction, time of day, fuel spill location and fuel spill rate. As illustrated in
Figure 2.24, the exposure temperature is determined in effect by appropriately
superimposing the flame temperature data onto the weapon. Thus, flame
temperature data is selected on the basis of wind speed and fuel spill rate, and
the data is located and oriented on the basis of the fuel spill location and wind
direction. The particular conditions illustrated on Figure 2.24 are for a spill at
the rear most location of the fuselage, the wind flow direction is 50 degrees
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Figure 2.23 Aircraft/Airport Arrangement at Eaker AF Base
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Figure 2.24 Example Flame "Footprint" for a Particular Set of Conditions
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counter clockwise of the pointing direction of the B-52, and the flame boundary
location with respect to the spill point correspond approximately with a spill rate
of 300 gpm and wind speed of 15 mph. It can be seen that the weapon volume is
located near the edge of the fire in a relatively cool region, and the temperature
over the weapon volume will vary from about 500°F where the weapon is near
the fire edge to perhaps 1000°F where the weapon is closer to the fire center. It is
the calculational policy in evaluating weapon exposure to use the highest
temperature that exists over the weapon volume, on the basis that the highest
temperature will first affect a weapon response.

Each set of conditions has a certain probability of occurring. In the earlier
discussion of the data files, there were probabilities associated with given wind
conditions and with given fuel spill locations and rates. Specifically, the relative
probability was established that an accident would occur at each wind speed/
wind direction/ time of day combination, which will be designated here as the
probability PW, and the relative probability was established (for each collision
type) that a fuel spill would occur at a given location and rate, which will be
designated here as PFS. Then the relative probability, P, that an accident will
occur with a given fuel spill location and rate at a given wind speed, wind
direction and time of day is P = PW * PFS. Thus, there is a probability associated
with the exposure temperature evaluated for the first set of conditions, and this
connected pair - the temperature value and the probability value - will be
retained as a connected pair for later use in evaluating the probability of weapon
exposure, as explained below.

The next step in the procedure is to repeat the temperature evaluation for the
next set of conditions, thus obtaining a second connected pair. This temperature
evaluation is repeated for all sets of conditions involved. There are 432 different
conditions for a weather/time file, (36 wind direction x 3 wind speeds x 4 times
of day = 432). The number of fuel spill location/rate combinations depends on
the type of collision. The maximum number of fuel spill combinations is 2998
for the rear-end collision into the B-1B, and the minimum is 829 for the collision
into the B-52 45 degrees from the front. The maximum number of sets of
conditions (and temperatures evaluated) for the collision accident is then 432 x
2998 = 1,295,136, and the minimum 358,128. (The maximum number for the
engine start accident is 432 x 4 = 1728).

Once the temperature/probability pairs have been established for all sets of
conditions, the overall probability of weapon exposure to given temperatures is
evaluated (for example, for the landing collisions at Eaker). This is
accomplished by first separating all the temperature/probability pairs into
temperature level categories, where these categories are: <475°F, 475 to 525°F,
525 to 575°F, 575 to 625°F, eeeeese, 2475 to 2525°F. Then for each temperature
level category, the connected probabilities associated with that temperature
category are added to establish the probability that the exposure temperature is
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within that temperature category. The probability that the weapon will be
exposed to a temperature from 975 to 1025°F for example is the sum of the
probabilities for each condition that resulted in an exposure between 975 and
1025°F. A graph of these sums plotted against temperature as illustrated on
Figure 2.25 represents the probability of weapon exposure to given temperatures

for a given accident case (for example, for the landing collision at Eaker
mentioned above).

The next step is to convert the probability of exposure to given temperatures
to the probability that the exposure will exceed given temperatures, the latter
probability usually being more useful in engineering applications. This is
accomplished by adding the probabilities as shown on Figure 2.25 from the
temperature of interest to the maximum temperature. The results of this
addition for all temperatures is plotted on Figure 2.26, and represents the
probability that weapon exposure will exceed a given temperature.

The discussion of procedure above was for a landing collision accident. To
determine the overall probability for collisions at a given air base, the possible
collisions into an alert aircraft by an aircraft taking off must also be included,
and the probabilities for landing collisions and take-off collisions must be
appropriately combined. For collision accidents, it was mentioned above that a
weighted mean probability for an air base is obtained by weighting the landing
collision probabilities and take-off collision probabilities in proportion to the
relative number of landing to take-off accidents that have historically resulted in
fuel fires. In subsection 3.4, examples of landing, take-off and weighted mean
probabilities for various bases are given. Also given in subsection 3.4 is an
overall weighted mean for all B-1B bases, where the base to base weighting is in
proportion to the relative number of landing/take-off operations at each base.
For the engine start accident, the probability of exceeding given temperatures
depends on the direction the alert aircraft is pointed. Since the aircraft at a given
base are usually pointed in more than one direction, it is necessary to conduct
the procedure of evaluating the probability for each pointing direction, and
appropriately weight the probabilities to determine the probability for a base.
The weighting in this case is in proportion to the relative number of aircraft
pointed in the various directions. In subsections 3.2 and 3.3, examples for
various bases of the probabilities for the various directions and the weighted

mean for that base are given. Weighted means over all B-1B bases and all B-52
bases are also given.
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In the description earlier of the development of the fuel spill location
distributions for the collision accidents, it was mentioned that there is most often
more than one concurrent fuel spill location and fire in each particular collision
situation. An illustration of triple concurrent fires is given on Figure 2.27,
showing fuel spills at the rear most fuselage location, at a right outboard wing
location of the alert aircraft, and at a left outboard location of the colliding
aircraft. It can be seen in the illustration that only the fire from the fuselage spill
has resulted in weapon exposure for the particular condition of wind direction.
The interest is only with the fire that is causing the exposure (or the most severe
exposure) of the weapon. For multiple concurrent fires, it is the calculational
policy to determine the maximum temperature of exposure (if any) from all
concurrent fires, and to retain only the temperature/probability pair from the
fire resulting in the highest temperature value for the evaluation of the
probability of exposure.

REGION > 500 deg F

l WEAPON

FUEL SPILL

Figure 2.27 Example Weapon Exposure for Triple Concurrent Fuel Spill
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3
PREDICTED TEMPERATURE OF FLAME EXPOSURE

3.1 INTRODUCTION

The purpose of Section 3 is (1), to present all results which indicate the
probability of weapon exposure to given temperatures, (2), to reveal the manner
and extent that the various controlling factors influence the results, and (3), to
provide information that reveals the credibility, limitations and uncertainties of
the results. Thus, Section 3 extends beyond a summary of results; a concise
summary is given in Section 4.

Regarding the organization of Section 3, the discussion starts with those cases
which are most easily explained and proceeds to cases which tend to involve an
increasing number of variables; the relative importance of a case, then, has no
bearing on its position within the discussion. The discussion starts with the
engine start accident, first for the B-52 and then for the B-1B. Considered next is
the collision of an aircraft landing or taking off into an alert aircraft, and finally a
discussion of uncertainty of results is given.

Results are primarily presented in terms of plots of the probability of
exceeding a given exposure temperature vs temperature. Section 3 also contains
a number of sketches, many of which serve to illustrate to scale the relative
locations of the fuel spill points, weapon (cargo), and regions of the flame at or
above a given temperature, that is, the flame "footprints". These sketches are
often used as a convenient means of illustrating how the controlling factors affect
the result. The flame footprints used in the sketches are "elliptical"
approximations to the actual footprints, and while the approximation is close
enough to correctly illustrate various points, it should be viewed as a convenient
means of illustration only. Footprints are shown for various heights for the 0 to
10 mph and the 10 to 20 mph wind speed ranges, and the discussion will refer to
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these ranges as the low and mediun: speeds, respectively. Wind speed
exceeding 20 raph (the high wind speed range) have little impact on overall
results due to their statistical rarity, and few sketches with high wind speed
footprizts are included.

The term "baseline” conditions appears periodically in Section 3, and
represents the set of conditions that is most common. For example, the baseline
weapon heights are 7 and 10 feet for the B-52 and B-1B, respectively, since these
heights are the approximate weapon heights under "normal" conditions or under
conditions that would be most often encountered. However, while the majority
of results presented is for the baseline conditions, results for other conditions are
also given. The etfect of weapun height is examined, for example. Also, results
are presented for the normal cr baseline parking orientations of the alert aircraft
(as li~ted for each airfield in Appendix B), but the effect of aircraft orientation on
flame exposure is shown as well.

Many results not included in Section 3 are given in Appendix F. Details of
the conditions, assumptions and procedures for the evaluation of probability vs
temperature are given in Section 2.



3.2 ENGINE START ACCIDENT RESULTS: B-52

An example result from an engine start accident is shown in Figure 3.1.
The example is for Minot AF Base with the weapon (cargo) at the B-52 baseline
height of 7 feet. Figure 3.1 gives the probability that the cargo exposure will
exceed a given temperature. The two curves labeled '330 deg' and '240 deg' on
Figure 3.1 are the individual results for the alert aircraft pointed in the 330 and
240 degree directions, as illustrated on Figure 3.2. The individual results are
combined to produce a "weighted mean", where the mean is generated by
statistically weighting the individual results in proportion to the number of
aircraft pointed in each direction.

05 T ENGINE START ACCIDENT
- MINOT; ALERT AIRCRAFT — B-52
-~ 240 deg CARGO AT 7 #1 HEIGHT IN BAY
\ 4 EACH AT 330 deg
04 + No-- - 4 EACH AT 240 deg
>
= 03 +
=
@
-4
]
o
& 02 +
a
0.1 -
0 4
300 1000 1500 2000

TEMPERATURE, deg F

Figure 3.1  Results of Engine Start Accident at Minot AF Base

The general magnitude and character of the mean curve on Figure 3.1 is
typical for B-52 engine start accidents at all bases, and various base to base
comparisons are given later. The difference in magnitude of the two individual
results for Minot AF Base is also reasonably typical. The largest overall
difference between results for the two angles occurs for Eaker AF Base, and these
results are given in Figure 3.3. The cause of the variation in magnitude for
different aircraft orientations is related to wind characteristics, and the nature of
this relationship is discussed in the next paragraphs.
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MINOT AF BASE, ND

Figure 3.2  Aircraft Orientation for Minot AF Base

Regarding this relationship, consider first the wind direction probability
curve for Eaker AF Base shown on Figure 3.4. From Figure 3.4, it can be seen
that winds ranging from about 150 to 210 degrees from the north are quite
predominant, with a predominance of lesser magnitude occurring over the
comparatively small range between zero and 30 degrees. Consider next the
sketch on Figure 3.5, which illustrates the locations of the cargo and the four fuel
spill points and four associated flame footprints when the alert aircraft is pointed
to zero degrees. On Figure 3.5a, the footprints are for a wind direction of 180
degrees, where 180 degrees is the median angle of the most predominant wind
range.* It can be seen that the cargo is not exposed to flame for any of the four
cases, nor clearly would there be exposure for wind angles throughout the
predominant range around 180 degrees (150 to 210 deg). Figure 3.5b shows the
footprints for the wind direction of 15 degrees, the median for the other
predominant range of zero to 30 degrees. For this wind direction, there is
exposure for a single spill location, although there would be exposure from a
second spill point near the 30 degree extremity of the predominant wind range.
Thus, for the zero degree aircraft orientation, it appears that wind directions of
highest probability tend to result in a 'small' likelihood of cargo exposure.

»

The flame footprints on Figure 3.5 are representative of the mid-speed wind range.
The point could have been equaily well illustrated with low wind speed footprints.

wn
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Figure 3.3  Results for Engine Start Accident at Eaker AF Base
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Figure 3.4  Frequency of Wind Direction for Eaker AF Base
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Figure 3.6 shows the analogous arrangement for the aircraft pointed at 270
degrees. From Figure 3.6a it can be seen that there is cargo exposure for two
spill locations for the wind direction 180 degrees; a more detailed examination
shows that there is exposure for one spill location over the entire predominant
wind range of 150 to 210 deg, and exposure over most of the range for a second
spill location. Similarly, for the 15 degree wind direction on Figure 3.6b there is
exposure for one spill location, and further examination shows exposure
throughout the wind range of 0 to 30 degrees for one spill location and
throughout about one-half the range from a second location.

These examples have demonstrated the reason that there is a greater
probability of flame exposure for the 270 degree parking angle than the zero
degree parking angle. It also becomes evident that there will be a general
dependence of probability on parking angle. This dependence has been
examined, and Figure 3.7 contains plots of the probability that the exposure will
exceed various temperatures vs aircraft angle for Eaker AF Base.

For Eaker AF Base, and for most bases, there are two parking angles that tend
to maximize the exposure or severity of exposure, and these will occur when the
aircraft fuselage axis is "nearly" perpendicular to a predominant wind direction;
that is, these will occur when the cargo is downwind of one or more spill points
for a predominant wind. Curves such as those on Figure 3.7 can then be
expected to vary somewhat from base to base in a manner that corresponds to
weather differences from base to base. An illustration of the base to base
variation is given on Figure 3.8, which shows the dependence of the probability
of exceeding 500°F (the probability of flame exposure) for four bases. It can be
seen that the maximum probabilities and angle of maximum probabilities do
vary with base. For Castle AF Base there is a single maximum, and the
magnitude of the variation with angle is clearly more extreme than for other
bases. The results for Castle were particularly included on Figure 3.8 because of
the unique wind characteristics at this base. At most bases, there are two
predominant wind direction ranges which tend to be separated by about 180
degrees (see Appendix B). The wind direction distribution at Castle AF Base, as

shown in Figure 3.9, is unique in that it comprises a single predominant range,
and it is unusually predominant.
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The cause of the comparatively high probability for parking angles in the
vicinity of 330 degrees for Castle AF Base is apparent from Figure 3.10a.* At the
parking angle of 330 degrees, there is cargo exposure for four spill points when
the wind is from the highly predominant direction of 330 degrees. It is also clear
that there would be exposure from two spill points for wind directions
throughout the predominant wind range of 320 to 350 degrees. The sketch on
Figure 3.10b also illustrates why the minimum probability for Castle AF Base on
Figure 3.8 is for parking angles in the vicinity of 150 degrees. It can be seen from
Figure 3.10b that exposure would not occur for any spill point for wind
directions throughout the predominant wind range 320 to 350 degrees.

Plots of the effect of aircraft pointing direction on the probability of
exceeding temperature levels of 1000 and 1500°F are given on Figure 3.11. It is
noted that the curves for Castle AF Base have two maximum and minimum
values, whereas there was a single maximum and minimum for the
corresponding curve for 500°F on Figure 3.8. Further, the minima on right side
of Figure 3.11 a & b are at parking angles in the vicinity of 330 degrees, while
there was a maximum at this parking angle on Figure 3.8. The sketch on 3.12
helps to illustrate how this minimum and maximum can occur at the same
parking angle for different temperature levels. It can be seen on Figure 3.12 that
the region above 1500°F is "too narrow” for cargo exposure at these angles,
whereas there is exposure above 500°F for all four spill points. Further
examination of various wind angles for the parking angle of 330 degrees has
shown that exposure to temperatures above 1500°F occurs only at wind angles
less than about 305 degrees (out of the predominant wind range) for the
left-board spill points, and occurs only at wind angles larger than about 355
degrees (also out of the predominant wind range) for right-board spill points. In
other words, there is a very small angular range within the predominant wind
range at which there is exposure to temperatures in excess of 1500°F for a
parking angle of 330 degrees. There is exposure over a greater fraction of the
predominant wind range for temperature exposure exceeding 1000°F.

*

Wind speeds at Castle AF Base are unusually small compared to other locations; the
ratio of probabilities of speeds in the 0 to 10 mph range to the 10 to 20 mph range is 10 for Castle

AF Base. Consequently, the ellipses used in Figure 3.10 are representative for low wind speed
range.
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The weighted mean probability vs temperature curve was introduced
earlier in this section, where the mean represented the statistical weighting of the
individual probabilities for each actual parking angle. Returning to these mean
values, Figure 3.13 shows the probability of exceeding a given temperature for
all eight B-52 bases considered. In view of the variation of parking angles and

weather among bases, the range of probability results among bases appears
remarkably small.
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Figure 3.14 shows the overall mean probability vs temperature averaged over
the eight B-52 bases. This mean was obtained by weighting in proportion to the
number of aircraft parked at each direction at each base. Figure 3.14 also shows
the lowest and highest mean probability obtained for any base, thus, the curves
on Figure 3.14 represent for the normal or baseline parking angles the mean
probability over all B-52 bases and the range in probability for all B-52 bases.

It is noted that probability values above 2000°F on Figure 3.13 and 3.14 are
consistently negligible, and the reason for the absence of significant values above
2000°F deserves some discussion. Regarding the reasons, first the temperature
does not reach 2000°F at the 7 foot height for the mid- and high-wind speeds for
the low spill rates used in the engine start accidents. Second, while there is a
significant region above 2000°F for the low wind speed, the cargo is too distant
from the forward spill points to intersect the 2000°F region, and the downwind
edge of the 2000°F region 'barely intersects a corner’ of the cargo for the rear spill
points. Thus, in the calculation, values at or greater than 2000°F are rarely

encountered. However, it would be misleading here to imply
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Figure 3.14 Mean Results Over Eight B-52 Bases for Engine Start Accidents
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that probabilities of some significance for temperatures at or above 2000°F
cannot occur. The region above 2000°F just misses the cargo under some
conditions, and in view of the uncertainty of location and size of a given
temperature region (see Appendix A) and the location of the spill points,
credible probabilities may exist for temperatures at or above 2000°F. In addition,
cargo location is often in the forward section of the bay and at one or the other
sides of the bay, whereas for the chosen "baseline" location, the cargo center is
located midway in the bay along the fuselage axis. In order to illustrate the
magnitude of the effect of these distance variations, calculations were conducted
for (1), all spill points located 2 feet closer to the fuselage, and (2), cargo located
in the forward part of the bay (7 feet forward of the "baseline” location). The
results of these calculations can be compared to the "baseline" results for
Fairchild AF Base on Figure 3.15.

It can be seen that the spill point adjustment resulted in a significant
probability at 2000°F (6.4 percent), although the probability remained negligible
at 2050°F. For the cargo adjustment, the probability remained negligible even at
2000°F. For both adjustments, the probability level between 500 and 2000°F has
been elevated.

0.6 + ENGINE START ACCIDENT
) ALERT AIRCRAFT --- B-52
FAIRCHILD AF BASE

> 0.4 -

=

=

o

<

@

o}

E 0.2 + ——O—— BASELINE RESULT
———O—— ADJUSTED SPILL POINTS
—{O—— ADJUSTED CARGO

LOCATION
500 1000 1500 2000

TEMPERATURE, deg F

Figure 3.15 Effect of Adjusted Spill/Cargo Location
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The results thus far presented have been limited to the baseline cargo
height for the B-52 of 7 feet. Other cargo locations can occur due, for example, to
flame induced failure of the cargo mounting structure, landing gear failure, etc.
Probability vs temperature plots for the heights of 1, 4, 7 and 10 feet are given on
Figure 3.16 for various bases. There are a number of general trends which the
plo- on Figure 3.16 serve to illustrate. First of all, the probability of exceeding
500°F tends to increase with decreasing height. This particular tread is
illustrated on Figure 3.17 for several bases. The reason for this trend is to a large
extent related to the fact that the upwind edge of the footprint is increasingly
upwind with decreasing height. The effect of this on exposure is illustrated in
Figure 3.18. Figure 3.18a and 3.18b each show two footprints for the medium
wind speed due to spills from the left rear spill point, and the heights for Figure
3.18a and 3.18b are for 7 and 1 foot, respectively. The two footprints in each case
are for wind directions such that the footprint edge just intersects the edge of the
cargo. Thus, cargo exposure will occur for any wind direction within the
angular range labeled "a". ~ can be seen that the range o is substantially larger
for the 1 foot than for the 7 root height; this proves to be a trend with height, and
the trend also applies to other wind speeds.
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Consider next on Figure 3.16 the probabilities at temperatures above 500°F.
It can be seen that the probability for the 1 foot height becomes and remains less
than the probability for other heights for temperatures greater than about 700 to
900°F. The reason for this reversal is illustrated on Figure 3.19. For the cargo
located downwind of the left forward spill point, Figure 3.19a and 3.19b show
shows the approximate location for the medium wind speed of the region above
1500°F for the 7 and 1 foot heights, respectively. For the 1 foot height, it can be
seen that the region above 1500°F does not extend far enough downwind to
intersect the cargo, whereas there is significant exposure above 1500°F at the 7
foot height. Further examination shows that the result is the same for the low
wind speed for either the forward or rear spill point, although there is some
exposure above 1500°F for the medium wind speed for the rear spill point.
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Figure 3.19 1500°F Footprints at 7 and 1 Foot Heights

Consider next on Figure 3.16 the temperature region at or above 2000°F. It
can be seen that a significant probability is reached at the 10 foot height for
temperatures above 2000°F, whereas for lower heights the probability is
negligible at or above 2000°F. Temperature regions above 2000°F occur for the
low wind speed (and only for the low wind speed) at heights of 4, 7 and 10 feet.
For the 4 foot height, the region does not reach far enough downwind to
intersect the cargo for any of the spill locations, and for 7 foot the region "barely
intersects a corner of the cargo” for the two rear (nearest) spill points. For the 10
foot height, the region extends well into the cargo for the rear spill points. This
exposure at the 10 foot height results in a negligible probability at 2100°F, but
the probabilities at 2050°F are significant (the mean probability at 2050°F
averaged over 5 bases, for example, is .064).
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3.3 ENGINE START ACCIDENT RESULTS: B-1B

The presentation in subsection 3.3 for the B-1B is similar in organization to
that in subsection 3.2 for the B-52, with certain differences noted below. A
primary difference for the B-1B is that weapons can be contained in either the
middle bay or the aft bay, or both.* A weapon in the middle bay only or the aft
bay only simply adds an additional variable to consider, but weapons
concurrently in both bays complicates the analysis somewhat in that it becomes
appropriate to evaluate the probability that the exposure to one oOr the other
weapon exceeds a given temperature. The case of a weapon only at 10 foot
height in the middle bay is treated as the baseline case, but the presentation of
results is extensive for the cases of aft bay only and both bays.

Example results for weapons in the middle bay are given in Figure 3.20,
which shows (as in the previous subsection) the probability for McConnell AF
Base and Ellsworth AF Base vs temperature for each of the two parking angles
and the weighted mean probability. The general character of these results is

similar to those given for the B-52, and those differences that do exist are
periodically noted below.

The largest overall difference in probability at the two parking angles is for
McConnell AF Base, as shown on Figure 3.20. An example of the dependence of
probability on parking angle is given for Ellsworth AF Base on Figure 3.21. It

can be seen that the dependence on parking angle is similar to that shown above
for the B-52.

* It has been indicated that weapons arc rarely, if ever, contained in the forward bay,

and no results pertaining to the forward bay have been included.
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Figure 3.21 Probability vs Aircraft Orientation at Ellsworth AF Base

The weighted mean for each of the four B-1B bases for cargo in the middle
bay is given on Figure 3.22a, and Figure 3.22b shows the mean weighted over all
bases along with the highest and lowest mean obtained for any base. The
corresponding curves for the aft bay are given in Figure 3.23a and 3.23b. Finally,
so that the results for the middle and aft bays may be compared, Figure 3.24
shows the mean over all bases for cargo in the middle or aft bay.

Referring to Figure 3.24, it can be seen that the results for the middle and aft
bay are quite similar, with the most significant difference occurring over the
temperature range of 1950 to 2150°F. The cause of the difference in result over
the high temperature range is illustrated on the sketches of Figure 3.25.
Figure 3.25a shows the approximate locations of the regions above 2000 and
2150°F (for low wind speed) when the micdle bay cargo is downwind of the left
rear spill point. It can be seen that neither high temperature region extends far
enough downwind to expose the middle bay cargo. Figure 3.25b shows these
temperature region locations when the aft cargo is downwind of the left forward
spill point, and in this case there is significant exposure of the aft cargo to both
temperature regions. Additional examination has shown that while the middle
bay cargo barely intersects the region above 2000°F for the forward spill points,
there is no case of extensive exposure to the middle bay cargo such as that
shown on Figure 3.25b for the aft cargo. Thus, the comparatively high
probability for the 1950 to 2150°F range for the aft bay on Figure 3.24 is a
happenstance of the distance between cargo and spill points.
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Regarding the case where weapons are simultaneously contained in the
middle and aft bay, Figure 3.26 shows the mean probability vs temperature for
each of the four B-1B bases; for purposes of comparison, Figure 3.26 also
includes the mean probabilities for weapons contained in the middle bay only
and the aft bay only.

It can be seen on Figure 3.26 that, except for the very high temperatures, the
probability for weapons concurrently in both bays is somewhat higher than the
higher of the probabilities for the middle bay only or aft bay only. It is
instructive to examine the magnitude of the probability for the double weapon
case compared to the single weapon cases. In this regard, consider first the
sketches on Figure 3.27. Figure 3.27a shows two footprints which correspond to
regions which exceed 1500°F for the low wind speed at 10 foot height due to
spillage at the left rear spill point. The two footprints are for wind directions
such that the footprint edge just intersects the edge of the weapon in the middle
bay, and middle bay weapon exposure exceeding 1500°F will thus occur for any
wind direction within the angular range labeled "o". Figure 3.27b shows the
analogous angular range of exposure for the aft bay weapon, "a,". On figure
3.27c¢, the various angles of Figure 3.27a and b are superimposed. Figure 3.27
shows the angular range labeled "B" over which the two exposure ranges a,, and
a, overlap, that is, for the double weapon case, there is concurrent exposure
exceeding 1500°F of both weapons. For conditions where this overlap occurs,
the double weapon case is, in effect, evaluated by determining the highest
exposure temperature of each weapon for each set of conditions (wind direction,
spill location, parking angle, etc.) and using only the higher of these two
temperatures in the analysis to determine probability vs temperature.
Probabilities for the double weapon case, then, will not exceed the sum of the
probabilities of the two single weapon cases, and the double weapon probability
will always exceed either single weapon probability. Since the size of a region
that exceeds a given temperature decreases with increasing temperature, the
overlap angle (B) will tend to decrease with increasing temperature, and there
can be temperatures above which there is no overlap. At temperatures above
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this point, the double weapon probability becomes the sum of the single weapon
probabilities. The graph on Figure 3.28 shows the dependence on temperature of
the ratio of double weapon probability to the sum of the single weapon
probabilities. It can be seen that this ratio increases with temperature,

approaching 1.0 at about 2000°F.
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Figure 3.28 Ratio of Probability for Double Weapon to Sum of Probabilities
for Single Weapon
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For purposes of base to base comparison, the double weapon probability
vs temperature curves for all four B-1B bases are given in Figure 3.29.
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Figure 3.29 Double Weapon Results for Engine Start Accidents at All
B-1B Bases

Regarding the effect of cargo height, probability vs temperature curves for
the middle bay position for the heights oi 1, 4, 7 and 10 feet are given on Figure

3.30 for the four B-1B bases. The corresponding curves for the aft bay are given
on Figure 3.31 for two bases.

Several features of these curves deserve some discussion. The B-1B
results differ in many respects from those for the B-52, and it is revealing to
discuss the B-1B result features in terms of comparisons to those for the B-52.

The primary cause of these differences is the difference in distance between fuel
spill points and cargo.
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Consider first the exposure probability of S00°F at the 1 foot height. For
the B-1B, these values are in the range 0.7 to 0.8 for the middle bay and above 0.9
for the aft bay; for the B-52, the probability range is about 0.5 to 0.6 (ref. Figures
3.16 and 3.17). The footprints of regions at or above 500°F for the low wind
speed given on Figure 3.32 illustrate why these three probability ranges differ. It
can be seen on Figure 3.32a for the B-1B that both the middle and aft weapons
are exposed even when the weapons are upwind of the forward spill point (both
weapons are exposed for any wind direction for the low wind speed). From
Figure 3.32b, it can be seen that spills of the rear spill points result in exposure of
the aft weapon for any wind direction, but exposure of the middle bay weapon
would occur only over a limited range of wind directions (the actual range is
approximately 135°). Thus, the probability of exposures of 500°F or above are
somewhat smaller for the middle bay weapon than the aft weapon. On the basis
of low wind speed alone, the probability of aft weapon exposure would be 1.0; it
is the character of the medium wind speed footprints (and to a much lesser
extent the high wind speed footprints) that prevents this.

Regarding the B-52, it can be seen from Figure 3.32c that the weapon is
not exposed when the wind is directed away from the weapon for spills at either
the forward or rear spill point. (The actual angular range of exposure is
approximately 230 and 130 degrees for the rear and forward spill point,
respectively.) Thus, the probability for the B-52 is significantly less than for the
B-1B at either weapon location.

Regarding the probability vs temperature curves at temperatures above
500°F, it can be seen on Figures 3.30 and 3.31 that the curve for the 1 foot height
is above the curves for other heights throughout a large fraction of the entire
temperature range, but that the 1 foot curve decreases abruptly with
temperature, falling to negligible values at about 1800°F. This behavior is
qualitatively similar to that for the B-52, although the 1 foot curves fall below the
other curves at about 1750°F compared to about 800°F for the B-52 (ref. Figure
3.16).
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Plots of the probability of exceeding 500°F vs height are given on Figure
3.33a for the middle bay position and Figure 3.33b for the aft bay position. The
dependence of probability on height is more significant for the aft position than
the middle position, and for both positions the dependence is more significant
than for the B-52 (ref. Figure 3.17).

Plots of the probability vs temperature at the 1 foot height for weapons
concurrently at the middle and aft bay positions are given on Figure 3.34 for two
bases; for purposes of comparison, curves for weapons at the middle bay
position only and the aft bay position only are included. For both bases, the
double weapon probability is 1.0 over the temperature range 500 tc 600°F, that
is, the probability is 1.0 that the exposure of at least one of the weapons will
exceed 600°F.
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3.4 AIRCRAFT COLLISION RESULTS: B-52/B-1B

Results presented in subsection 3.4 are for the exposure of weapons in an
alert aircraft due to a collision into the alert aircraft of an aircraft that is landing
or taking off. As described in detail in Section 2, the results depend on the
direction of motion of the colliding aircraft with respect to the alert aircraft, that
is, whether the collision is a broadside, rear-end, head-on, or from some
intermediate angle. The evaluation of a given case then requires input of the
parking direction of the alert aircraft and the motion direction of the colliding
aircraft at collision. It is believed that a direction of motion of the colliding
aircraft which is parallel or "nearly" parallel to the runway would be by far the
most likely case, and this direction of motion is considered the "baseline" case.
The earlier results given in this section are for baseline conditions, and results
for other motion directions are given later in the section.

Another aspect of the baseline conditions relates to restrictions imposed on
wind direction range for landing or take-off collisions; these restrictions and the
reasons for them are as follows. Figure 3.35 provides an illustration of the four
take-off and landing configurations that can occur, Figure 3.35a and 3.35b
showing take-off from the alert pad end of the runway and the end opposite the
alert pad, respectively, and Figure 3.35c and 3.35d showing landing on the alert
pad end and on the end opposite the alert pad, respectively. Take-offs from the
alert pad end, as in Figure 3.35a, will not result in take-off collision into an alert
aircraft. Collision can occur for take-offs from the opposite end, but assuming
that take-offs are into the wind, take-off collisions would only occur for wind
flows having a component opposing the aircraft taking off. This 180 degree
wind direction range, ranging + 90 degrees from the runway direction is
illustrated on Figure 3.35b. Regarding landing, collision can occur for landing
on the alert pad end, but only for the 180 degree wind direction range shown in
Figure 3.35¢c. Collision potential is not as clear cut for the case of landing on the
end opposite the alert pad (Figure 3.35d). However, it is thought that the
probability of collision into an alert aircraft is comparatively slight, and for
baseline purposes, collisions for this configuration are excluded. Note that the
take-off part of a "touch and go" would be considered a take-off. Thus, the
configurations represented by Figures 3.35b and 3.35¢ only are included in
baseline probability evaluation. (Note that wind restrictions do not arise in
engine start accidents.)

The assumption that take-off and landing is into the wind has an impact on
the probability of temperature exposure. While a collision can result in fuel
spills at any fuel tank location of the alert aircraft (and of the colliding aircraft),
there is a tendency to have more damage and thus more spills on the impact side
(or end) of the alert aircraft. With take-offs and landings into the wind, there is
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then a preponderance of spills on the downwind side (or end), a situation which
minimizes the chance of cargo flame exposure.

The collision of a moving aircraft into an alert aircraft is quite different
from the engine start accident in that (1), fuel spills can occur at any point over a
comparatively extensive region, and (2), the range of fuel spill rates is
comparatively large. To provide a perspective of the collision case, the sketches
on Figure 3.36 illustrate to scale flame footprints. under various wind conditions
from various spill locations at various rates.

Figure 3.36a shows flame footprints for the low, medium and high wind
speeds at the 10 foot height for a medium rate spill (225 to 450 gpm) at the most
remote wing location of the B-1B; the wind vector in this case bisects the line
between the middle and aft weapon bays. It can be seen that exposure at both
bays occurs for the high wind speed (the "longest” footprint) and medium speed.
For the low wind speed (by far the most probable wind), the footprint does not
reach either bay, and the spill point would have to be about mid-wing for
exposure at low wind speed to occur. For wind directions favorable to exposure,
low speed footprints for the rearmost fuselage spill point would reach the aft
bay but not the middle bay. Similarly, for the forwardmost fuselage spill point,
the middle but not the aft bay can be exposed for low speed winds.

Figure 3.36b shows a comparable arrangement for the B-52, where in
this case the footprints and footprint locations correspond to the 7 foot height.
With the longer wing of the B-52, bay exposure occurs only for the relatively
infrequent high wind speed. Exposure can occur at medium speed for all but
the most outboard wing spill points, and the low speed footprint would barely
reach the bay for a mid-wing spill. For winds favorable to exposure, exposure
can occur for any fuselage spill location for any wind speed.

The footprint with the largest crosssectional area (which does not have
the greatest length) is illustrated on Figure 3.36¢c. This footprint is for the 1 foot
height from a 600 gpm spill at medium wind speed. It can be seen that there is

exposure for the second wing spill point from the fuselage even when the cargo
is upwind of the spill point.
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The collision of two aircraft can, of course, result in more than one fuel
spill location. Indeed, on the basis of the fuel spill location distributions
developed for collisions at various angles, by far the most common number of
spills for all collision distributions is three. Fairly often, a triple spill case is
comprised, as illustrated on Figure 3.37a, of a wing location and fuselage
location on the alert aircraft, and a wing location on the colliding aircraft. In
evaluating probabilities of temperature exposure for multiple spills, the
temperature chosen as the exposure temperature for a given set of conditions is
the highest temperature the cargo experiences from any of the flames that exist.
Moreover, since it is often only possible to determine the location of a given spill
to within a location range, the analysis is conducted for more than one location
for that given spill. Thus, for a triple spill, for example, there are several
possible locations for each of the three spills, and the analysis includes the
evaluation of exposure temperature for all combinations of where the three spills
can be located; there is then an appropriate statistical weighting for these
combinations.

Even though the triple spill is common, there is a sizeable number of
conditions (wind directions, wind speedc, etc) for which the cargo is not
exposed to flame. Figure 3.37b is an illustration of such conditions, and it is easy
to visualize that a sensible fraction of conditions will not result in cargo
exposure.
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Example results for the B-52 alert aircraft are given on Figure 3.38. Each
graph on Figure 3.38 includes three probability vs temperature curves, one for
the case where the colliding aircraft is on landing, a second where the colliding
aircraft is on take-off, and the third representing the weighted mean probability
for collisions on landing and take-off, where the mean is statistically weighted
according to the relative number of landing and take-off "crashes" which result
in fuel fires. Based on references 5 and 10, a baseline value of 3.0 is used for the
ratio of landing to take-off accidents involving fires; the effect of a variation in
this ratio is given in subsection 3.5.

The results for Barksdale and Eaker AF Base on Figure 3.38a and 3.38b are
typical for the B-52, with regard to both the general magnitude of the
probabilities with temperature and the difference between the probabilities for
landing and take-off. The magnitude of the take-off probability for Castle AF
Base on Figure 3.38c, however, is unusually low. The cause of this low
probability relates primarily to the unusual wind characteristics at Castle AF
Base. As shown in subsection 3.2, winds at Castle AF Base are characterized as
having a single highly predominant angular range from about 320 to 350
degrees. As illustrated in Figure 3.39, take-offs starting from the end of the
runway opposite the alert pad (take-offs that can result in collision) occur only
for wind directions with an air flow velocity component which opposes the
motion of the aircraft taking off, that is, for winds over the 180 degree direction
range from 50 to 230 degrees. The predominant wind range is then outside of
the 50 to 230 degree range, and the probability for winds in the 50 to 230 degree
range is unusually small. Take-offs that result in collisions with an alert aircraft
thus represent an unusually small fraction of the total number of take-offs (from
both ends of the runway), and the probability vs temperature values for take-offs
at Castle AF Base are consequently comparatively small.

A summary of the mean probability vs temperature for all B-52 bases is given
on Figure 3.40. The overall mean probability averaged over all bases has not
been evaluated; the overall mean depends on the relative number of operations

(landings and take-offs) from base to base, and traffic data was not available for
all B-52 bases.
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For the B-1B with weapons in the middle bay, plots of the probability
for landing, take-off and the weighted mean are given for all four bases on
Figure 3.41. A summary of the weighted mean probability for each of the bases
is given on Figure 3.42.

It can be seen from Figure 3.41 that the probability for take-off at
Ellsworth AF Base (Figure 3.41b) is comparatively low, and that the probability
for both landing and take-off is comparatively low for McConnell AF Base
(Figure 3.41d). Rather than weather, the primary cause of these low values is
related to collision angle and the relative location of cargo and fuel spills.
Regarding the cause, it is noted first that the collision angle into the alert aircraft
in these cases (and no other) is "direct rear". Consider next the wing and
fuselage fuel spill locations for the B-1B on Figure 3.43a. The wing spill points
are all aft of, and therefore downwind of, cargo in the middle bay. In addition,
for a direct rear collision, the engine and wing structures provide considerable
"protection” to the forward fuselage tanks, particularly those that are near and
forward of the middle bay. In this regard, fuel spill data along the fuselage has
been extracted from the fuel spill probability distribution that was developed for
a direct rear collision into a B-1B. This extracted data is plotted on Figure 3.44 in
terms of probability of a fuselage fuel spill vs distance from the center of cargo in
the middle bay. It can be seen that the probability for fuel spills forward or
upwind of the cargo is comparatively small.

For the B-52, it may be recalled from Figure 3.38 that direct rear
collisions did not result in unusually low probabilities with temperature. In this
regard, it can be seen from Figure 3.43b that, in contrast to the B-1B, there are
wing spill points forward or upwind of the cargo. In addition, there is less
"protection” of fuselage tanks near or forward of the cargo compared to the B-1B.
A data extraction from the fuel spill probability distribution developed for a
direct rear collision into the B-52 shows on Figure 3.44 that the probability of

fuselage spills forward or near the cargo is significantly higher for the B-52 than
for the B-1B.
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For the case of cargo in the aft bay of the B-1B, the likelihood of spills
forward or upwind of the cargo is substantially higher than for the middle bay.
Wing spills are now forward of the cargo, and the "protection” of fuselage tanks
near or forward of the bay is reduced. The landing, take-off and mean
probability with temperature for aft bay cargo at McConnell AF Base is given in
Figure 3.45. It can be seen that the probability of exposure for direct rear
collisions is significantly higher at the aft bay than the middle bay (ref. Figure
3.41d).

The mean probabilities for the aft bay for each of the B-1B bases,
weighted by the relative trequency of landing and take-off crashes, is given on
Figure 3.46.
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Data on the number of landing or take-off operations for all four B-1B bases
is available in reference 13. Consequently, the mean B-1B base probability can
be evaluated, where the probability for each base is weighted in proportion to
the number of landing/take-off operations (per unit time) at each base. Based
on reference 13, the ratio of the number of operations at each base to the total
number of operations at B-1B bases is:

DYESS 0.27
ELLSWORTH 0.21
GRAND FORKS  0.15
McCONNELL 0.37
TOTAL 1.00

The mean B-1B base probability vs temperature, based on these weighting
factors, is given on Figure 3.47 for the middle and aft bays for the 10 foot height.
For these mean probabilities, the values for the middle bay are significantly
lower than for the aft bay. The comparatively low probability for the middle
bay is due largely to the low probability and high fraction of total operations at
McConnell AF Base.
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Figure 3.47 Mean B-1B Collision Results

105



Results presented thus far have been for the condition that the direction of
motion of the colliding aircraft at collision is parallel or nearly parallel to the
runway, whereas collisions for other directions of motion can occur. "Off-angle"
collision results provide a great deal of insight into the nature of aircraft collision
flame exposure, and a number of results are presented and discussed below.

The sketch for Eaker AF Base on Figure 3.48 helps to illustrate the general
circumstance of off-angle collisions. For Eaker AF Base, the normal landing
direction is the same as the pointing direction of the alert aircraft, so that a
baseline landing collision is a direct rear collision, and this would occur only for
wind flow directions in the range 90 to 270 degrees, as illustrated in Figure
3.48a. If the direction of motion of the landing aircraft at impact has become 45
degrees clockwise of the normal landing direction, the collision into the alert
aircraft will be on the left of the alert aircraft from the direction 45 degrees from
the rear of the alert aircraft, and the fuel spill probability distribution for a 45
degree from rear on left collision will be used to evaluate the temperature
probabilities; however, the wind range involved in evaluating this landing
collision remains 90 to 270 degrees, since otherwise this landing attempt on the
alert pad end of the runway would not have occurred.

Similarly, for collisions on take-off at Eaker AF Base, the collision would be
broadside right for motion directions parallel to the runway, as illustrated in
Figure 3.48b, and the wind flow direction range would be limited to 270
(through 0) to 90 degrees. For a direction of motion that has become 45 degrees
clockwise from the normal take-off direction, the collision will be on the right of
the alert aircraft from the direction 45 degrees from the rear of the alert aircraft,

and the fuel spill probability for a 45 degree right rear collision will be used for
temperature probability evaluation.
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Figure 3.48  Off-Angle Collision Configuration for Eaker AT Base
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Example results for various motion angles at collision are given on
Figure 3.49 for a landing collision at McConnell AF Base. It can be seen that the
probabilities are significantly dependent on motion angle, and that probability
appears to increase with motion angle from zero, where zero angle in the case of
a landing collision at McConnell represents a direct rear collision. It is more
revealing to present these results in terms of the probabilities vs motion angle for
various temperature levels. Such plots are given for landing and take-off

0.6 -+ McCONNELL AF BASE .
6T DIRECTIC:: OF MOTION
e OF COLLIDING AIRCRAFT
N RELATIVE TO NORMAL
s LANDING DIRECTION, deg
5 .
N
E 04 T+ Qi'-':;--
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g
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Q02+ .
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500 750 1000 1250 1500 1750 2000 2250

TEMPERATURE, deg F

Figure 3.49 Probability vs Temperature for Off-Angle Collisions at
McConnell AF Base

collisions at McConnell on Figures 3.50a and 3.50b, respectively, and for landing
collisions at Dyess and Ellsworth on Figures 3.50c and 3.50d, respectively. On
each of these graphs, the motion angle corresponding to a direct rear collision is
indicated by an "arrow". It can be seen on each graph that the probability is
minimum for the angle corresponding to a direct rear collision, and that the
probability increases with angle from the direct rear collision angle. Thus, the
probabilities appear to be chiefly dependent on the type of collision (e.g., direct
rear, broadside, etc.), and it is particularly revealing then to plot the probability
vs type of collision. For three B-1B bases, plots of this type are given for a
probability of exceeding 500°F for landing and take-off on Figures 3.51a and
3.51b, respectively, and for a probability of exceeding 1000°F for landing and
take-off on Figures 3.51c and 3.51d, respectively.
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PROBABILITY OF EXCEEDING VARIOUS TEMPERATURES
VS. COLLISION ANGLE OF LANDING AIRCRAFT
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Figure 3.50 a & b  Probability vs Collision Angle for Various B-1B Bases
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PROBABILITY OF EXCEEDING VARIOUS TEMPERATURES
VS. COLLISION ANGLE OF LANDING AIRCRAFT
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In the format of Figure 3.51, the data trend mentioned above is quite
apparent. These results indicate that as the collision progresses from a rear end
collision to a front collision, there is an increasing opportunity for fuel spills that
are favorable to cargo exposure, or more specifically, that there is an increasing
occurrence of fuel spills that tend either to be upwind of the cargo or are near
enough to the cargo for cargo exposure to occur.

Close inspection of Figure 3.51 reveals that the probability values for
landings tend to be larger than for take-offs. This would follow from the
tendency mentioned above that there are fewer take-offs from the end of the
runway that can result in collisions than there are landings on the end of the
runway that can result in collisions.

Base to base differences in probability can only be due to differences in
(1), weather and (2), parking angles of the alert aircraft. The relative
contribution of these two has not been determined.

An example of the effect of cargo location (aft vs middle bay) on the
probability vs collision type is given on Figure 3.52. The example is for landing
collisions at McConnell AF Base. On the basis that there are simply many more
spill point locations "upwind" of the cargo for the aft bay, it would be expected
that the aft bay probabilities would be larger than for the middle bay for any of
the collision types shown. While that is seen to be true on Figure 3.52, there is a
comparatively large aft to middle bay difference for direct rear collisions. This is
consistent with the idea mentioned above of greater "protection" provided to fuel
tanks near and forward of the B-1B middle bay cargo for direct rear collisions.

For collisions into an alert B-52, plots of probability vs type of collision
for three bases are given for landing and take-off collisions on Figures 3.53a and
3.53b, respectively. It can be seen that the trend of increasing probability with
increasing collision angle from a direct rear collision also applies to the B-52,
although the dependence is clearly less pronounced for the B-52. From a
comparison of Figures 3.53a and 3.52a, a great deal of similarity can be seen
between the probability curves for the B-52 and for the aft bay of the B-1B.

Referring again to Figure 3.53 only, the results for Castle AF Base have
been included because of the unusual weather conditions. When the wind so
highly favors landings on and take-offs from the alert pad end of the runway, it
will cause the probabilities to be abnormally high for landing collisions and low
for take-off collisions. This result can be seen to occur from Figure 3.53,
although the shape of the probability curve for Castle AF Base is similar to those
for other bases.
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Figure 3.52 Probability vs Type of Collision for Middle and Aft Bays
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Regarding the effect of cargo height on the probability vs temperature,
examples for collisions into the B-1B are given on Figure 3.54; the examples are
for cargo in the middle bay at Dyess AF Base on Figure 3.54a, and for cargo in
the middle bay and aft bay at Ellsworth AF Base on Figures 3.54b and 3.54c,
respectively. Similarly, cargo height effects for three B-52 bases are given in
Figure 3.55.

On the basis of Figures 3.54 and 3.55, the general character of the
probability curves appears to be reasonably independent of the type of alert
aircraft and, in the case of the B-1B, of which bay is involved. In all cases the
probability at the one foot height is larger than for other heights throughout
most of the temperature range, but then drops sharply, starting at about 1500°F,
to zero at about 1800 to 1850°F. The probability for the 4, 7 and 10 foot heights
persists to temperatures above 2000°F, with the probability reaching zero for the
4 foot height at about 2150°F and for the 7 and 10 foot heights at about 2200°F.

Plots of the probability of exceeding S00°F vs cargo height are given on
Figure 3.56 for the B-1B with cargo in the middle or aft bay and for the B-52. The
effect of height on the probability of flame exposure is not particularly
pronounced nor particularly different for any of the three conditions shown.
The probability magnitude for cargo in the middle bay at McConnell AF Base is
comparatively low (as would be expected from results presented earlier), and
this large difference does not occur for the aft bay at McConnell (also expected
from previous results).
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Figure 3.54 Effect of Cargo Height for B-1B Collision Accidents
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Figure 3.55 Effect of Cargo Height for B-52 Collision Accidents
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3.5 UNCERTAINTY ANALYSIS

The purpose of this subsection is to indicate sources of error and their effect
on the predicted probabilities of exceeding given temperatures. Uncertainties
for the collision accident are considered first, followed by those for the engine
start accident. It is noted that the uncertainty values presented in this report are

intended to represent one standard deviation of error (+ 1 o).

There are several sources of error with regard to flame temperature. First of
all, the temperature values used are based on a series of fire tests, and the
reproducibility of the test results is thereby an issue. Two of the tests were
conducted under "nearly" the same conditions of wind speed and fuel spill rate
(designated Test 4 and Test 9 in Appendix A), and these results serve as a
measure of reproducibility. The effect of test to test differences in temperature
field has been evaluated by using the data from each of the two tests separately
to produce the probability of exceeding given temperatures. Example
differences in probability for the two tests are shown on Figure 3.57 for aircraft
collisions at Dyess and Ellsworth AF Bases. It can be seen from Figure 3.57 that
the impact of the test data change on the overall result is not highly significant.
It is noted, however, that the probability calculation uses data from five tests,
four of which did not contain any data variation. Including data variation from
all five tests, and assuming the variations for all tests are equivalent, there would
be an increase in the impact over that shown in Figure 3.57 by approximately
\J5=224* '

It is noted that the effect of test reproducibility appears to be absent on Figure
3.57 for temperatures above about 1750°F. This is due to the general lack of
temperatures above 1750°F for Tests 4 and 9 (at heights of interest). The plots on
Figure 3.57 are misleading in that test to test differences would extend to
temperatures above 1750°F; if replicate test data would have been available for
the 5 mph wind, where the higher temperatures at the height of interest occur,
the effect of test reproducibility would have been seen at the higher
temperatures. To offset this deficiency, the average difference in probability
between 500 and 1500°F was evaluated and will be used as a measure of this
uncertainty for temperatures from 500 to 2250°F. The average probability
difference is approximately 0.0056, and the estimated uncertainty in probability

is APrep = 0.0056 *~/5 = 0.013.

* A given error in data for the low wind speed would tend to have a larger impact on

the overall result than for the medium speed, since the low wind speed is a more probable
speed. However, test to test variation tends to be significantly smaller for the low wind speed
tests, more or less balancing the effect of higher probability of low wind speed.
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Another source of temperature error relates to extrapolation of temperatures
over the low temperature regions of the fire. For the fire test series used in the
analysis, temperature measurements were made over 50 x 47.5 foot horizontal
areas which were centered as near to the highest flame temperature region as
possible. Temperatures outside of the measurement area were evaluated by
extrapolation of measured temperatures to the edge of the flame, where the edge
location was estimated from film coverage and knowledge of the location of the
periphery of the liquid fuel layer. The flame edge and extrapolated
temperatures can be subject to significant error, and calculations to reveal the
related uncertainty in probability have been conducted. For these calculations,
the extrapolated temperature values were modified to reflect errors that were
probable; for example, temperature values in the extrapolated portion of the
baseline temperature data file for Test 8, the TAX8 file, were changed to create a
modified file called TAZ8. These modified temperature distributions were then

used to evaluate the uncertainty in the probability of exposure to given
temperatures.

It is mentioned that for low wind speed, the measurement area nearly
covered the entire flame region, and little extrapolation is required. As the wind
speed increases, a decreasing fraction of the flame is within the measurement
area. Thus, the temperature field uncertainty increases with wind speed, but
this tends to be negated by the pronounced decrease in the probability of
experiencing a given speed with increasing wind speed.

Figure 3.58 shows the effect of extrapolation for a modification of the
temperature field for the medium wind speed at 300 gpm spill rate. Clearly this
modification has had little impact; the small impact is at least in part due to the
small likelihood of the medium wind speed occurring, and in part because this
temperature distribution represents only one fuel spill category (225 to 450
gpm). In any case, extrapolation appears to have a small impact on probability
at the "lower" temperatures, and has no effect at the "higher" temperatures.

Example differences in the probability of exceeding a given temperature for
modifications of the low wind speed temperature field are given on Figure 3.59.
It can be seen on Figure 3.59 that the modified temperature field resulted in a
small increase in probability at and near 500°F; this was a necessary result
because in effect the modification increased the size of the fire. There are also
small increases in the 1000 to 1250°F region, where there was initially an abrupt
drop. There can, of course, be no changes at the "higher" temperatures since
temperature extrapclation was required only for the lower temperatures.

123



DYESS; ALERT AIRCRAFT - - - B-1B

CARGO 10 ft HEIGHT MIDDLE BAY

DIRECTION ALERT AIRCRAFT POINTED:
TAKE-OFF & LANDING COLLISION; 120 deg

COLLISION ANGLE INTO ALERT AIRCRAFT:
TAKE-OFF; 45 deg FROM FRONT ON RIGHT

LANDING; 45 deg FROM REAR ON LEFT

0.6

(=]
F-3
i
T

----- MODIFIED (#TA29)

NORMAL

PROBABILITY
o o
» w

e
-k
L
T

4

500 1000 1500 2000
TEMPERATURE, deg F

Figure 3.58 Effect of Temperature Field Extrapolation for Medium Wind
Speed Data

The difference between the probability of exceeding given temperatures for
the modified and standard temperature fields was evaluated for several
accidents for the low wind speed case. From an averaging of these results, the
probability difference exhibits a general decrease with increasing temperature,
becoming zero at approximately 1650°F. A curve fit (linear) of this difference in
probability with temperature, used as a measure of the uncertainty caused by

temperature field extrapolation, is given by APyt = -0.0000783 (T - 500) + 0.09,
where T is the temperature in deg F.
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Errors in evaluating the probability of exposure to given temperatures can
occur when the measurement duration of the temperature data used in the
evaluation is much shorter than the duration of interest.* Since the evaluation in
this report uses data based on measurement durations of about two minutes, and
some of the durations of interest are much longer than two minutes, there is a
potential for this type of error. For this circumstance, the predicted probabilities
of exposure based on two-minute measurements will be larger than would tend
to occur for longer durations for temperatures above a particular temperature,
and the predicted probabilities will be smaller than would tend to occur for
longer durations for temperatures below this particular temperature. An
estimate of this error has been obtained.

The procedure of evaluating this error estimate comprises a two step
analysis. In the first step, the statistics of flame temperatures from long duration
fire tests (1/2 hour) were examined (by Lawrence Livermore Lab personnel**).
Specifically, the scatter about the mean temperature (i.e, time-average
temperature over the test duration of time-average temperatures averaged over
two minutes, and also averaged over ten minutes, was analyzed. It was
determined from this analysis that the standard deviation of the scatter about the
mean was 106°F for the two-minute averages and 38°F for the ten-minute
averages. In the second step, a mathematical relationship between flame
temperature and location in the fire was first developed; this relationship, while
fictitious, was representative of the temperature fields obtained from the six fuel
spill tests. This temperature field was then applied to an evaluation of the
probability that weapon exposure would exceed given temperatures for a
particular type of accident (for example, for an aircraft crash at Eaker AF Base).
Next, several temperature fields were developed whose temperatures at given
fire locations scattered about the above fictitious temperature field by
magnitudes that are associated with a standard deviation of 106°F (assuming a
normal distribution). Each of these "scattering" temperature fields was then also
applied to the evaluation of the probability that exposure would exceed given
temperatures for the same accidents as for the fictitious field. Likewise, several
fields were developed whose temperature scattered about the fictitious field by
magnitudes associated with a standard deviation of 38°F, and these fields were
also applied to an evaluation of the probability of exceeding given temperatures.
A summary comparison of results from this analysis can be seen on Figure 3.60.

It can be expected that the curve for the 106°F standard deviation case will
tend to be higher in probability than for the 38°F s.d. curve and the fictitious
curve, and the 38°F s.d. curve would be higher than the fictitious curve, for
temperatures larger than some particular value, and that these curves would

*  The origin of this error is explained in detail in Ref. 1.

** Reference 14, memo by John Creighton dated 12/30/91.
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reverse their order for temperatures below the particular value. These trends do
occur, although due to the statistical nature of the analysis, the rule is violated at
a few temperature values (had a large enough number of curves been
developed, the point violations would not be expected). Also due to the
statistical nature of the analysis, it is difficult to identify a precise temperature
where the probabilities crossover from above to below the curve based on the
fictitious temperature field, but it appears to be in the 700 to 800°F region.

The major goal of the above analysis was to determine if predicted
probabilities based on two-minute duration data would be significantly in error
for longer durations (e.g., 10 minutes). On the basis of the small curve to curve
departure seen on Figure 3.60, duration of measurement is simply not a
significant error factor for the circumstances involved in this report and the issue
beyond the above analysis is ignored. (It is noted that there are special situations
where duration is a significant issue.)

There is an additional temperature related error that should be discussed.
Consider, by way of example, that appropriate fire test data is not available for
fuel spill rates less than 150 gpm. Experimental data (ref 1) and analytical
treatments (ref 15) show that the highest temperature region of a fire decreases
in height with decreasing fire size (fire diameter or fuel spill rate). It can happen
then that a 75 gpm spill could result in a maximum exposure temperature for
some specific instance, whereas the analysis for lack of data would indicate
temperatures below maximum. There would also be instances where the
predicted temperature would be higher than the actual. On the basis of
experience with this analysis and the nature of fires, it is my judgement that the
absence of temperature data does not have a serious impact on the overall
results, but there may be cases of significant error in a given temperature region.
However, it is also my judgement that this type of fire will not lead to exposure
temperatures that are higher than the maximum indicated in this report (about
2200°F), and that probabilities in the 2000°F and above range based on a more
extensive set of temperature data may be lower than, but not significantly higher
than, those given in this report.

There is some dependence of weapon exposure on the direction that the alert
aircraft is pointed for a fixed angle of collision (broadside, rear-end, etc). An
illustration of this dependence is given on Figure 3.61, which shows the
probability of exceeding given temperatures for various pointing directions for
landing accidents. For some collisions, alert aircraft direction will change during
the collision process, that is, there will be some rotation of the aircraft about a
vertical axis. In the calculations of the probability of exceeding given
temperatures, the initial directions of the parked aircraft are input, and there is
no accounting for the effect of rotation for those collisions that involve rotation.
Since it is not included, the uncertainty of excluding rotation should be
examined, and this examination is considered next.
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Calculations of the effect of rotation on the probability of exceeding given
temperatures have been made for landing and take-off collisions at several
bases, and standard deviations of the variation in probability for 20 and 40
degree rotations have been evaluated. These deviation results are given in
Table 3-1 for various temperature ranges. The fractions of accidents that fall into
various collision categories of lateral position and impact speed for all collision
angles into the B-1B and B-52 were next examined. It was concluded with
reasonable confidence that parked aircraft would not rotate for over one-third of
collisions, and while highly judgmental, it was estimated that the rotations
would be 20 degrees or less for an additional one-third. On this basis, the
deviations for 20 degree rotations (Table 3-1) have been chosen as a measure of
uncertainty due to rotation. An illustration of the magnitude of this uncertainty
is given in Figure 3.62.

TABLE 3-1 Standard Deviation of Probability From Aircraft Rotation
During Collision

Standard Deviation of Probability
20° rotation 40° rotation
500 - 1000 _ .0210 .0336
Temp 1000 - 1500 0226 0418
Range,
°F 1500 - 2000 0195 .0296
2000 - 2250 0121 0141

The most uncertain input (but an essential input) in the evaluation of
probability vs temperature for collision accidents is the probability distribution
of fuel spill locations. It was anticipated that the results would be "reasonably”
insensitive to spill distribution error, and significant effort was devoted to the
development of spill distributions for various types of collision (described in
Section 2 and Appendix D). The explanation of uncertainty due to fuel spill
distribution uncertainties is considered next.
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In this regard, consider a broadside collision into the B-1B. For this collision,
there tends to be comparatively more wing spill points on the impact side of the
aircraft, and the impact side also tends to be the downwind side. The initial spill
distribution developed for the broadside collision reflects this tendency. There is
a greater probability for spills on the "downwind" wing of the alert aircraft, as
illustrated in Figure 3.63a. It is possible that there are more spills on the upwind
wing than was incorporated in the initial distribution as illustrated in
Figure 3.63b, and spills on the upwind wing would tend to have a maximum
impact on the likelihood of cargo exposure. (We have not envisioned an error
that could cause a greater impact.) In order to evaluate the effect of upwind
wing spills, two modified versions of the standard broadside fuel spill
distributions were developed. For one version, upwind spills were added at the
outboard wing fuel spill location, which is 65.5 feet from the fuselage axis (this
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distribution set is referred to as the XCZ5 distribution). For the other version,
upwind spills were added to a mid-wing fuel spill location, which is 30.2 feet
from the fuselage axis (this distribution set is referred to as the XCW5
distribution). For the standard broadside spill distribution, there are 446
different fire "arrangements," each differing in spill locations and/or rates. For
each of the new distributions, fuel was spilled from the new upwind wing
location for 160 of the 446 arrangements. The spills at the new locations
included all three spill rate categories. There are probabilities of occurrence of
each arrangement, and for the new distributions the relative probability that a
given arrangement would include a spill at the new upwind location was just
over 0.21. On the basis of the above description, it can be seen that the quantity
of added upwind spills is significant. Because of this, and because the added
spills are strategically located to have a maximum impact on weapon exposure, a
sizeable effect on the probability of exceeding given temperatures would be
expected.

The effect of the new XCZ5 distribution and XCW5 distribution can be seen
on Figures 3.64 and 3.65 for collisions at Ellsworth and Grand Forks.
Comparison of the probability results from the XCZ5 and XCWS5 distributions
with those from the standard broadside collision distributions can be made on
Figures 3.64 and 3.65, respectively. in the overall sense, it can be seen that the
effect of the upwind spills is significant. On Figure 3.64, it can be seen that there
is no difference in probability for temperatures above about 1800°F. The reason
that there is no high temperature effect for the XCZ5 distribution is that the spill
location is remote enough from the fuselage (65.5 feet) that the high temperature
regions of the low wind fires do not extend to the weapon bay. For the XCW5
distribution, it can be seen from Figure 3.65 that the probability differences
extend to the maximum temperatures since, in this case, the spill to fuselage
distance of 30.2 feet results in exposure to the high temperatures of low wind
speed fires under various wind direction conditions. It is thought that spills
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from both upwind wing locations are possible. It is thought that tank damage
near the wing tip can occur, for example, for high impact speed collisions which
cause a rotation of the alert aircraft, where the wing tip region can interact with
the ground or ground objects. It is thought that mid-wing tank damage can
occur during high impact speed collision through penetration of tankage by
structures associated with the wheel/wheel strut mechanism. It is noted that the
distributions for the standard (baseline) broadside collision include spills at
these upwind wing locations, and that for the XCZ5 and XCWS5 distributions the
number and probability of spills from these locations was simply expanded
significantly.

Regarding estimates of uncertainty, the addition of this abundant number of
upwind spills at these strategic locations is viewed as an “extreme case."
However, the development of the fuel spill distributions was highly judgmental,
and we have thereby chosen to use the effect of the XCZ5 and XCWS5
distributions (combined) as an estimate of uncertainty. The corresponding
standard deviations are given in Table 3-2, and the deviations are illustrated in
Figure 3.66. In using these deviation numbers, it is assumed that the deviation
for take-off collisions is equivalent to those for landing collisions.

TABLE 3-2 Estimated Uncertainty Due to Fuel Spill
Distribution Input

Temperature Standard Deviation
Range, °F of Probability
500 - 1000 0.068
1000 - 1500 0.074
1500 - 2000 0.039

2000 - 2250 0.016

Fuel spill distributions are also uncertain in the fuel spill rates selected.
While rate selection is a particularly uncertain input, it was anticipated that the
probability would be particularly insensitive to rate. Calculations were made
which illustrate the insensitivity of fuel spill rate, and example results are shown
on Figure 3.67. For the dashed-line probability curve shown on Figure 3.67, the
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fuel spill rate category in the entire fuel distribution rate file was reduced by one
number (all category 3 to category 2, all category 2 to category 1). It can be seen
that this significant change in rate has caused a small reduction in the
probability with temperature. (A corresponding increase in rate causes a
corresponding increase in probability.) We have chosen to ignore rate error
effects on the basis of these calculations.

It is mentioned in Section 2 that certain types of collision appear to resuit in
fuel spill rates that are substantially larger than the maximum rate of 600 gpm
for which temperature data are unavailable. It is thought that these
comparatively high rates are statistically infrequent, and would not significantly
alter the general results that have been given. (It is noted, also, that these high
spill rates result in comparatively small fire durations). If results for larger spill
rates (and larger fires) could be included, two effects on the results would be
anticipated. First, the probabilities over the "medium" temperature range may
increase somewhat, simply on the geometric basis that the fires are larger in
diameter and exposure is correspondingly more likely to occur. Second, it is
anticipated that the probabilities over the "high" temperature range would
decrease. This decrease is anticipated because the "highest temperature region"
in fires tends to increase its height with increasing fire diameter, and would rise
above the weapon region for fires somewhat larger than the 600 gpm fire.

A discussion in Section 2 indicated that the probability of exposure to given
temperatures depends to some extent on the ratio of the number of landing vs
take-off accidents that result in fires. For commercial transports, the ratio was
identified as 3.0. From the available military accident data, the ratio of landing
to take-off accidents ranged from about 2 to 4 depending on the type of aircratft,
but the data did not distinguish between accidents that did or did not result in
fires. There is some uncertainty, then, with regard to the fire related ratio for
military application, and the effect of this uncertainty is considered next.

Figure 3.68 shows the probability of exceeding given temperatures for
various values of the ratio for Barksdale and Ellsworth AF Bases. The almost
negligible effect of the ratio shown on Figure 3.6¢a for Barksdale is typical. The
effect shown on Figure 3.68b for Ellsworth AF Base is one of the two extreme
cases in which the dependence on the ratio was far more substantial than that for
other bases. On the basis of these results, the effect of the uncertainty in this
ratio will be ignored.

The uncertainties that have been examined are independent in the sense that
the value of one does not systematically depend on the value of another. The

overall uncertainty for collision accidents, AP, may then be determined by
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combining the individual uncertainties from the various sources, AP;, using the

= 2 )%
rule APcoLL = (IZ(AP,-) ) . A summary of the individual and total

uncertainties for collision accidents is given on Table 3-3. An illustration of the
magnitude of the total uncertainty is given on Figure 3.69. (Extension of the
uncertainty to a negative value at 2125°F on Figure 3.69 is a consequence of the
method of uncertainty evaluation, and of course has no meaning.)

TABLE 3-3 Summary of Uncertainties for Collision Accident

TEMPERATURE RANGE,°F

500 - 1000 1000 - 1500 1500 - 2000 2000 - 2250

TEMPERATURE FIELD
REPRODUCIBILITY 0.013 0.013 0.013 0.013
TEMPERATURE FIELD e -
UNCERTAINTY EXTRAPOLATION 0.070 0.031
SOURCE FUEL SPILL
DISTRIBUTION 0.068 0.074 0.039 0.016
ALERT AIRCRAFT
ROTATION DURING 0.021 0.023 0.019 0.012
COLLISION
TOTAL UNCERTAINTY 0.100 0.084 0.045 0.024

The discussion now turns to the uncertainties for the engine start accidents,
which are considerably different in nature than for the collision accident.
Uncertainties caused by extrapolating the flame temperature field beyond the
measurement region depend greatly on the geometric relationship between the
four spill points and the weapon volume. In many cases, for all wind directions
that result in weapon exposure, weapon location is entirely within that part of
the temperature field that was measured; in these cases, then, there is no
uncertainty due to extrapolation of the temperature field. Calculations to obtain
the probability of exposure to given temperatures for engine start accidents use
test data from tests 3, 7 and 8 only. For Test 8 for the B-52, and for Test 7 for
both the B-1B and the B-52, there is no weapon exposure to the extrapolated part
of the temperature field for any wind direction. For Test 8 for the B-1B, there is
exposure to the extrapolated temperature field only in the 500 to 750°F range for
some wind directions. For this case, the difference in the probability of
exceeding given temperatures for the baseline and modified temperature files
(TAX8 and TAZS8) is given in Figure 3.70 for all B-1B bases. These values are
significant in the 500-700°F range, but the difference is zero for temperatures of
750°F and above. Examination of the geometry of exposure for Test 3 shows that
there is weapon exposure in the extrapolated region for some wind directions
only in the 500-750°F temperature range for the B-1B, and only in the 500-800°F
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range for the B-52, similar in extent to B-1B for Test 8 above. The probability of
wind speeds in excess of 20 mph (corresponding to Test 3) is 0.035 (averaged
over all twelve bases), compared to 0.67 for wind speeds in the
0-10 mph range (corresponding to Test 8). It is anticipated then that the
probability differences for Test 3 would be approximately 5% (0.035/0.67) of
those shown for Test 8 on Figure 3.70, and we have chosen to ignore the
perturbation caused by Test 3.

Regarding fire test reproducibility, as mentioned above, calculations to
obtain the probability of exposure to given temperatures for engine start
accidents use test data from tests 3, 7 and 8 only. The replicate tests, tests 4 and
9, cannot then be directly applied to evaluate the uncertainty as was done with
the collision accidents. The assumption that the effect for engine start accidents
is comparable to that for collision accidents is reasonable provided the
assumption is limited to average effects over fairly broad temperature ranges,
e.g., 1000 to 1500°F, etc.; it is anticipated that if data from a replicate for Test 7
was available and applied, the uncertainty effect may vary with temperature to a
greater extent than for the collision accident. We have chosen to use the
uncertainty evaluated for the collision accidents as the measure of uncertainty
for engine start accidents, with the limitation mentioned above. The uncertainty
in probability for all temperature ranges is then 0.0056 x \3 = 0.01, where the
value "3" (rather than 5) enters in the engine start case since the data from three
tests are used.

The origin and difficulties of the fuel spill distributions for the engine start
accidents were discussed in Section 2. For the baseline distributions, it was
assumed that there would not be multiple concurrent spills and that fuel spills
were equally likely at one of the following four locations: the left or right
inboard engine exhaust or intake; this is the basis of all results given in
subsections 3.2 and 3.3. The only alternate distribution that appears sensible is
the distribution where it is equally likely to have spills at the right inboard
exhaust and intake concurrently, or at the left inboard exhaust and intake
concurrently. The alternate is probably less likely, and since there are always
two fires with the alternate and thus a greater chance of exposure, the
probability resulting from the alternate will always be substantially higher than
those from the baseline distribution. Example results showing the probability vs
temperature for the baseline and alternate distributions are given on Figure 3.71.
It can be seen that the probability difference from the two types of distribution is
significant, particularly for the B-1B at McConnell. The probability difference
patterns for the B-1B and the B-52 on Figures 3.71a and b, respectively, are very
typical. The difference is much larger for the B-1B than the B-52 over most of the
temperature range, and for the B-52, the difference tends to be largest in the 1500
to 1800°F range. These characteristics depend on the geometric relationship

between spill points and weapon volume, not on the differences in airbase or
weather.
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It is difficult in the engine start case to establish a sound basis for estimating
the uncertainty due to fuel spill uncertainties. We have chosen the difference in
probability resulting from the two types of distribution as a “reasonable”
measure of the uncertainty. Standard deviations based on the results from nine
of the twelve bases are given in Table 3-4.

TABLE 3-4 Standard Deviations of Probability for Engine Start Accidents

TEMPERATURE RANGE, °F
500 - 1000 1000 -1500 1500 - 2000 2000 - 2100
B-1B 0.149 0.130 0.076 0.019
B-52 0.051 0.063 0.083 0

A summary of the uncertainties and the total uncertainty for the engine start
accidents is given in Table 3-5. The total uncertainty for engine start accidents is
illustrated in Figure 3.72. (Extension of the uncertainty to a negative value at

2050°F on Figure 3.72 is a consequence of the method of uncertainty evaluation,
and of course has no meaning.)

A brief summary of the results given in Section 3 is given in Section 4.

TABLE 3-5 Summary of Engine Start Accident Uncertainties
Temperature Range,°F
500 - 1000 1000 - 1500 1500 - 2000 2000 - 2100
Temperature
Extrapolation .047* - .- ---
Fire Test
B-1B Reproducibility 010 010 .010 010
Fuel Spill 149 130 076 .019
Distribution
TOTAL 157 130 077 021
Fire Test
Reproducibility 010 010 010 010
B-52
Fuel Spill
Distribution .051 063 .083 0
TOTAL 052 064 084 010

*

The average for the four bases over the temperature range 500 to 700°F is treated as
the uncertainty for the range 500 to 1000°F.
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4
SUMMARY OF RESULTS

The intent of Section 4 is to provide a summary of the predicted probabilities
that weapon exposure will exceed given temperatures. Estimated uncertainties
of these predictions are also given; uncertainty values presented in this report
are intended to represent one standard deviation of error (+ 1 o).

It is noted that the terms "weapon" and "cargo" are synonymous.

Figure 4.1 shows the weighted mean probability of exceeding given
temperatures for the collision of aircraft into the B-1B, where the weighting is in
proportion to the relative number of operations (landing/take-off) at each of the
four bases (27% for Dyess, 21% for Ellsworth, 15% for Grand Forks, and 37% for
McConnell); the weighted mean probabilities on Figure 4.1 for collision into the
B-1B (as well as for other types of accident) are given in tabular form in Table 4-3
at the end of Section 4. Figure 4.1 also indicates the estimated uncertainty of the
predicted probabilities for the collision accident. The probability curve given on
Figure 4.1 is for the common or "baseline” condition where the weapon is located
at the ten foot height in the middle weapon bay, and where the motion of the
colliding aircraft is parallel or nearly parallel with the runway; the results for
other conditions are illustrated below.

Numerical values of the estimated uncertainty shown in Figure 4.1 are given
in Table 4-1. Those are "total" uncertainties, resulting from the combined effect
of several sources of uncertainty; these sources include uncertainties in: flame
temperature data, the rotation of the parked/alert aircraft during collision, the
relative number of collisions that occur during landing or take-off, and fuel spill
locations and fuel spill rates that occur under various conditions of collision.
The uncertainty of fuel spill location is the major contributor to the total
uncertainty (see Subsection 3.5).

TABLE 4-1 Uncertainty in the Probability of Exceeding Given
Temperatures for Collision Accidents

TEMPERATURE RANGE, °F
500-1000 1000 -1500 1500 -2000 2000 - 2250
UNCERTAINTY IN

PROBABILITY 0.100 0.084 0.045 0.024

The mean probability of exceeding given temperatures for weapons in the aft
bay of the B-1B is given in Figure 4.2, where the weighting is the same as
described above; tabular values of the weighted mean are given in Table 4-3.
The mean probability for the middle bay (as given in Figure 4.1) is included in
Figure 4.2 for convenience of comparison.
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The probabilities of exceeding given temperatures for aircraft collisions into
the B-52 are given in Figure 4.3 for the baseline weapon height of 7 feet. In this
case, the probability curves are given for individual bases; mean probabilities
weighted over all bases (as given in Figure 4.1 for the B-1B) are not given for the
B-52 because data on the base to base variation in the number of
landing/take-off operations was not available. The estimated uncertainties in
Table 4.1 apply to collisions into the B-52.

The results given in Figure 4.1, 4.2 and 4.3 are for the baseline weapon
heights of 10 feet for the B-1B and 7 feet for the B-52. Different weapon heights
can occur due, for example, to wheel strut collapse and to fire induced
weakening of the weapon support structure. The probability of exceeding given
temperatures has some dependence on weapon height because there is some
variation in flame temperature patterns and levels with height and because the
location of the flame area with respect to the spill point will vary with height.

Typical examples of exceeding given temperatures are given in Figure 4.4 for
both the B-1B and B-52.

The results in this section have been for the condition that the aircraft that
collides on landing or take-off into the alert (parked) aircraft is moving parallel
or nearly parallel to the runway, that is, the aircraft landing or taking off did not
significantly alter its flight direction prior to collision. Collisions can of course
occur where the motion is not parallel to the runway, and these collisions,
designated here as "off-angle" collisions have been examined. Example results
are given on Figure 4.5, which shows the probability of exceeding various
temperatures for a range of motion directions both clockwise and counter
clockwise about the normal landing direction. It can be seen that there is a
sizeable effect on the probabilities, and that there is no consistent increasing or
decreasing pattern in the probability for given changes in motion direction from
the normal landing direction, that is, counter clockwise changes from the normal
landing direction, for example, may lead to an increase or decrease in
probability. Further examination of the effect has shown that consistent patterns
do emerge when the probabilities are plotted against the direction of the moving
aircraft with respect to the pointing direction of the alert aircraft, that is, against
whether the accident is a broadside collision, rear-end collision, etc.
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Example results in these terms are given on Figure 4.6, which shows the
probability of exceeding 500°F for a range of "collision angles" into both the B-1B
and B-52. It can be seen on Figure 4.6 that the probability increases as the
collision angle changes from the rear end collision. These plots suggest, and
detailed analysis confirms, that collision angle is a major governing factor of the
probability of exposure.
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Collision Angle for Various Bases
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The plot on Figure 4.7 illustrates the difference in probability when the
weapon is in the aft vs middle bay. For the middle bay, there appears to be a
comparatively abrupt drop for the rear end collision, and this has been found to
be consistent for all B-1B bases. Weapons in the middle bay are first of all
located forward of most of the fuel tanks. Second, fuel spill location
distributions that were developed for this project show abnormally few spills
that are near or forward of the middle bay for the rear end collision, reflecting
that some protection is provided to the forward fuselage tanks by the
engine/engine mount structure,
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Figure 4.7 Example Probability of Exposure vs Collision Angle
for Weapons in Middle or Aft Bay
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Shifting the discussion now to the engine start accident, the weighted mean
probability of exceeding given exposure temperatures is given on Figures 4.8
and 4.9 for the B-1B and B-52, respectively, and tabulated values of these
weighted mean curves are given in Table 4-3 at the end of Section 4. Weighting
for the engine start accident is in proportion to the number of alert aircraft
parked in the various directions at the various bases. These plots are for the
selected baseline weapon heights of 10 and 7 feet for the B-1B and B-52,
respectively, and regarding the B-1B, for weapons contained in the middle bay.
The plots also provide an indication of the predictive uncertainty. For engine
start accidents, the uncertainties given for the B-1B and B-52 are different;
numerical values of the uncertainty for various temperature ranges are given in
Table 4-2. As with the collision accident, the predominant contribution to the
total uncertainty for engine start accidents is from the uncertainty in the fuel spill
distribution.

TABLE 4-2 Engine Start Accident Uncertainties
TEMPERATURE RANGE, °F
500 -1000 | 1000 -1500 | 1500 - 2000 | 2000 - 2100
B-1B .157 .130 077 .021
B-52 .052 .064 .084 .010.

Example probability curves for weapons in the aft bay or the middle bay of
the B-1B are given on Figure 4.10. Figure 4.10 also shows the probability of
exceeding given temperatures when weapons are concurrently in the middle

and aft bays. The results given on Figure 4.10 are typical of those obtained for
other bases.

The effect of height on the probability of exceeding given temperatures is
illustrated on Figure 4.11 for the B-1B (middle or aft bay) and B-52. The height
effects on Figure 4.11 are typical of results obtained for other bases.
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TABLE 4-3. Weighted Mean Probability Over All Air Bases that
Weapon Exposure will Exceed a Given Temperature

TEMPERATURE, | COLLISION ACCIDENTB-1B* | ENGINE START ACCIDENT
°F B-1B
MIDDLEBAY | AFTBAY | y\qooieo, B-52
500 04112 0.5531 0.5276 0.4539
550 0.3858 0.5245 0.4908 0.4387
600 0.3676 0.5067 0.4672 0.4387
650 0.3444 0.4882 0.4474 0.4276
700 0.3326 0.4755 0.4435 0.3816
750 0.3094 0.4476 0.4031 0.3601
800 0.2905 0.4303 0.3969 0.3511
850 0.2711 0.4148 0.3900 0.3511
900 0.2618 0.3933 0.3709 0.3274
950 0.2503 0.3810 0.3148 03266
1000 0.2366 0.3661 0.2953 0.3235
1050 0.1957 0.3139 0.2859 0.3123
1100 0.1554 0.2565 02713 .. 0.2945
1150 0.1498 0.2505 02632 0.2945
1200 0.1422 0.2422 0.2500 0.2819
1250 0.1312 0.2270 0.2400 0.2672
1300 0.1177 0.2076 0.2383 0.2672
1350 0.1099 0.1975 0.2199 0.2460
1400 0.1075 0.1920 0.2199 0.2451
1450 0.0987 0.1803 0.2190 0.2402
1500 0.0901 0.1654 0.2061 0.2002
1550 0.0857 0.1504 0.1826 0.1853
1600 0.0659 0.1230 0.1688 0.1851
1650 0.0618 0.1162 0.1525 0.1536
1700 0.0555 0.1095 0.1183 0.1138
1750 0.0534 0.1081 0.1183 0.0827
1800 0.0454 0.0942 01183 0.0632
1850 0.0387 0.0795 0.1183 0.0629
1900 0.0363 0.0716 0.0780 0.0522
1950 0.0308 0.0603 0.0419 0.0322
2000 0.0261 0.0507 0.0168 0.0005
2050 0.0251 0.0490 0.0168 0.0002
2100 0.0105 0.0231 0.0000 0.0000
2150 0.0100 0.0218 0.0000 0.0000
2200 0.0000 0.0000 0.0000 0.0000
2250 0.0000 0.0000 0.0000 0.0000

* There is no equivalent weighted mean data for the B-52 collision accident

due to the lack of data on the relative base to base traffic.
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Appendix A
FLAME TEMPERATURE DATA

The flame temperature data used in weapon exposure predictions for this
report were obtained from a series of six fire tests. This data is presented in
Appendix A in terms of horizontal contours of time-average temperature at the
heights of 1, 4, 7 and 10 feet.

For the test series, fuel (JP-5) was "spilled" at a constant rate onto a level
surface, with deliberate fuel ignition occurring at the instant the fuel first
impacted the surface. The liquid fuel flow along the surface radially outward
from the point of impact was unrestricted. Under this circumstance, the
diameter of the fuel layer on the surface will increase until it reaches a maximum
and thereafter constant value. This maximum diameter is given approximately

as D = 3.5 (S)”2, where D is the diameter in feet for a spill rates in gpm. Tests
were conducted under three wind speed and three fuel spill rate conditions. The
matrix of test conditions for the six tests is given in Table A-1.

TABLE A-1. Test Condition Matrix

WIND SPEED
LOW MEDIUM HIGH
5 mph 15-18 mph 26 mph
150 TEST 7
FUEL
SPILL 300 TEST 8 TEST 4 TEST 3
RATE, TEST 9
gpm
450 TEST 6




The temperature contours mentioned above are given in Figures A-1 through
A-6. The contours are based on temperature measurements over each of the
horizontal planes, where the distance between measurement locations over each
horizontal plane is 2.5 feet in both horizontal directions. On the figures, the
"dotted enclosure" indicates the area over which temperature measurements
were made. The temperature contours outside of this enclosure are estimates
based on film coverage and knowledge of the location of the edge of the fuel
layer. The film coverage was used to identify the position of the edge of the fire
at each height relative to the position of the edge at other heights. The edge of
the fire at ground level was identified from knowledge of the position of the
edge of the fuel layer relative to the spill point.

In fires of this sort, there is an initial time period of "flame build-up” after the
fuel supply is started and ignited. The build-up period, typically of the order of
one minute, is due in part to the time for the liquid fuel to spread to the
maximum diameter. There is then a second period during which the flame has
"stabilized," where stabilized means that while there are significant local
fluctuations in temperature, temperature averages over one minute periods at a
given location would be essentially constant with time. There is then a third
period of "flame decay" after the fuel supply has been stopped. The time-
average temperatures given on Figures A-1 through A-6 are based only on data
obtained during the stable period.

Details of the tests and test results are given in Reference 1, and a summary is
given in Reference 2. The test facility design, fire test series and initial data
analysis was sponsored by the Navy Department, Naval Weapons Center, China
Lake, California (contact, John Fontenot). The tests were conducted at NASA,
White Sands Test Facility, Las Cruces, NM (contact, Larry Linley). The initial
time-dependent raw temperature data is availabie from Mr. Linley at the White
Sands Facility; this includes data over the duration of fire growth, the duration
over which the time-average temperature patterns are steady, and for the time
after the fuel supply was stopped. The temperature data over the "steady"
duration of the fire (either time-dependent or time-averaged) is available from
Douglas Stephens, Lawrence Livermore National Laboratory, Livermore,
California, or Joe Mansfield, JM Technical, Redmond, Oregon.
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Appendix B
AIRCRAFT/AIR BASE ORIENTATION

There are twelve air force bases included in the evaluation of temperature
exposure. The evaluation requires knowledge for each base of the direction of
the runway, the directions that the alert aircraft are pointed, and which end of
the runway the alert paid is located. Ground accident evaluation requires in
addition the number of alert aircraft pointed in each direction. Appendix B
provides a summary of this required data.

The directions that the alert aircraft are pointed, and the number of aircraft in

each direction, are given in Table B-1. Sketches indicating the runway and alert
aircraft orientations are given for each base on Figures B-1 through B-6.

TABLE B-1. Number of Aircraft at Each Parking Angle

1st DIRECTION 2nd DIRECTION
TYPE OF ALERT PARKING NUMBER OF PARKING NUMBER OF
AIRCRAFT BASE ANGLE, deg CW AIRCRAFT ANGLE, deg CW AIRCRAFT
from N from N
BARKSDALE 170 4 80 4
CARSWELL 180 4 270 4
CASTLE 320 2 50 2
EAKER 0 4 270 4
B-52
FAIRCHILD 220 2 130 2
MINOT 330 4 240 4
SAWYER 10 4 100 5
WURTSMITH 230 4 140 5
DYESS 120 5
ELLSWORTH 30 4 120 4
B-18
GRAND FORKS 80 4 30 4
McCONNELL 190 5 10 5
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CARSWELL AF BASE, TX
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Figure B-1 Aircraft/Air Base Orientation at Barksdale AFB and Carswell AFB
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Figure B-2  Aircraft/Air Base Orientation at Castle AFB and Eaker AFB
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FAIRCHILD AF BASE
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MINOT AF BASE, ND

Figure B-3 Aircraft/Air Base Orientation at Fairchild AFB and Minot AFB
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Figure B-4 Aircraft/Air Base Orientation at Sawyer AFB and Wurtsmith AFB
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DYESS AF BASE, TX
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ELLSWORTH AF BASE

Figure B-5 Aircraft/Air Base Orientaiion at Dyess AFB and Ellsworth AFB
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GRAND FORKS AF BASE
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Figure B-6 Aircraft/Air Base Orientation at Grand Forks AFB and
McConnell AFB
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Appendix C
WEATHER DATA

Weather data used in the exposure evaluation comprised wind direction and
wind speed readings at one-half hour intervals over a period of one year
(January 1989 to January 1990) for each of the twelve bases (this data was
provided by the Air Force*). Since the above data was, as a practical matter,
limited to one year, it was verified that the weather for this year was typical by
comparison with weather data compiled over a seven year period for the same
locations (the 7 year data was provided by Lawrence Livermore National
Laboratory). Appendix C provides summary plots of the wind directions and
wind speed and shows various example comparisons between the 1-year and
7-year data. Data discs of the raw weather data or the processed weather data
(data required as input to the computer program) are available from Lawrence
Livermore Laboratory (Douglas Stephens) or JM Technical (Joe Mansfield).

It is noted that the effects of rain and snow were ignored in the evaluation.
Since rain and perhaps snow would most likely reduce the severity of the fire,
including the effect of rain or snow, although probably a negligible effect, would
tend to reduce the overall probability of exposure to given temperatures.

Summary plots of the relative probability of wind directions and wind
speeds are given in Figures C-1 and C-2, respectively (1-year Air Force data).

Regarding the comparison between 1-year and 7-year data, the data was
separated into the wind speed categories of 0 to 10 mph, 10 to 20 mph and
greater than 20 mph. Then the probability vs wind direction for each wind
speed category was compared. Example comparative plots for Carswell, Castle,
Sawyer, McConnell and Eaker AF Bases are given on Figures C-3 through C-7.

»

Department of the Air Force, OL-A, USAF Environmental Technical Applications
Center (MAC), Federal Building, Asheville, NC 28801 (Contact Mr. Henry Fountain).
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It is noted that the 1-year data was provided in terms of 10 degree angular
intervals in wind direction, whereas the 7-year data was in 22.5 degree intervals.
Similarly, the wind speed categories were not exactly equivalent. It is thereby
not possible to make a point by point comparison, but the trends and their
magnitudes are relevant. In this context, the 1-year data appears to be from a

typical year.

The wind speeds averaged over a year for each of the twelve bases, and for
all bases, is listed in Table C-1.

TABLE C- 1. AVERAGE WIND SPEED AT VARIOUS SAC BASES

BASE SPEED (mph)
DYESS 8.31
ELLSWORTH 8.96
GRAND FORKS 10.41
McCONNELL 8.59
BARKSDALE 5.31
CARSWELL 8.92
CASTLE 5.02
EAKER 8.01
FAIRCHILD 6.52
MINOT 9.62
SAWYER 8.31
WURTSMITH 7.06

WIND SPEED AVERAGED OVER ALL BASES 7.92 mph

The rate of airport operations (landings and take-offs) varies with the time of
day, and the weather conditions also tend to vary with time of day. Using the
assumption that the rate of accidents is proportional to the rate of airport
operatior s, it was explained in Section 2 that data on the operation rate vs time
of day was combined with wind speed and direction data to establish the
relative probability that an accident will occur for given wind speeds and
directions. Relative airport operation rates vs time of day were obtained from
Reference 13. The operation rate data used is summarized in Table C-2. It can
be seen from Table C-2 that the base tu base variation in rate at given times of

day is not particularly significant, and that for four bases the average for the
other eight bases was used.
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TABLE C-2. FRACTIONS OF LANDINGS OR TAKE-OFFS AT

VARIOUS TIMES OF DAY!
BASE TIME OF DAY (GMT)
0000-0600 | 0600-1200 | 1200-1800 | 1800-2400

CARSWELL .069 279 .450 202
DYESS .059 216 510 215
ELLSWORTH .059 315 .463 .163
FAIRCHILD .058 284 501 157
GRAND FORKS .060 279 519 142
McCONNELL 022 .354 531 .093
MINOT .076 286 .530 .108
SAWYER 061 244 527 .168
AVERAGE FRACTION:

USED FOR .058 282 .504 156
BARIKSDALE, CASTLE,

EAKER & WURTSMITH

'Based on data from Jan 89 to Jan 90. Includes military and general aviation.

The probabilities listed in Table C-3 indicate the relative probability that
accidents will occur for various wind speed/wind direction combinaticns at
various times of day for McConnell AF Base. Probability numiber files that
correspond to those on Table C-3 have been compiled for all twelve bases. These
files are required input to the computer program for evaluating the probability
of weapon exposure to given temperatures, and are available from Lawrence

Livermore National Laboratory (Douglas Stephens) or JM Technical (Joe
Mansfield).
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TABLE C-3. RELATIVE PROBABILITY OF ACCIDENT FOR GIVEN WIND
SPEEDS/WIND DIRECTIONS AT GIVEN TIMES OF DAY FOR

McCONNELL AF BASE.
RELATIVE
TIME OF WIND SPEED | WIND DIRECTION | PROBABILITY of
DAY, hours RANGE, mph RANGE, degrees ACCIDENT
355-5 0.000397
5-15 0.000618
15- 25 0.000453
25-35 0.000629
35-45 0.000596
45-55 0.000408
55 - 65 0.000353
65 - 75 0.000453
75 -85 0.000287
85-95 0.000519
95- 105 0.000740
105 - 115 0.0004189
115-125 0.000353
125- 135 0.000773
135 - 145 0.001236
145 - 155 0.001093
0 -1 0 155 - 165 0.000883
165 - 1785 0.000817
175 - 185 0.000430
185 - 195 0.000563
195 - 205 0.000375
205 - 215 0.000232
215- 225 0.000254
225 - 235 0.000166
235 - 245 0.000077
0000 - 0600 245 - 255 0.000144
255 - 265 0.000144
265 - 275 0.000088
275 - 285 0.000166
285 - 295 0.000144
295 - 305 0.000110
305 - 318 0.000121
315-325 3.000077
325 - 335 0.000088
335 - 345 0.000166
345 - 355 0.000254
355-5 0.000442
§-15 0.000552
15§-25 0.000442
25-35 0.000309
35-45 0.000166
45 - 55 0.000088
55 - 65 0.000110
65-75 0.000011
75 - 85 0.000000
85-95 0.000055
85 - 135 0.000022
10 = 20 105 - 115 0.000055
115-125 0.000055
125-135 0.000055
135 - 145 0.000210
145. 155 0.000342
155 - 155 0.000729
165- 175 0.0C0960
175- 185 0.000718
185 - 165 0.000486
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185 - 205 0.000221
205 - 215 0.000033
215 . 225 0.000055
225 - 235 0.000011
235 - 245 0.000000
245 - 255 0.000000

10-20 255 - 265 0.000000
265 - 275 0.000000
275 - 285 0.000000
285 - 295 0.000011
295 - 305 0.000033
305 - 315 0.000055
315.325 0.000033
325 - 335 0.000022
335 - 345 0.000188
345 - 355 0.000166

355.5 0.000044
5.15 0.000088
15. 25 0.000066
0000 - 0600 25-35 0.000000
35. 45 0.000000
45 - 55 0.000000
55 . 65 0.000000
65-75 0.000000
7585 0.000000
85 - 95 0.000000
95105 0.000000
105- 115 0,000011
115.125 0.000011
125. 135 0.000000
135 - 145 0.000011
145. 155 0.000011
155 - 165 0.000055
> 20 165 - 175 0.000055
175 . 185 0.000089
185 - 195 0.000066
195 - 205 0.000077
205 - 215 0.000000
215225 0.000011
225. 235 0.000000
235 - 245 0.000000
245 - 255 0.000000
255 - 265 0.000000
265 - 275 0.000000
275 - 285 0.000000
285 - 295 0.000000
285 - 305 0.000000
305. 315 0.000000
315-325 0.000022
325 - 335 0.000022
335 . 345 0.000055
345 355 0,000033
385.5 0.009320
5-15 0.010052
15. 25 0.011879
2535 0.007311
35 . 45 0.007311
45 - 55 0.006031
55- 65 0.006213
6575 0.006579
. 75. 85 0.006761
0600 - 1200 0-10 85 - 95 0.006761
95 - 105 0.007494
105- 115 0.007311
115-125 0.005848
125. 135 0.008407
135 . 145 0012427
145 - 155 0.014072
155- 165 0.019007




0600 - 1200

165 - 175 0014072
175 - 185 0.010052
185- 195 0013342
195 - 205 0.007676
205 - 215 0.003472
215225 0002376
225.235 0002011

0-10 235 - 245 0.001096
245 . 255 0.002193
255 . 265 0.001453
265 . 275 0.001463
275 - 285 0.003107
285 - 295 0.001645
295 - 305 0.002011
305.315 0.002741
315- 325 0.002924
325 . 335 0.003655
335 . 345 0003107
345. 355 0.004020

3555 0.004935
5.15 0.008955
1525 0.005848
25.35 0.004204
35.45 0.003107
45.55 0.000548
55. 65 0.001645
6575 0.000548
7585 0.000548
8595 0.000731
95.105 0.001279
105- 115 0.000183
115. 125 0.001463

10-20 125 - 135 0.000731
135 145 0.000365
145 - 155 0.002924
155 - 165 0.006944
165 - 175 0.011514
175 - 185 0.015718
185 - 195 0.010235
195 - 205 0.008590
205. 215 0.003837
215 - 225 0.000913
225. 235 0.000548
235 - 245 0000183
245 . 255 0.000183
255 . 266 0.000183
265. 275 0.000000
275 - 285 0.000548
285 - 295 0.000365
295 - 305 0.000731
305315 0.000365
315 325 0.000365
325.335 0001645
335 345 0.003655
345 - 355 0.003472

355. 5 0.000731
5.15 0001645
1525 0.001828
2535 0.000548
35.45 0.000000
4555 0.000000
5565 0.000000
65 - 75 0000000
> 20 75 - 85 0.000000
85. 95 0.000000
95 - 105 0.000000
105- 115 0.000000
115125 0.000000
125 - 135 0.000000
135 - 145 0.000183
145 - 155 0.000000




155 - 165 0.000000
165 - 175 0.000731
175- 185 0001463
185 - 195 0.001096
195 - 205 0.000731
205 - 215 0.000183
215- 225 0.000000
225 - 235 0.000000
0600 - 1200 > 20 235. 245 0.000000
245 - 255 0.000000
255 - 265 0.000000
265 - 275 0.000000
275- 285 0.000C00
285 - 295 0.000183
295 - 305 0.000000
305 - 315 0.000183
315- 325 0.000000
325 - 335 0.000183
335 - 345 0.000548
345 - 355 0.000548
355-5 0.009439
5-15 0.012848
15- 25 0.005769
25-35 0.007343
35- 45 0.007604
45 .55 0.003409
55 - 65 0.005769
65-75 0.007343
75 -85 0.009964
85 - 95 0.008653
95 - 105 0.012324
105 - 115 0.007867
115- 125 0.008129
125 - 135 0.011276
0-10 135 - 145 0.012848
145 - 155 0.014685
155 - 165 0.019666
165 - 175 0.015208
175 - 185 0.012062
185 - 195 0.018880
195 - 205 0.013636
205 - 215 0.009964
215- 225 0.009178
1200 - 1800 225.235 0.004195
235 - 245 0.003146
245 - 255 0.004720
255 - 265 0.002360
265 - 275 0.002623
275 - 285 0.003670
285 - 295 0.003670
295 - 305 0.002099
305 - 315 0.002623
315-325 0.004458
325 - 335 0.004458
335 - 345 v 008392
345 - 355 0.005244
355-5 0.015208
5-15 0.013112
15 - 25 0.017045
25 - 35 0.007867
35 - 45 0.006293
45 - 55 0.003409
55 - 65 0.001311
10- 20 65 .75 0.001574
75 - 85 0.001835
85 - g5 0.001049
95 - 105 0.001049
105 - 115 0.003670
115 - 125 0002623
125 - 135 0.001049
135 - 145 0.003146




145 - 158§ 0004195
155 - 165 0.008129
165 - 175 0.014161
175 - 185 0.017306
185 - 195 0020979
165 - 205 0.017045
205 - 215 0.008653
215 . 225 0.004720
10-20 225 - 235 0.000525
235 - 245 0.000786
245 - 255 0.001574
255 - 265 0.000786
265 - 275 0.000000
275 - 285 0.000525
285 - 295 0.001574
295 - 305 0.002623
305 - 315 0.002089
315 - 325 0.002098
325 - 335 0.002360
335 - 345 0.008392
345 - 355 0.012848
355-5 0.003834
1200 - 1800 515 0.002884
15- 25 0.002360
25-35 0.000525
35 - 45 0.000000
45 . 55 0.000000
55 - 65 0.000000
65 - 75 0.000000
75 -85 0.000000
85 - 95 0.000000
95 - 105 0.000000
105- 115 0.000000
115 - 125 0.000000
125 - 135 0.000000
135 - 145 0.000000
145 - 155 0.000000
155 - 165 0.000261
> 20 185 - 175 0.001049
175 - 185 0.001835
185 - 195 0.002884
195 - 205 0.002099
205 - 215 0.001311
215 - 228 0.000261
225 . 235 0.000000
235 - 245 0.000000
245 - 255 0.000000
255 - 265 0.000000
265 - 275 0.000000
275 - 285 0.000000
285 - 295 0.000261
295 - 305 0.000000
305-3°5 0.000525
315 - 325 0.000525
325 - 335 0.001049
325 - 345 0.000525
345 - 355 0001574
355-5 0001431
515 0001562
15 - 25 0.001431
2535 0001258
35 . 45 0.001431
45 . 55 0.000954
55 - 65 0.001041
1800 - 2400 0-10 65 - 75 0.000954
75 - 85 0 001084
85 - 95 0000998
95 - 105 0001648
105 - 115 0.001431
115 - 125 0001345
125 - 135 00015605
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1800 - 2400

135 . 145 0.001605
145 - 155 0.001622
155 - 165 0.002646
165 - 175 0.001952
175 - 185 0.001822
185 - 195 0.002299
195 - 205 0.001692
205 - 215 0.001822
215 - 225 0.002082
0 - 1 0 225 - 235 0.000564
235 - 245 0.000607
245 - 255 0.000347
255 . 265 0.000434
265 - 275 0.000477
275 - 285 0.000607
285 - 295 0.000477
295 - 305 0.000390
308 - 315 0.000694
315 - 325 0.000477
325 - 335 0.000564
335 - 345 0.001128
345 - 355 0.001388
385-5 0.002733
5-15 0.001985
15- 25 0.002819
25-35 0.001475
35-45 0.000824
45 - 55 0.000694
55 - 65 0.000607
65-75 0.000217
75-85 0.000347
85 - 95 0.000304
95-105 0.000130
105- 118 0.000564
115- 125 0.000477
125 - 135 0.000044
135 - 145 0.000260
145 - 155 0,000954
155 - 165 0.003036
165 - 175 0.003557
10-20 175 - 185 0.003600
185 - 195 0.004338
195 - 205 0.002733
205 - 215 0.002082
215 - 225 0.000988
225 - 235 0.000477
235 - 245 0.000130
245 - 255 0.000044
255 - 265 0.000217
265 - 275 0.000217
275 - 285 0.000217
285 - 295 0.000260
295 - 305 0.000390
305 - 315 0.000607
315- 325 0.000998
325 - 335 0.000824
335 - 345 0.001735
345 - 355 0.001648
355-5 0.000651
§5-15 0.000564
15-25 0.000260
25-35 0.000087
35-45 0.000044
45 - 55 0.000000
> 20 55 - 65 0.000000
65-75 0.000000
75 - 85 0.000000
85 -95 0.000000
95 - 105 0.000000
105 - 115 0.000087
115 125§ 0.000044




1800 - 2400

> 20

Ty

125 - 135 0.000000
135 - 145 0.000000
145 - 155 0000044
155 - 165 0.000304
165 - 175 0000477
175 - 185 0.000651
185 - 195 0000824
195 - 205 0.000694
205 - 215 0.000260
215 - 225 0.000347
225 - 235 0.000087
235 - 245 0.000044
245 - 255 0.000087
255 - 265 0.000000
265 - 275 0.000000
275 - 285 0.000000
285 - 295 0.000000
295 - 305 0.000044
305 - 315 0.000000
315 - 325 0.000087
325 - 335 0.000087
335 - 345 0.000173
345 - 355 0.000434
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Figure C-1 Probability that the Wind will be in a Given Direction for
Twelve Air Bases (continued on next two pages)
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Figure C-3 Comparison Between Wind Data Obtained Throughout One-year
and Seven-year Durations for Carswell AF Base
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Figure C-4 Comparison Between Wind Data Obtained Throughout One-year

and Seven-year Durations for Castle AF Base
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Figure C-5 Comparison Between Wind Data Obtained Throughout One-year
and Seven-year Durations for Sawyer AF Base
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Figure C-6 Comparison Between Wind Data Obtained Throughout One-year
and Seven-year Durations for McConnell AF Base
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Figure C-7 Comparison Between Wind Data Obtained Throughout One-year
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Appendix D
FUEL SPILL LOCATION/RATE DATA

A procedure to estimate the locations and rates of fuel spills that are likely to
occur during landing and take-off collisions into the alert aircraft is described in
Section 2. All data associated with these fuel spills are given in this appendix.

Figure D-1 shows the location of fuel tanks for the B-52 and the B-1B. For
purposes of analysis, a distribution of potential fuel spill locations on the alert
aircraft were designated on the basis of fuel tank locations; these discrete fuel
spill locations, and a symbol associated with each location (R2, F4, etc.) are
indicated in Figure D-2. The exact location of these discrete spill locations is
given in terms of coordinate positions in what is called the aircraft coordinate
system (a coordinate system attached to the alert aircraft) on Tables D-1 and D-2
for the B-52 and B-1B, respectively. In the aircraft coordinate system, the Y axis
is along the fuselage axis, with the coordinate origin 85 feet behind the forward
tip of the fuselage (for both the B-52 and B-1B); the X coordinates are positive to
the right of the fuselage axis (right wing spill points have positive X coordinate
values), and X coordinates are negative to the left of the fuselage axis.

Damage to and fuel spills from the aircraft that collides with the alert
aircraft will also occur, and the colliding aircraft fuel spill locations must also be
identified. These locations are identified in the coordinate system attached to
the alert aircraft, the so-called aircraft coordinate system. A grid of potential
spill coordinates in the aircraft coordinate system is designated, as illustrated in
Figure D-3a. The spacing between grid points is 25 feet in the X or Y direction.
This figure shows the (x,y) coordinates for the grid of locations, and also a "C##"

designation. Figure D-3b shows, for example, the location of the B-52 in the
aircraft coordinate system.
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Figure D-1 Fuel Tank Locations in the Alert Aircraft
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Figure D-2 Designated Fuel Spill Locations in the Alert Aircraft
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FUEL SPILL LOCATION DESIGNATIONS FOR AIRCRAFT
COLLIDING WITH ALERT AIRCRAFT

C-40 c-30 c-20 C-10 C00 cio c20 C30 c40
{100, 185) (75, 183) (-50, 185) (-25,185) [0, 185) (25, 185) {50, 185) (75.785) (100, 185)
c-41 c-at c-21 c-11 co1 ci c21 C31 c41
100,160y (-75.T80] {-50, 150} -25,760) {0, 150} {25, T60] {50, 160) {75,760y (100, T60)
C-42 c-32 c-22 c-12 co2 c12 c22 caz c42
(-100, 135) (75, 135) (50, 135) (-25,135) [0, 135) (25, 135) {50, 135) {75.135) (100, 135)
C-43 c-33 c-23 c-13 co3 ci3 c23 c33 C 43
(-100, 110) _ (-75,110) _ (-50, 110 {25, 110) {0, 110) (25, 110) (50, 110) {75,110) (100, 110)
C-44 c-34 Cc-24 c-14 co4 ci4 c24 ca4 c44
(-100, 85) (75, 85) (-50, 85) (-25, 85) (0. 85) (25, 85) (50, 85) (75, 85) (100, 85)
C-45 c-35 c-25 C.15 cos ci5 c2s c35 c45
(-100, 60) (-75, 60) (-50, 60) (-25, 60) (0. 60) (25, 60) (50, 60) (75, 60) {100, 60)
C.-46 Cc-36 C-26 C-18 co6 cis c26 c36 c46
(-100, 35) (-75,35) (-50, 35) (-25, 35) (0. 35) (25, 35) (50, 35) (75, 35) (100, 35)
c-47 c-a7 c-27 c-17 co7 ci7 c27 caz c4z
(-100, 10) (-75, 10) (-50, 10) (-25, 10) (0, 10) (25, 10) (80, 10) {75, 10) (100, 10)
C-48 c-38 c-28 c-18 co8 cis ce8 cas c48
(-100, -15) (-75, -15) (50, -15) (-25, -15) (0, -15) (25, -15) (50, -15) (75. -15) (100, -15)
C-49 -39 c-29 c-19 co9 c19 c29 c39 c49
(-100, -40) {75, -40) (-50, -40) (-25, -40) (0. -40) (25, -40) (50, -40) (75, -40) (100, -40)
C-410 C-310 c-210 c-110 co10 C110 €210 C310 c410
(-100, -65) (-75. -65) (-50, -65) (-25, -65) (0, -65) (25, -65) (50, -65) (75, -65) (160, -65)

(x,y) in Aircraft coordinate system
C## location designation

Figure D-3a Fuel Spill Location Designation for the Aircraft that Collides with
the Alert Aircraft
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C-40 C-30 C.20 C-10 Co0 C10 C20 C30 C40

C-41 C-31 c-21 co1 Co1 cn c21 C31 cit

c-42 c-32 c-22 C-12 co2 ci2 c22 c32 C42

c-43 C-33 c-23 c-13 €03 c13 c23 ca3 C43

C-44 C-34 c-24 c-14 Co4 C14 _C24 C34 C44
|

c-45 c.35 c-25 C.15 @ cis c25 €35 C4s
|

C-46 C:3% c-28 D_c$ 3 \o;s c28 €36 ce5

N,

c47 Jh\\ c17 cex Qﬂ caz 47

c-48 c18 C28 ™ <3a c48

C-43 c-29 c-29 C.19 cog ci9 c29 €39 C49

C-410 Cc-310 c-210 S///X 10 C cz10 C310 c410

Figure D-3b Fuel Spill Location Designation for the Aircraft that Collides with
the Alert Aircraft
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TABLE D-1. Fuel Spill Coordinate Locations for the B-52

FUEL SPILL LOCATION ON B-52

LOCATION | AIRCRAFT COORDINATE SYSTEM LOCATION. ft
DESIGNATION X Y
F1 0.0 52
F2 0.0 37
FUSELAGE F3 0.0 21
F4 0.0 4
F5 0.0 -13
R1 16 28
R2 32 17
RIGHT WING R3 48 6
R4 64 -5
R5 80 -16
L1 -16 28
L2 -32 17
LEFT WING L3 -48 6
L4 -64 -5
L5 -80 -16
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TABLE D-2. Fuel Spill Coordinate Locations for the B-1B

FUEL SPILL LOCATION ON B-1B

LOCATION | AIRCRAFT COORDINATE SYSTEM LOCATION, ft

DESIGNATION X Y

F1 0.0 37

F2 0.0 21

F3 0.0 5

FUSELAGE

F4 0.0 -11

F5 0.0 -27

F6 ' 0.0 -43
R1 19.1 -1.5
‘ R2 30.2 -3.2
RIGHT WING R3 41.3 -4.9
R4 52.4 -6.6
R5 65.5 -8.6
L1 -19.1 -1.5
L2 -30.2 -3.2
LEFT WING L3 -41.3 -4.9
L4 -52.4 -6.6
L5 -65.5 -8.6
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The procedure for evaluating the relative probability that fuel spills will
occur at given locations and at given volumetric flow rates due to a collision of a
moving aircraft (landing or taking-off) into an alert (parked) aircraft is described
in Section 2. This probability distribution was evaluated for seven collision
angles as illustrated in Figure D-4; specifically, distributions for collisions
individually for the B-52 and B-1B were developed where the direction of
motion of the colliding aircraft is in the direction

(@)  that the alert aircraft is pointed (rear end collision),

(b) 45 degrees CW and CCW from the direction the alert aircraft is
pointed (referred to as 45° from rear),

() 90 degrees CW and CCW from the direction the alert aircraft is
pointed (broadside collision), and

(d) 135degrees CW and CCW from the direction the alert aircraft is
pointed (referred to as 45° from front).

For each of these collision angles, the location or locations and extent of fuel
tank damage will depend in the relative lateral position of the colliding and alert
aircraft; three distinct lateral positions are illustrated in Figure D-5, and the
resulting fuel spill locations for both aircraft would be entirely different for the
three positions. In evaluating the fuel spill location probability distribution, the
lateral position at collision was separated into several "collision regions;" the
broadside collision into the B-52, for example, has been separated into twelve
collision regions as illustrated in Figure D-6. Figure D-6a shows specifically a
broadside collision into Region 1, meaning that the left wing tip guide line of the
colliding aircraft is within the dashed lines defining Region 1. Figure D-6b
illustrates the broadside collision into Region 12. These collision regions were
determined on the basis that the general aircraft response to collision and
thereby the resulting fuel tank damage and spill locations for collision in a given
region are different from that for other regions.

Figure D-7 shows the collision regions for all collision angles for the B-52,
and similarly, Figure D-8 shows the collision regions for the same collision
angles for collisions into the B-1B.

A concise listing of the fuel spill locations and rates and the corresponding
relative probabilities of spills at these locations and rates that were determined
by the procedure described in Section 2 is given in Tables D-3 and D-4 for the
B-52 and the B-1B, respectively. The first column in these tables indicates the
collision region. The second column indicates the location of fuel spills in terms
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Figure D-6b Broadside Collision into B-52 at Region 12
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Figure D-7a Collision Regions for all Collision Angles into the B-52
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Figure D-7b Collision Regions for all Collision Angles into the B-52
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Figure D-7¢ Collision Regions for all Collision Angles into the B-52
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Figure D-7d Collision Regions for all Collision Angles into the B-52
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Figure D-8a Collision Regions for all Collision Angles into the B-1B
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Figure D-8b Collision Regions for all Collision Angles into the B-1B
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Figure D-8c Collision Regions for all Collision Angles into the B-1B
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Figure D-8d Collision Regions for all Collision Angles into the B-15
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of the symbols designated on Figures D-2 and D-3. In column 2, the symbol "/"
means "or," and the symbol "X" means "and". The third column indicates the
corresponding fuel spill rate category, where the categories 1, 2 and 3
correspond, respectively, to the fuel spill rate ranges of zero to 225 gpm, 225 to
450 gpm, and greater than 450 gpm. The fourth column lists the relative
probability for the spill location/rate combination.

Except for special cases, all spill probability distributions developed are
given in Tables D-3 and D-4. Special cases not given include modifications of
the distributions shown that were used in the uncertainty analysis and

preliminary distributions that were generated during the procedure
development process.
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TABLE D-3a.

FOR DIRECT REAR COLLISION INTO B-52

A. COLLISION IN HIGH SPEED IMPACT RANGE

COLLISION

REGION FUEL SPILL LOCATIONS
1 RS
2 R4/R5
3 R3/R4/R5
4 R2/R3 x R4/R5 x C30/C40/C31/C41
5 R1/R2/R3/R4 x R5 x C31/C21/C12/C22
6 R4/R5 x R1/R2/R3 x

C25/C26/C27/C24/C16/C14/C15/C23
7 R2/R3/R4 x F4/F5 x C16/C26/C15
8 F3/F4 x R1/R2 x R3/R4/R5 x C19/C110/C111
9 F2/F3/F4/F5 x R1/R2 x R3/R4 x L1/L2
10 F2/F3/F4/F5 x R1/R2/R3 x L1/L2 x C-19
11 F2/F3/F4/F5 x L1L2/L3 x L1/L2 x C19
12 F2/F3/F4/F5 x L1/L2 x L3/L4 x L1/L2
13 F3/F4 x L1/L2 x L3/L4/LS x C19/C-110/C-111
14 L2/L3/L4 x F4/F5 x C-16/C-26/C-15
15 L4/L5 x L1/L2/L3 x
C-25/C-26/C-27/C-24/C-16/C-14/C-15/C-23

16 L1/L2/L3/L4 x L5 x C-31/C-21/C-12/C-22
17 L2/L3 x L4/L5 x C-30/C-40/C-31/C-41
18 L3/L4/LS
19 L4/L5
20 LS

230NN A WN =

B. COLLISION IN MEDIUM SPEED IMPACT RANGE

R5 x C45/C44/C43/C42

R4/R5 x C35/C34/C33/C45/C44/C43
R3/R4/R5 x C35/C34/C44/C43/C33/C42
R4/R5 x R2/R3 x C37/C36/C35/C34/C27
R2/R3/R4/R5 x C26/C27/C35/C36/C37
R2/R3 x R4/R5 x C26/C27

R2/R3/R4 x C19/C110/C26/C27

F2/F3 x R1/R2 x R3/R4 x C011/C110/C11
F3/F4/F5 x R1/R2 x R3/R4 x C-19

F3 x F4/F5 x R1/R2 x R3/R4

F3 x F4/F5 x L1/L2 x L3/L4

D-21

FUEL SPILL
RATE
CATEGORIES

1
1
1
1x2x2

1x3x1
3x2x2

3x1x3
2x3x1x2
3x3x1x3
2x3x1x3
2x3x1x3
3x3x1x3
2x3x1x2

3x1x3

3x2x2

1x3x1
1x2x2
1
1
1

1x2
1x1
1x1
1x1
2x1
3x2x2
2x2
1x2x1x2
3x3x1x3
2x3x3x1
2x3x3x1

FUEL SPILL LOCATIONS, RATES AND PROBABILITIES

RELATIVE
PROBABILITY

026882
024194
024194
.032258
.024194
028226

.028226
.014785
029570
.017473
017473
029570
.014785
028226
028226

024194
032258
.024194
024194
.026882

013441
012097
012097
016129
012097
.014133
014133
.007392
014785
008737
008737



12
13
14
15
16
17
18
19
20

CoOoONOO S~ WD

F3/F4/F5 x L1/L2 x L3/L4 x C19

F2/F3 x L1/L.2 x L3/L4 x C011/C-110/C-11
L2/L3/L4 x C-19/C-110/C-26/C-27

L2/L3 x L4/LS x C-26/C-27

L2/L3/L4/L5 x C-26/C-27/C-35/C-36/C-37
L4/L5 x L2/L3 x C-37/C-36/C-35/C-34/C-27
L3/L4/L5 x C-35/C-34/C-44/C-43/C-33/C-42
L4/L5 x C-35/C-34/C-33/C-45/C-44/C-43
L5 x C-45/C-44/C-43/C-42

C. COLLISION IN LOW SPEED IMPACT RANGE

R4/RS x C46/C47/C48

R4/RS x C36/C37/C38/C46/C47/C48
R3/R4/R5 x C27/C36/C37/C38/C46/C47
R3/R4/R5 x C38/C47/C48
R3/R4/R5 x C27/C37/C38

R3/R4/R5 x C110/C111

R3/R4/R5 x C011/C110/C111

R1/R2/R3 x R4/R5 x C011/C111/C110
F3/F4 x R1/R2 x C011/C010

F3/F4/F5 x R1/R2 x C010/C011
F3/F4/F5 x R1/R2 x C010/C011

F3/F4 x R1/R2 x C011/C010

LIA2/L3 x L4/LS x C011/C-111/C-110
L3/L4/LS x C011/C-110/C-111

L3/L4/L5 x C-110/C-111

L3/L4/L5 x C-27/C-37/C-38

L3/L4/LS x C-38/C-47/C-48

L3/L4/L5 x C-27/C-36/C-37/C-38/C-46/C-47
L4/L5 x C-36/C-37/C-38/C-46/C-47/C-48
L4/L5 x C-46/C-47/C-48

D-22

3x3x1x3

1x2x1x2
2x2

3x2x2

2x1
1x1
1x1
1x1
1x2

1x1
1x1
1x1
1x1
3x2
2x1
2x2
2x1x2
1x2x3
1x2x3
1x2x3
1x2x3
2x1x2
2x2
2x1
3x2
1x1
1x1
1x1
1x1

014785
.007392
014133
014133
012097
016129
.012097
.012097
013441

013441
012097
012097
016129
012097
014133
014133
007392
.014785
008737
008737
014785
.007392
014133
014133
012097
016129
012097
.012097
013441



TABLE D-3b.

A. COLLISION IN HIGH SPEED IMPACT RANGE

COLLISION
REGION

O WN =

Towm

FOR 45° FROM REAR COLLISION INTO B-52

FUEL SPILL LOCATIONS

R4 x C-21/C20
R2/R3/R4/R5 x C-13/C-22/C-31
F1/F2 x R1/R2/R3/R4/R5 x C03/C15
L5 x R1/R2/R3/R4/R5 x F1/F2/F3/F4
R1/R2/R3/R4/R5 x F2/F3/F4/F5 x L5
R1/R2/R3/R4/R5 x F2/F3/F4/F5

x C-18/C-29/C010

F2/F3/F4/F5 x R2/R3 x C-18/C-19 x R5

F4/F5 x L2/L3 x C-19/C-29/C-310
L3/L4/L5 x C-36/C-46/C-47

L4/L5 x C-47/C-57/C-56/C-66

L5 x C-49

FUEL SPILL
RATE
CATEGORIES

2x2

2x2
2x3x2
1x3x3
3x2x1
3x3x2

3x2x2x1
3x2x2
3x3
2x2
1x1

B. COLLISION IN MEDIUM SPEED IMPACT RANGE

g N RN IONG IS S SIS

C. COLLISION IN LOW SPEED IMPACT RANGE

To0weNOO AW

R4 x C-13/C-12/C-22
R2/R3/R4/R5 x C15/C04
R2/R3/R4/R5 x C15/C26
R2/R3/R4/R5 x F2/F3/F4
R2/R3/R4/R5 x F2/F3/F4
R1/R2/R3/R4/R5 x F2/F3/F4/F5 x C19
F2/F3/F4/F5 x R2ZR3 x C-19
F4/F5 x L2/L3 x C-110/C-19
L3/L4/L5 x C-18

L4/L5 x C-48/C-47/C-57

L5 x C-57/C-66/C-75

R4 x C26/C15/C04

R4/R5 x C37/C26
R3/R4/R5 x C26/C37
R3/R4/R5

R2/R3/R4/R5 x F3
R2/R3/R4/R5 x F2/F3/F4 x C010
F3/F4/F5 x R3 x C09/C010
F4/F5x C010

L4/L5 x C010/C-19/C-29
L5 x C-29/C-39

L5 x C-48/C-57/C-66

D-23

2x1
2x2
3x2
2x1
3x2
3x2x2
3x2x2
3x1x2
2x2
1x2
1x1

1x1
2x1
2x2

3x1
3x2x2
2x1x2
2x1
1x2
1x2
1x1

FUEL SPILL LOCATIONS, RATES AND PROBABILITIES

RELATIVE
PROBABILITY

017164
.047015
071642
029104
.031343
.038806

044776
046269
055970
061194
.056716

.008582
.023507
.035821
.014552
015672
.019403
.022388
023134
.027985
.030597
.028358

.008582
023507
.035821
014552
.015672
.019403
.022388
023134
.027985
.030597
.028358



TABLE D-3c.

FOR BROADSIDE COLLISION INTO B-52

A. COLLISION IN HIGH SPEED IMPACT RANGE

COLLISION
REGION

FUEL SPILL LOCATIONS

None
F1 x C-73/C-63/C-53/C-84/C-74/C-75/C-64/C-55
F1/F2 x R1/R2 x C-54/C-44/C-34/C-24/C-43/C-33
F1/F2 x RZR3/R4

x C15/C04/C-13/C-14/C-23/C-33/C-24/C-34
F1 x R1/R2 x R4/R5 x C14/C15/C04/C-13
F1 x R1/R2/R3/R4 x C18/C16/C15/C14
L5 x R1/R2/R3/R4 x F1/F2/F3/F4
LS5 x F2/F3/F4 x R3/R4 x C29/C18
R2/R3/R4/RS x F4/F5 x C19/C29
R3/R4/R5 x F5 x C010/C110/C-110
FS x R4/R5 x C-510/C-410/C-310
C-811/C-711/C-611/C-511

. COLLISION IN MEDIUM SPEED IMPACT RANGE

C-43/C-53/C-63/C-73
F1 x C-44/C-34/C-24/C-54/C-45/C-35
F1/F2 x R1/R2 x C-23/C-24/C-13/C-14
F1/F2 x R2ZR3/R4

x C15/C25/C04/C-13/C-14/C-24
F1 x RZR3 x R4 x C15/C26/C04/C25
F1 x R2/R3/R4 x C15/C16/C26
R2/R3/R4 x F1/F2
R2/R3/R4/R5 x F2/F3/F4
R3/R4/R5 x F4/F5 x C29/C39
R3/R4/R5 x C19/C110/C010
R4/R5 x C-210/C-110
C-411/C-311

D-24

FUEL SPILL
RATE

CATEGORIES

3
2x3
2x3x3

3x2x3

3x2x1x3
3x2x%x2
1x3x2

1x3x3x1
2x3x1
2x2x2
1x1x3

2

2
1x2
1x2x3

3x2x3
2x2x1x3
3x2x2
3x2
3x2
3x2x2
2x2
1x3
2

FUEL SPILL LOCATIONS, RATES AND PROBABILITIES

RELATIVE
PROBABILITY

.025788
.038682
.030802

.020057
.038682
027221
.030086
051576
055874
054441
059456
.067335

012894
019341
015401

010029
019341
013610
015043
025788
027937
027221
029728
.033668
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C. COLLISION IN LOW SPEED IMPACT RANGE

C04/C-14/C-24/C-34

F1 x C-23/C-24/C-13/C-14/C-25
F1 x R1/R2 x C15/C04/C-14
F1/F2 x R2/R3/R4 x C26/C15/C04
F1 x R2 x R4 x C26/C37

F1 x R3/R4 x C25/C26

R3/R4 x F1/F2

R2/R3/R4/R5

R2/R3/R4

R2/R3/R4 x C19/C29/C39
R4/R5 x C09/C010/C-110
C010/C-111/C-211

D-25

1x1
1x2x2
2x1x2
1x2x1x2
2x2x2
2x1

2x2
1x2

.012894
019341
.015401
.010029
019341
013610
015043
025788
027937
027221
029728
.033668



TABLE D-3d.

FOR 45° FROM FRCNT COLLISION INTO B-52

A. COLLISION IN HIGH SPEED IMPACT RANGE

COILISION
REGION

OCONOODWN - QNN DL WN =

CONOOHEWN =

FUEL SPILL LOCATIONS

L2/L4 x C-59/C-610/C-711

L2/L4 x C-69/C-710

F1 x L2/L3/L4 x C-36/C-37/C-47

F1/F2/F3 x L1/L2/L3/L4/L5 x C-27/C-37
F1/F2/F3/F4 x R1/R2/R3/R4 x L1/L2 x C04
R2/R3/R4/R5 x F4/F5 x C19/C29/C310 x L4/L5
R1/R2/R3/R4/R5 x C18/C19 x F4/F5

R3/R4/R5 x C011/C-112/C-113/C-213

R4/R5

. COLLISION IN MEDIUM SPEED IMPACT RANGE

L2 x C-26/C-47/C-48

LYL4 x C-26/C-37/C-47

F1x L213/L4 x G-15/C-26

F1/F2 x L2.3 x C-16/C-26
F1/F2/F3 x L1/L"/L.3/L4 x C04
R2/R3/R4/R5 x F4/F5 x C29/C39
R1/R2/R3 x C18/C29/C39 x F5
R4/RS x C110/C111/C010/C011
R4/RS x C011/C012/C-113/C-114

- COLLISION IN LOW SPEED IMPACT RANGE

L2 x C04/C-15

L2 x C04/C-25

L2/L3 x C04/C-15

F1/F2 x C04

F1/F2/F3 x RZ/R3

R2/R3 x R4/R5

R3/R4/R5

R3/R4/R5 x C39/C310/C29/C210
R4/R5 x C39/C310/C210/C211

D-26

FUEL SPILL
RATE
CATEGORIES

2x1
2x1
1x3x3
3x3x2
3x3x1x2
3x3x2x1
3x2x1
2x2
2

1x1
2x1
1x2x3
3x2x2
2x2x1
3x2x1
2x2x1
2x2
2x2

1x1
1x1
1x2
2x1
2x1
3x2

2x2
1x1

FUEL SPILL LOCATIONS, RATES AND PROBABILITIES

RELATIVE
PROBABILITY

.037879
.031818
.046970
.057576
.065152
.068182
.075758
.054545
.062121

.018939
.015909
.023485
028788
.032576
.034091
.037879
027273
.031061

.018939
.015909
.023485
.028788
032576
.034091
.037879
027273
.031061



TABLE D-4a. FUEL SPILL LOCATIONS, RATES AND PROBABILITIES
FOR DIRECT REAR COLLISION INTO B-1B

A. COLLISION IN HIGH SPEED IMPACT RANGE

COLLISION
REGION FUEL SPILL LOCATIONS
1 R5
c R4/R5
3 R3/R4/R5
4 R2/R3/R4/R5
5 R1/R2/R3 x R4/R5
6 R1/R2 x R3/R4/R5 x F5/F6
7 R1/R2/R3/R4/R5 x F4/F5/F6
8 R1/R2/R3/R4/R5 x F2/F3/F4/F5/F6 x C14/C33
9 R1/R2/R3/R4/R5 x F2/F3/F4/F5/F6
x C-15/C15/C35/C36/C46
10 L1/L2/L.3/L4/L5 x F2/F3/F4/F5/F6
x C15/C-15/C-35/C-36/C-46
11 L1/L2/L3/L4/L5 x F2/F3/F4/F5/F6 x C-14/C-13
12 L1/L2/L.3/L4/L5 x F4/F5/F6
13 L1/L2 x L3/L4/L5 x F5/+6
14 L1/L2/L2 x L4/LS
15 L2/L3/L4/L5
16 L3/L4/LS
17 L4/L5
18 L5

B. COLLISION IN MEDIUM SPEED IMPACT RANGE

1 RS
2 R4/R5
3 R3/R4/R5
4 R2/R3/R4/R5
5 R1/R2 x R3/R4/R5 x C23/C24 x C32/C33/C43
6 R2/R3/R4/R5 x F5/F6
x C14/C15/C16/C23/C24/C25
7 R2/R3/R4/R5 x F5/F6
x C14/C15/C16/C23/C24/C25
8 R2/R3/R4 x F3/F4/F5
¥ C-19/C04/C18/C27/C08/C17/C26
9 R1/R2 x F3/F4,F5/F6 x C-19/C09/C19/C08/C18
10 L1/L2 x F3/F4/F5/56 x C19/C09/C-19/C08/C-18
1 L2/L3/L4 x F3/F4/F5

x C19/C09/C-18/C-27/C08/C-19/C-26

D-27

FUEL SPILL
RATE
CATEGORIES

-t ed b

1x3
1x3x1

2x1
2x2x3

3x3x3

3x3x3

2x2x3
2x1

1x3x1
1x3

— b

—t b

1
1x2x1x2

2x1x2
2x1x2
2x2x2
2x2x2
2x2x2

2x2x2

RELATIVE
PROBABILITY

.015576
017912
017912
017912
024922
031153
.023364
054517

046729

046729
054517
023364
031153
024922
017912
017912
017912
015576

.007788
.008956
.008956
008956
012461

015576
011682
027259
.023364
.023364

027259
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13

14
15
16
17
18
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L2/L3/L4/LS x F5/F6

x C-14/C-15/C-16/C-23/C-24/C-25 2x1x2
L2/L3/L4/LS x F5/F6

x C-14/C-15/C-16/C-23/C-24/C-25 2x1x2
L1/L2 x L3/L4/L5 x C-23/C-24 x C-32/C-33/C-43 1x2x1x2
L2/L3/L4/L5 1
L3/L4/LS 1
L4/L5E 1
LS 1

C. COLLISION IN LOW SPEED IMPACT RANGE

R5 x C36/C37 1x1
R4/R5 x C36/C37 1x1
R3/R4/R5 x C26/C27/C36/C37 1x1
R2/R3/R4/R5 x C27/C28/C37/C38 1x1
R1/R2/R3 x R4/R5 x C19/C26/C27/C28 1x2x1
R1/R2 x R3/R4/R5 x F5/F6

x C17/C18/C27/C28/C35 1x2x1x2
R1/R2 x R3/R4/RS x F5/F6

x C17/C18/C27/C28/C36 1x2x1x2
R2/R3/R4 x F4/F5 x C-19/C09/C19 2x1x2
R1/R2 x F2/F3/F4 x C-110/C010/C110 2x2x1
L1/L2 x F2/F3/F4 x C110/C010/C-110 2x2x1
L2/L3/L4 x F4/F5 x C19/C09/C-19 2x1x2
L1/L2/x L3/L4/L5 x F5/F6

x C-17/C-18/C-27/C-28/C-36 1x2x1x2
L1/L2 x L3/L4/L5 x F5/F6

x C-17/C-18/C-27/C-28/C-36 1x2x1x2
L1/L2/L3 x L4/L5 x C-19/C-26/C-27/C-28 1x2x1
L2/L3/L4/L5 x C-27/C-28/C-37/C-38 1x1
L3/L4/L5 x C-26/C-27/C-36/C-37 1x1
L4/L5 x C-36/C-37 1x1
LS x C-36/C-37 1x1

D-28

011682

015576
012461
.008956
.008956
.008956
.007788

.007788
.008956
.008956
.008956
012461

015576

011682
027259
023364
.023364
027259

011682

015576
012461
.008956
.008956
.008956
.007788



TABLE D-4b.

A. COLLISION IN HIGH SPEED IMPACT RANGE

COLLISION
REGION

OCONOOTHEWN =
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B. COLLISION IN MEDIUM SPEED IMPACT RANGE

OO U DN RO ADSOONONARWN

FOR 45° FROM REAR COLLISION INTO B-1B

FUEL SPILL LOCATIONS

None

R5

R4/R5

R3/R4/R5

R2/R3/R4/R5

R1/R2/R3/R4/RS x F1
R3/R4/R5 x F1 x C-23/C-22/C-32
R1/R2/R3/R4/R5 x F1/F2/F3/F4 x C16/C17
R3/R4/R5 x F1/F2F3/F4 x C16/C17/C18
R1/R2/R3 x F1/F2/F3/F4 x C19

R4/R5 x F3/F4 x F5/F6

R1/R2 x F2/F3/F4/F5/F6

F6 x F4/F5 x L3/L4/L5 x C-19/C-29
F5/F6 x L4/L5 x C-29/C-210/C-39/C-310
F5/F6 x L4/L5 x C-46/C-47/C-56/C-57
F5/F6 x L3/L4/L5S

F6 x L4/L5S

L4/L5S

LS

C-14/C-23/C-32

RS x C04/C-13/C-22

R4/R5 x C04/C-13/C-22

R3/R4/R5 x C04/C-13/C-22

R2/R3/R4/R5 x C-23/C-13/C-14/C05
R1/R2/R3/R4/R5 x F1 x C04/C05/C-13/C-14
R3/R4/R5 x F1 x C04/C05/C-14
R1/R2/R3/R4/R5 x F1 x C16/C17/C15/C05
R3/R4/R5 x F1/F2/F3/F4 x C16

R1/R2/R3 x F1/F2/F3/F4

R4/R5 x F3/F4 x F5/F6

R4/R5 x F3/F4/F5/F6

F6 x F4/F5 x L3/L4/L5

F5/F6 x L4/LS x C-19/C-110

F5/F6 x L4/L5 x C-29/C-39

F5/F6 x L3/L4/L5 x C-19/C-29/C-39

L4/L5 x C-47/C-57

L4/L5 x C-47/C-57

LS x C-55
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FUEL SPILL
RATE
CATEGORIES

e e e e 3

1
1x1
2x1x2
3x2x3
2x2x2
3x3x2
3x3x3
3x3
2x2x1x3
2x2x3
2x2x2
1x2
1x1
1
1

1x1
1x1
1x1
1x1
1x1x1
2x1x2
3x1x2
2x2x2
2x3
3x3x2
3x3
1x3x1
2x1x2
2x2x2
1Tx2x1
1x1
1x1
1x1

FUEL SPILL LOCATIONS, RATES AND PROBABILITIES

RELATIVE
PROBABILITY

023810
012755
012755
012755
.012755
.022959
.033163
.033163
.036565
.036565
029762
029762
.027211
030612
.030612
.038265
025510
025510
025510

011905
.006378
.006378
.006378
006378
011480
.016582
016582
018282
018282
014881
014881
013605
.015306
.015306
019133
012755
012755
012755
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C. COLLISION IN LOW SPEED IMPACT RANGE

co4

R5 x C27/C16/C05

R4/R5 x C27/C16/C05

R3/R4/R5 x C17/C27/C16/C05
R2/R3/R4/R5 x C17/C27/C16/C05
R1/R2/R3/R5/R5 x F1 x C06/C16/C17/C27
R3/R4/R5 x F1 x C16/C17/C27
R1/R2/R3/R4/R5 x F1 x C18/C28/C29
R3/R4/R5 x F1

R1/R2/R3 x F1/F2

F3/F4 x F5

R4/R5 x F5/F6

F6 x F4/F5 x L3/L4/L5S

F5/F6 x L4/L5

F5/F6 x L4/L5

F5/F6 x L4/L5 x C-19

L5 x C-19

L4/L5 x C-19

L5 x C-47/C-56
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1x1
1x1
1x1
1x1
Tx1x1
2x1x1
3x1x2
1x1
2x1
1x2
2x1
1x2x1
2x1
2x1
2x1x1
1x1
1x1
1x1

001905
006378
006378
006378
006378
.011480
016582
016582
018282
018282
014881
014881
013605
018306
015306
019133
012755
012755
012755



TABLE D-4c.

FOR BROADSIDE COLLISION INTO B-1B

A. COLLISION IN HIGH SPEED IMPACT RANGE

COLLISION
REGION

PO MO0 NOGI AWM

oooNoOnNdwWwN -

FUEL SPILL LOCATIONS

C's only (Out of Exposure Range)

F1 x C's (Out of Exposure Range)

F1 x C-55/C-56

F1 x C-45/C-55/C-46

F1/F2 x R2/R3/R4/R5 x C-24/C-25/C-16/C-34/C-15
F1/F2/F3 x R1/R2/R3/R4/R5 x C-16/C-17/C05
F1/F2/F3/F4/F5 x R1/R2/R3/R4/R5 x C05
F2/F3/F4/F5/F6 x R1/R2/R3/R4/R5 x LS
F2/F3/F4/F5/F6 x R1/R2/R3/R4/R5 x L5
F4/F5/F6 x R1/R2/R3/R4/R5 x C-19

F4/F5/F6 x R3/R4/R5 x C-19/C-110/C-29/C-210
F5/F6 x R3/R4/R5 x C-29/C-39/C-310/C-410
F5/F6 x C-610/C-611

F6

. COLLISION IN MEDIUM SPEED IMPACT RANGE

C-45/C-55

F1 x C-45/C-55

F1 x C-36/C-35/C-45/C-55

F1 x C-25/C-26/C-35/C-36/C-45
F1/F2 x R1/R2/R3/R4/R5

F1/F2/F3 x R1/R2/R3/R4/R5 x C05
F1/F2/F3 x R1/R2/R3/R4/R5 x C05
F2/F3/F4/F5 x R1/R2/R3/R4/R5 x LS
F2/F3/F4/F5 x R1/R2/R3/R4/R5 x LS
F4/F5/F6 x R2ZR3/R4/R5

F4/F5/F6 x RZR3/R4/R5 x C-19/C-110
F5/F6 x R3/R4/R5 x C-19/C-29/C-210
F5/F6 x C-39/C-310/C-49/C-410

F6 x C-410/C-510
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FUEL SPILL
RATE
CATEGORIES

1
1
1x3
1x3
1x2x3
3x2x2
3x2x1
3x2x1
3x2x1
3x2x2
3x1x3
2x1x2
1x1

1x2
1x3
1x3
3x1
3x2x1
3x2x1
2x2x1
2x2x1
2x2
3x1x2
2x1x2
1x1
1x1

FUEL SPILL LOCATIONS, RATES AND PROBABILITIES

RELATIVE
PROBABILITY

.046926
.024272
024272
024272
.051780
.048544
028317
.040453
.040453
.040453
.029935
.051780
019417
.029126

.023463
012136
012136
.012136
.025890
024272
.014159
.020227
.020227
.020227
014968
.025890
.009709
.014563
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C. COLLISION IN LOW SPEED IMPACT RANGE

C-15/C-25/C-35/C-45
C-15/C-25/C-35/C-45

F1 x C-14/C-15/C-24/C-25

F1 x C-15/C-25

F1/F2 x R2ZR3/R4/RS

F1/F2 x R1/R2/R3/R4/R5

F1/F2/F3 x R1/R2Z/R3/R4/R5

F2/F3 x R2ZR3/R4/R5
F3/F4/F5 x RZR3/R4/R5

F5/F6 x R3/R4/R5

F5/F6 x R2/R3/R4/R5

F5/F6 x R4/R5 x C-110/C-111 x C19
F5/F6 x C-19/C-110/C-29/C-210/C-39/C-310
F6 x C-110/C-210/C-310
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1
2
1x2
1x2
3x1
3x2
2x1
2x1
2x1
2x1
3x1
2x1x1x1
1x1
1x1

023463
012136
012136
012136
025890
024272
014159
.020227
020227
020227
014968
025890
009709
014563



TABLE D-4d. FUEL SPILL LOCATIONS, RATES AND PROBABILITIES
FOR 45° FROM FRONT COLLISION INTO B-1B

A. COLLISION IN HIGH SPEED IMPACT RANGE

COLLISION FUEL SPILL RELATIVE
REGION FUEL SPILL LOCATIONS RATE PROBABILITY
CATEGORIES
1 C-59/C-610/C-711/C-812 1 044369
2 F1/F2 x L4/L5 x C-48/C-49/C-510/C-611 1x1x2 025597
3 F1/F2 x L4/L5 x C-39/C-49/C-510 2x1x2 .029010
4 F1/F2/F3 x L2/L3/L4/L5 x C-27/C-38/C-48/C-59 2x2x3 .032423
5 F1/F2/F3 x L1/L2/L3/L4 x C-29/C-39 2x3x3 .013652
6 F1/F2/F3/F4 x L1/L2/L3/L4/L5 x R1 Ix2x2x2 068259
x C-48/C-49/C-39
7 F1/F2/F3/F4/ x R1/R2/R3/R4 x L1 x C05/C-16 3x3x1x3 .039249
8 R1/R2/R3/R4/R5 x F2/F3/F4/F5 x L1/L2/L3 3x2x3 .046075
9 R1/R2/R3/R4/R5 x F3/F4/F5/F6 x L5 x C110 3x3x1x1 .058020
10 R1/R2/R3/R4/R5 x F4/F5 x C011/C-112 2x1x2 .044369
11 R3/R4/R5 x C-213/C-314 2x3 .023891
12 R3/R4/R5 x C-213/C-314 2x2 075085

B. COLLISION IN MEDIUM SPEED IMPACT RANGE

1 C-27/C-37/C-48/C-38/C-59/C-49 1 022184
2 F1/F2 x L4/L5 x C-38/C-27 1x1x1 .012799
3 F1/F2 x C-16/C-27/C-43 2x 2 .014505
4 F1/F2/F3 x L1/L2/L3/L4 x C-27/C-17 2x3x3 016212
5 F1/F2/F3 x L1/L2/L3 x C-16/C-16/C-27 2x3x3 .006826
6 F1/F2/F3/F4 x R1 x L1/L2/L3/L4 x C-16/C-26 2x2x2x2 034130
7 F1/F2/F3/F4 x R1/R2/R3/R4 x L1 x C05 3x2x1x2 019625
8 R1/R2/R3/R4/R5 x F2/F3/F4/F5 x C-16 3x2x2 .023038
9 R1/R2/R3/R4/R5 x F3/F4/F5 x C29/C39 2x2x2 .029010
10 R2/R3/R4/R5 x F5 x C19/C110 2x1x2 .022184
1 R4/R5x C011/C-112/C-113 2x 2 011945
12 R3/R4/R5 x C011/C-112 1x2 .037543
C. COLLISION IN LOW SPEED IMPACT RANGE
1 C05/C-16/C-26 1 022184
2 F1x L5x C-16/C-26 Tx1x1 012799
3 F1 x C-16/C-17 1x2 014505
4 F1/F2 x L3/L4 x C05/C-16/C-17 3x1x1 016212
5 F1/F2 x C05/C-16 1x2 .006826
6 F1/F2/F3 x R1 x C04/C05 2x1x2 .034130
7 F1/F2/F3 x R1/R2/R3 x C05 2x1x2 .019625
8 R1/R2/R3/R4/R5 x F3/F4 x F1 2x1x2 .023038
9 R2/R3/R4/R5 x C05 2x 1 028010
10 R3/R4/R5 x C19 2x2 022184
1 R4/R5 x C29/C110 2x2 .011945
12 R3/R4/R5 x C29/C110 1x1 .037543
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Appendix E
COMPUTER PROGRAM: LISTING, EXPLANATION, USER
INSTRUCTION AND EXAMPLE OUTPUT

The computer program called "TPROB6" was developed to evaluate the
probability of cargo (weapon) exposure to given flame temperatures (program
language FORTRAN 77L). The details and use of TPROB6 are described in
Appendix E. A listing of TPROB6 which includes program line numbers is
given below, and the discussion throughout Appendix E makes frequent
reference to the program in terms of line numbers and statement number; a

readily accessible copy of the program listing will facilitate comprehensive
reading of Appendix E.

Four output files created by the program and a summary of the required
input to the program are described in the first 71 lines of the program listing.
The first output file, named "PROBOUT," provides a self-explanatory summary
of results; two examples of the PROBOUT file are given on Figure E-6. The
remaining three output files are number files of results, and are generated for
convenience of plotting; the details of these files are described on lines 8 through
25 of the program listing.

Data is input into the program in two ways, by program calling of number
data files, and as a number in various statements of the program. The input
number files that must be available for call by the program are:

(1), the flame temperature files, which give the time-average temperature
vs location in the fire for various wind speeds and fuel spill rates,

(2), the weather files for each of the twelve air bases, which give the
relative probability that an accident will occur at a given time of day with
given wind speeds and given wind directions, and

(3), the fuel spill location/rate/probability distribution files for various
collision angles into the B-1B and the B-52, and for engine start accidents.

These files are described in detail below and in lines 27 through 71 of the
program.

All other data required is input as a number in various statements of the
program and specifically within a program section identified in the program as
"INPUT DATA." This input data establishes the conditions of the accident to be
evaluated, including the air base of interest, ground vs collision accident,
parking directions of alert aircraft, location of cargo (weapon), and so on. The
INPUT DATA section of the program is on lines 83 through 187 of the program,
and the comments in this program section explain the meaning of each input.
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The program always evaluates the probability that the exposure will exceed
given temperatures for two accident cases, where the two cases may differ in any
one of or any combination of the following three ways: (1), in the pointing
direction of the alert aircraft, (2), for collision accidents, in the angle of collision
into the alert aircraft (broadside, rear-end, etc.), and (3), for collision accidents,
in that one case may be a collision into an alert aircraft by a landing aircraft, the
other by an aircraft on take-off. (The two cases are always for the same air base
and same type of alert aircraft, and both are for a ground accident or a collision
accident.) Thus, input data in the INPUT DATA section will often require data
input pairs corresponding to the conditions of the first and second cases to be
evaluated, and the program (and summary output file) will often refer to the
first and second accident cases.

Once the probability that exposure will exceed given temperatures is
evaluated for each of the two accident cases, these probabilities are statistically
weighted to provide an gverall probability that the exposure will exceed given
temperatures. The informatior required for statistical weighting (also input in
the INPUT DATA section) is the ratio of landing to take-off collisions that result
in fires for the collision accidents (input as RLTO in the INPUT DATA section),
and is the number of alert aircraft pointed in each of the two directions for

ground accidents (input as values for NLA and NTA in the INPUT DATA
section).

As described on lines 112 through 141, the values assigned for NLANDT and
NLAND?2 establish whether the evaluation is for the ground accident or collision
accident, and if it is a collision accident, whether the two cases are both for
landing collisions, both for take-off collisions, or a mixture (the mixture is
usually the pair of interest). It should be recognized that there are wind
directions that are excluded in a landing collision accident case or a take-off
collision case; the reason for these excluded directions is explained early in
Section 3.4. The program automatically makes these exclusions once the air base
and landing or take-off collision has been designated. Input related to fuel spill
distribution is described and values are assigned on lines 155 through 183. The
spill related values to be assigned for the first accident case are NDISTR,
NSPTOT, NSINGL, NDOUBL and NTRIPL, and correspondingly for the second
case accident are NDIST2, NSPTO2, NSING2, NDOUB2 and NTRIP2. The
meaning of these input parameters is also given on lines 155 through 183. These
input parameters depend on the type of accident (ground vs collision), type of
alert aircraft, and for collision accidents on the angle of collision; values for these
parameters are given in Table E-1. By way of example, suppose that the first

E-2



accident case of interest is a broadside collision into a B-1B; then from Table E-1,
the assigned values would be: NDISTR =5, NSINGL = 11, NDOUBL = 291,
NTRIPL = 1152, and NSPTOT = 1184.*

TABLE E-1. Fuel Spill Distribution Data Required for Operation of
TPROB6 Program

(a) B-1B Collision Accident

DIRECTION
ALERT AIRCRAFT
IMPACTED
ROM
45 deg 45 deg
INPUT DIRECT FROM FROM
DESIGNATION REAR REAR BROADSIDE FRONT

DISTRIBUTION #; 3 4 5 6
NDISTR or NDIST2 =

NUMBER OF SINGLE
SPILL LOCATION CASES:; 40 10 11 12
NSINGL or NSING2 =

SUM OF NUMBER OF SINGLE
AND DOUBLE SPILL
LOCATION CASES; 196 292 291 118

NDOUBL or NDOUB2 =

SUM OF NUMBER OF
SINGLE, DOUBLE AND
TRIPLE SPILL LOCATION 2206 1168 1152 1126
CASES;
NTRIPL or NTRIP2 =

TOTAL NUMBER OF CASES;
NSPTOT or NSPTO2 = 2998 1216 1184 1766

*  For a given selection for the value of the distribution number NDISTR, the four

associated values of NSINGL, NDOUBL, NTRIPL and NSPTOT are inherently established, as
specified in Table E-1. The program could thereby have been written to reduce the input burden
by automatic assignment of the four associated values. However, circumstances frequently
occurred throughout the project where the flexibility of manipulating distributions was
desirable, and this program flexibility has been retained.
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TABLE E-1 (b). B-52 Collision Accident

DIRECTION ALERT
AIRCRAFT
IMPACTED

FROM
45 deg 45 deg

INPUT DIRECT FROM FROM
DESIGNATION REAR REAR BROADSIDE FRONT

DISTRIBUTION #; 8 9 10 1A
NDISTR or NDIST2 =

NUMBER OF SINGLE SPILL
LOCATION CASES; 6 3 21 5
NSINGL or NSING2 =

SUM OF NUMBER OF
SINGLE AND DOUBLE SPILL

LOCATION CASES; 550 237 159 179
NDOUBL or NDOUB2 =

SUM OF NUMBER OF
SINGLE, DOUBLE AND
TRIPLE SPILL 1534 795 867 509
LOCATION CASES;
NTRIPL or NTRIP2 =

TOTAL NUMBER OF
CASES; 2718 859 1019 829

NSPTOT or NSPTO2 =
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TABLE E-1 (¢). Ground Accident

TYPE OF
ALERT AIRCRAFT B8-18 B-52
INPUT
DESIGNATION
DISTRIBUTION #; NDISTR or NDIST2 = 12 13

NUMBER OF SINGLE SPILL LOCATION _
CASES; 4 4
NSINGL or NSING2 =

SUM OF NUMBER OF SINGLE AND
DOUBLE SPILL -
LOCATION CASES; NDOUBL or NDOUB2 =

SUM OF NUMBER OF SINGLE,DOUBLE
AND TRIPLE SPILL LOCATION CASES; -ee -
NTRIPL OR NTRIP2 =

TOTAL NUMBER OF CASES; 4 .4
NSPTOT or NSPTO2 =

For collision accidents, it must also be specified in the input (see lines 176
through 183) whether the collision is on the right or left (or rear) of the alert
aircraft (LEFTRI and LEFTR2). The fuel location/rate/probability distributions
were developed on the basis of collisions on the right side (and rear) of the alert
aircraft. For an equivalent angle from the rear, the distributions for a collision
from the left are the same as those for the right except that the X coordinate
value of the spill location differs in sign. The program automatically converts
the sign of the X coordinate value when a left side collision is specified
(conversion at lines 858 through 863).

In the next stage of the program, appropriate temperature and weather
number files are opened and read into the program (lines 305 through 464).
Temperatures are read into the program as subscripted (integer) variables,
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NT#(I), where the # corresponds to the test numbers (3, 4, 6, 7, 8 or 9) and each I
corresponds to a different location in the fire.

Regarding weather files, the relative probabilities of an accident at a given time
of day, at a given wind speed and at a given wind direction are read in (lines 365
through 464) as the subscripted variable PW(I), where I corresponds to a given
time/speed/direction combination. The weather probability distribution file is
opened and read in only for the air base of interest (the air base assigned at line
111). The organization of the weather files is described in lines 58 through 71 of
the program (and in Appendix C).

It was mentioned above that for collision accidents, only wind directions
which have a component of air flow opposing the motion of the aircraft landing
or taking-off are included in the calculation. It is then necessary to identify
angles that are perpendicular to the runway, and this is done on lines 466
through 480. This is evaluated from the value of "ANGLRW," which is defined
as the direction of motion of an aircraft landing on the alert pad end of the
runway; ANGLRW depends solely on the selection of airbase, and it's value is
automatically assigned at lines 365 through 464 when the weather data file for
the selected base is opened and read in. It can be seen in line 466 through 480
that the angles perpendicular to the runway are determined in terms of the angle
clockwise of ANGLRW divided by 10, "NCW," and the angle counter clockwise
of ANGLRW divided by 10, "NCC." NCW and NCC are then applied later in

the program when wind direction restrictions are imposed for collision
accidents.

The program next evaluates (lines 490 through 518) what is called the "cargo
(or weapon) volume of analysis," which simply identifies the location of the
weapon "volume" in the aircraft coordinate system (the coordinate system
attached to the alert aircraft). This volume location then depends on the selected
height and horizontal position of the weapon, weapon length, and the selected
weapon bay in the case of the B-1B (see weapon input data on lines 87 through
95). From lines 515 through 518 it can be seen that the width of the volume of
analysis (X coordinate dimension) is always 2.5 feet, extending 1.25 feet in either
X direction from the selected position of the axis of the weapon (axis position
selected on lines 92/93). The diameter of all weapons considered is less than 2.5
feet, and a 2.5 foot minimum width dimension was chosen to insure that the
volume of analysis encompasses one or more temperature data locations (recall
that temperature data is arranged over horizontal girds with 2.5 foot spacing).
For similar reasons, the volume of analysis is 2.5 feet longer than the actual input
length of the weapon (1.25 feet is added to each end at lines 503/504). With
regard to the vertical dimensions, the temperature data is given at the heights of
1, 4, 7 and 10 feet, and the temperature data used is for the height that most
nearly approaches the input weapon height (see lines 505 through 514). Later in
Appendix E, it will be seen that the flame exposure analysis will involve a
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transformation of the location of the volume in the aircraft coordinate system to
the so called fire coordinate system for each set of conditions considered (each
winc speed, wind direction, etc.).

It was explained above that the program always evaluates two accident cases.
After the first accident case has been evzluated, input conditions for evaluating
the second case are automatically assigned, and program control is returned to
statement 860 (line 522) for evaluation of the second case. The value of NDEC,
first assigned the value of 1 at line 520, controls whether the program is
evaluating the first or second case accident. After the first case accident has been
evaluated, NDEC is assigned the value of 2 at statement 873 (line 1588).

It is noted that the integer variables "LL" and "KK" are assigned an initial
value of 1 at lines 551 and 552, respectively. It will be seen below that these two
variables are used as counters to control the number of cycles in the two major
calculational loops. LL is the counter for the weather variation loop, and KK for
the fuel spill location/rate variation loop.

T e program next opens and reads in the appropriate set of fuel spill
Aistribition files (lines 555 through 856), where a set comprises the four files
AXCR#, YCR#, NRATE# and PRF#. The symbol "#" takes on the assigned value of
NDISTR, where the value of NDISTR specifies the type of accident; for example,
a B-52 ground accident (NDISTR = 13), a broadside collision into a B-1B
(NDISTR = 5), and so on. The correspondence between the type of accident and
the NDISTR value is given on lines 555 through 630. The values in the XCR# and
YCR# files represent, respectively, the X and Y coordinate values of spill
locati~ns in the aircraft coordinate system (in feet). The values in the NRATE#
file are 1, 2 or 3 corresponding to the fuel spill rate of 0 to 225 gpm, 225 to 45
gpm, or greater than 450 gpm, respectively. Values in the PRF# files represent
the relative probability that a fuel spill will occur at a given (X, Y) coordinate
location within a given spill rate range. Each of the four files is a one-
dimeswional file, that is, there is one value per file line. The fil«s are arranged so
that the probability value on a given line of the PRF# file corzesponds to the
probability that a spill will occur at the (X, Y) location given on the same line of
the XCR# and YCR# files and at the rate given on the same line of the NRATE#
tile. Thus, the four files for a given "#" value (given type of accident) must be
equal in length (the same number of file lines), but the file lengths will vary with
the value of "#". The values in the four files XCR#, YCR#, NRATE# and PRF# are
read into the program (lines 652 through 856) as the subscripted variables
XCOORD (I), YCOORD (I), NSR (I) and PFS (I), respectively, where I ranges
from 1 to the total number of spills involved for the particular type of accident,
NSPTOT.

The main calculational loop commences at statement 206 (line 875), and an
internal I op at statement 250 (line 955); a highly abbreviated block diagram of
these loops is shown in Figure E-1. Starting at statement 206, the mathematics is
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;
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i.e., P(T) = P() + PW(LL) *

DETERMINE NEW PROBABILITY OF EXPOSURE
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Figure E-1
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set-up for the current wind speed and wind directions according to the current
value of LL. Then the mathematics is set-up for the current fuel spill
location/rate according to the current value of KK. On the basis of the current
wind condition/fuel spill condition combination, the temperatures at various
locations within the weapon volume are determined. The maximum from
among these temperatures, TD, is then determined. The particular temperature
range that the current TD falls within is now identified; specifically, a value for
"I" is determined, where I=1 for TD< 475°F, I=2 for 475°F<TD<525°F, I=3 for
525°F<TD<575°F, « « « + « «, I=40 for TD>2375°F. Subsequently, the contribution
for the current wind/spill condition combination to the probability of weapon
exposure, P(I), to the temperature range associated with I, is evaluated. For
example, if TD was within the temperature range 525 to 575°F, then the
probability of exposure to this temperature range, P(3), would be increased by
the probability of the current wind/spill combination,
PW(LL) * PFS(KK). The value of KK is now increased by 1. If not all of the spill
location/rate combinations have been considered (if KK < NSPTOT, the total
number of spill combinations), program control will be returned to statement
250, and the evaluation will be repeated for the next spill combination (but with
the same wind conditions). When KK eventually exceeds NSPTOT, the value of
LL is increased by 1. If not all wind condition combinations have been
considered (if LL < 432), KK will be set to 1, and program control returned to
statement 206 where the mathematics of the next wind condition combination
will be set up. When the value of LL eventually exceeds 432, the probability that
the exposure will exceed a given temperature, PE(I), is evaluated from the
probability of exposure to a given temperature, P(I). The above program
organization is given in greater detail later.

The discussion returns now to the start of the calculational loops for a more
detailed description of the program. At statement 206 (line 875), the wind speed
category, NWS, is first determined on the basis of the current value of LL (NWS
is 1, 2 or 3 corresponding to the speed ranges 0-10 mph, 10-20 mph, or > 20 mph,
respectively). Next the wind direction category, NWD, is determined on the
basis of the current value of KK (NWDis 1,2, ... ..., 36 corresponding to the
ranges 355 to 5 degrees, 5 to 15 degrees, - - - .+ - ., 345 to 355 degrees,
respectively). At line 923 through 942, wind directions are eliminated which do
not have a component of wind flow opposing the motion of the aircraft landing
or taking off. If the accident case is a ground accident, wind directions
restrictions are not imposed; for ground accidents, at statement 220 (line 921), the
direction restrictions are by-passed (to statement 248, line 943). At lines 943
through 953, the sine and cosine are determined for the angle between the wind
flow direction and the direction the alert aircraft is parked (the positive Y
direction in the aircraft coordinate system).
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At the start of the internal loop, there is a coordinate transformation of the
corner points of the weapon volume from the aircraft coordinate system to the so
called fire coordinate system, where the Y and X axes of the fire coordinate
system are parallel and perpendicular to the wind flow direction, respectively,
and where the origin is at the fuel spill point. This transformation defines a
rectangle in the fire coordinate system that encompasses the weapon volume,
where the rectangle is defined by the four coordinate values, XMA, XMI, YMA
and YMIL  Subsequently, the temperature data grid points (2.5 foot spacing)
within the above rectangle are identified (see lines 965 through 968); an
illustration of the grid points (as dots) within the rectangle is given on Figure E-2
for three spill points and a wind direction of 20 degrees. Finally, the grid points
solely within the weapon volume in the fire coordinate system are identified
(lines 1009 through 1035) by demanding that the perpendicular distance from
the center line of the volume to a given grid point in the rectangle is under 1.3
feet. The grid points within the volume are shown as circled points in Figure
E-2. The coordinates of these points are given as XF(I) and YF(I) on lines 1023
and 1024, and the number of these points is given as NPOINT on line 1035.
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Figure E-2. Cargo Volume in Fire Coordinate System
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Once the grid points within the weapon volume have been identified, the
flame temperature at these points is determined. This is done for each of the
NPOINT grid points on lines 1039 through 1242. The general control
organization of this program section is shown in the block diagram given on
Figure E-3. Control enters this section of the program with current values for:
NWS, the wind speed category; NSR(KK), the spill rate category; NPOINT, the
number of temperature grid points within the weapon volume; and XF(I), YF(I)
and ZF, the coordinate values of the grid points from I=1 to I=NPOINT. The
output temperatures in the volume are NTB(I) from I=1 to I=NPOINT. Control
is subsequently shifted to statement 500 (line 1245). At lines 1245 through 1248,
the values of NTB(I) for I larger than NPOINT and less than 19 are arbitrarily set
to the value 2. Then at statement 504 (lines 1249 through 1251), the highest
temperature, TB, from the temperatures NTB(I), is selected; the highest exposure
temperature along the surface of the weapon is the temperature of interest.

WIND SPEED 10 - 20 mph WIND SPEED 0-10 OR > 20 mph
\ﬁ
SPILL RATE > 450 gpm SPILL RATE 0 - 450 gpm WIND SPEED 0 - 10 mph WIND SPEED > 20 mph
N
SPILL RATE < 225 gpm SPILL RATE 225 - 450 gpm
N
N9 =0 N9 =1
; b ; TBST 4 DATA; TEST 9 DATA; TEST 8 DATA; TEST 3 ;
TBIMGDATA. mm7nmm DETERMINE DETHRMINE DETERMINE :::A'
mmgrop NUMBER OF NUMBER OF NUMBER OF NUMBER OF NUMBER OF
'TEMPS, NTB(), TEMPS, TEMPS, ), %Nﬁr,&qm. TEMPS, NTB(I),|  {TEMPS,
IN WEAPON IN IN IN IN WEAPON IN
VOLUME VOLUME VOLUME VOLUMEB VOLUME VOLUME
500
DETERMINE MAXIMUM TEMP, TB,
IN WEAPON VOLUME

Figure E-3
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It is appropriate here to examine how the program deals with the issue of
multiple concurrent fuel spills. As described in Sections 2, 3, and Appendix D, a
collision at a given collision angle, lateral position and collision impact speed
can result in fuel tank breaches at one or more than one location, so that there
can be concurrent fires. Usually, the flame from only one of the fires will expose
the weapon for a given set of conditions (wind direction, etc.), and the idea with
multiple concurrent spills is to determine which fire is causing the exposure (or
the most severe exposure) of the weapon. The program individually determines
the maximum temperature in the weapon volume for each of the concurrent
fires, and then retains and uses only the maximum temperature from the fire
that caused the most severe exposure. In examining how the program
accomplishes this, it is first noted that the fuel spill location/rate/ probability
files are arranged so that:

* The data for all single fires are listed first; this corresponds to values of
KK < NSINGL, that is, the data on the first NSINGL file lines is
associated with single spills.

* The data for all double concurrent fires are listed second; this
corresponds to values of KK such that NSINGL < KK < NDOUBL, that
is, data on file lines above the value of NSINGL and less than or equal
to the value of NDOUBL are associated with double concurrent spills;
there are two file lines associated with each accident scenario, one of
which indicates the location, spill rate and probability for one of the
two fires, the other indicating the location, rate and probability for the
second fire (the two probabilities are of course equal).

* The data for all triple fires are listed third; this corresponds to values of
KK such that NDOUBL , KK < NTRIPL, that is, data on file lines above
the value of NDOUBL and less than or equal to the value of NTRIPL
are associated with triple concurrent spills; there are three file lines
associated with each accident case, where a given file line of the three

indicates the location, rate and probability of one of the three
concurrent fires.

* The data for all quadruple fires are listed last; this corresponds to
values of KK such that NTRIPL < KK < NSPTOT; there are four file
lines associated with each accident case.
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With the above file arrangement in mind, the upper section of the diagram on
Figure E-4 indicates the procedure with regard to single or multiple concurrent
spills (also see lines 1260 through 1297 of the program). After the maximum
temperature in the weapon volume is determined, program operation is directed
to different program sections according to whether the value of KK is in the
single, double, triple or quadruple section of the fuel spill files. If KK <
NSINGL, TD is simply assigned the value of TB, and TD is applied to the
evaluation of P(I), the probability of exposure to a given temperature. KK is then
increased by 1 and a new maximum temperature, TB, is evaluated for the next
fuel spill location/rate. When the value of KK becomes NSINGL + 1, program
operation is directed to the double spill section (statement 510), JCOUNT is
equal to 1, and the value of TB1 is assigned the current value of TB. JCOUNT is
then increased by 1 (to 2), the section for evaluating P(I) is by-passed, KK is
increased by 1 (to NSINGL + 2), and TB for the second fire of the concurrent pair
of fires is evaluated. In this instance, JCOUNT is equal to 2, and the value of TB2
is assigned the new current value of TB. TD is then given the maximum value of
the two values TB1 and TB2. JCOUNT is then reset to the value 1 (so that the
next fire pair can be evaluated), and TD is applied to the evaluation of P(I). In a
similar fashion, the results for triple and quadruple concurrent spills are
evaluated.

Referring again to Figure E-4, the mid-section of this diagram shows (in
greater detail than was shown earlier) the manner in which the probability of
weapon exposure to a given temperature, P(I), is evaluated; programmatically,
this evaluation occurs on lines 1304 through 1461 of the program. It can be seen
that when a new value of TD is obtained, the program is directed to one of forty
sub-sections according to the current value of TD. Then the probability, P(), for
the appropriate value of I is increased by the product, PW(LL) * PFS(KK).
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After P(I) is increased, it can be seen in the lower section of Figure E-4 that
the value of KK is increased by 1. If the new value of KK has not exceeded the
total number of fuel spill location/rate combinations, program control is
returned to statement 250 (line 957) for evaluation of exposure temperatures for
the new fuel spill location/rate. If KK has exceeded all fuel spill conditions, the
value of LL is increased by 1. If the value of LL has not exceeded the total
number of wind conditions (432), the value of KK is reset to 1, and program
control is returned to statement 206 (line 875), and the exposure temperatures
will be evaluated for all fuel spill conditions for the new set of wind conditions.
When the value of LL eventually exceeds the total number of wind conditions,
program control will be directed to statement 830 (line 1478).

The program from statement 830 onward pertains to: (1), generation of the
output files (PROBOUT, PROBX, PROBY and PROBZ), (2), evaluation of the
probability that the exposure will exceed given temperatures (PE(I) and PE1(l)
for the first and second accident cases, respectively) from the probability of
exposure to given temperatures (P(I)), and (3), changing various input
parameters from first case accident values to second case accident values. A

diagram showing the general organization of this final program section is given
on Figure E-5.
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Figure E-5
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PROGRAM LISTING

PROGRAM TPROEG6 (IN FORTRAN 77L) 12/6/92 REV

PROGRAM FOR EVALUATING THE PROBABILITY THAT THE TEMPERATURE OF
AIRCRAFT CARGO FLAME EXPOSURE WILL EXCEED A GIVEN VALUE FOR
AIRCRAFT ACCIDENTS INVOLVING AIRCRAFT FUEL TANK SPILLAGE.

AN OUTPUT SUMMARY OF RESULTS IS GIVEN IN A FILE CALLED 'PROBOUT'.

THERE ARE ALSO THREE OUTPUT NUMBER FILES (FOR PLOTTING PURPOSES,
ETC.) CALLED 'PROBX', 'PROBY', & 'PROBZ'. ALL THREE FILES GIVE
THE PROBABILITY OF EXCEEDING A TEMPERATURE AT 50 DEG F INTERVALS
FROM 500 THRU 2250 DEG F. FOR GROUND ACCIDENTS, PROBX & PROBY ARE
THE INDIVIDUAL RESULTS FOR THE TWO ALERT AIRCRAFT ORIENTATIONS
(ANGLAC & ANGLA2 BELOW), AND PROBZ IS THE MEAN OF PROBX & PROBY
RESULTS WEIGHTED ACCORDING TO THE RELATIVE NUMBER OF ALERT AIR-
CRAFT AT EACH ORIENTATION. FOR AIRCRAFT CRASH ACCIDENTS, PROBX
& PROBY ARE THE INDIVIDUAL RESULTS FOR TWO TYPES OF COLLISION
(WHICH MAY DIFFER IN FUEL SPILL LOCATION/RATE DISTRIBUTION,
ALERT AIRCRAFT ORIZNTATION, LANDING VS TAKE-OFF COLLISION, OR
SOME OR ALL OF THE ABOVE). WHEN BOTH LANDING AND TAKE-OFF
COLLISIONS ARE INCLUDED IN THE CALCULATION, PROBZ IS THE MEAN
RESULT WEIGHTED BY THE RELATIVE FREQUENCY OF LANDING TO TAKE-
OFF CRASHES. WHEN LANDING ONLY OR TAKE-OFF ONLY COLLISIONS
ARE INVOLVED (e.g., WHEN THE CALCULATION CONCERNS TWO TYPES OF
LANDING COLLISION), PROBZ IS THE MEAN RESULT WEIGHTED AS
APPROPRIATE (USUALLY WEIGHTED EQUALLY).

CERTAIN INPUT PARAMETERS (SUCH AS AIR BASE OF INTEREST, TYPE OF
AIRCRAFT ON ALERT, LOCATION OF CARGO, ETC.) ARE INSERTED BELOW
IN A PROGRAM SECTION CALLED 'INPUT DATA.' OTHER INPUT INFORM-
TION INCLUDING FLAME TEMPERATURE DISTRIBUTIONS, WEATHER PROBA-
BILITY DISTRIBUTIONS AT VARIOUS BASES, AND FUEL SPILL LOCATION
AND RATE PROBABILITIES ARE INPUT AS DATA FILES.

FLAME TEMPERATURE DATA FOR VARIOUS WIND SPEEDS AND FUEL
SPILL RATES ARE CONTAINED IN FILES CALLED 'TAX#' FILES,
WHERE # IS 3,4,6,7,8 OR 9 CORRESPONDING TO A FIRE TEST
NUMBER DESIGNATION. TAX4 AND TAX9 FILES ARE FROM REPLI-
CATE TESTS CORRESPONDING TO SPILL RATES OF ABOUT 300 GPM
AND WIND SPEEDS OF ABOUT 16 MPH. THE OPTION OF USING TEST 4
OR TEST 9 DATA IS GIVEN BELOW (N49 VALUE).

PROBABILITY DATA FOR VARIQUS FUEL SPILL LOCATION/SPILL RATE COMB-
INATIONS ARE GIVEN IN FILE SETS, WITH EACH SET COMPRISING THE
FILES XCR#, YCR#, NRATE# & PRF#, WHERE '#' IS A NUMBER ASSOCIATED
WITH A GIVEN SET, AND EACH SET CORRESPONDS TO A PARTICULAR TYPE
OF ACCIDENT (e.g.,THE ANGLE OF COLLISION BETWEEN TWO AIRCRAFT).
THE VALUES IN THE FILES XCR# & YCR# CORRESPOND TO THE (X,Y)
COORDINATES OF FUEL SPILL LOCATIONS FROM THE ALERT AIRCRAFT & FOR
AIRCRAFT/AIRCRAFT COLLISIONS ALSO FROM THE MOVING/COLLIDING AIR-
CRAFT. NRATE# DESIGNATES THE SPILL RATE CLASS FOR EACH OF THE
ABOVE LOCATIONS. THE VALUES IN PRF# ARE THE PROBABILITIES OF EACH
SPILL LOCATION/SPILL RATE COMBINATION. THE FOUR FILES OF A GIVEN
SET ARE EQUAL IN LENGTH, BUT THE FILE LENGTH VARIES FROM SET TO
SET (TO 2998). #=3,4,5 & 6 ARE COLLISION INTO REAR, 45 DEG FROM
REAR, BROADSIDE & 45 DEG FROM FRONT, RESPECTIVELY, OF B-1B. #=8,
9,10, & 11 ARE COLLISIONS AS ABOVE INTO B-52. #=12 & 13 ARE
GROUND ACCIDENTS OF B-1B & B-52, RESPECTIVELY.

PROBABILITY DATA FOR THE COMBINATIONS OF WIND DIRECTION/WIND
SPEED/TRAFFIC (TIME OF DAY) FOR EACH AIR BASE IS GIVEN IN FILES

E-17



QOO0 0000

({el{oJeaZecNooRooteckeoNoo ooNoo o o RN ENERENENENENENENEN Yo Yo ) Yo XN o)Ye)Ye2Ye2Ye2Ye))
RPOWOJOOMIBWNRFRPOWVWOJONUIBWNRPOWYWO~JOYUTRWNF

WWOWOWO
b WN

QOO0 000 OO0 O O OO0 0O OO0

NEPERPRPRPRPRRRPRPRPO0O0000COO0OO0OOWIRIY
COWOOJOUTDBWNRFRPOWOIANAUIDBWNRFOWOJIO

et el el el e Y S L S e e M e e Yy

CALLED, FOR EXAMPLE, WMCCONNE, WSAWYER, WGRANDFO, ETC., WHERE
THE NAME STARTS WITH 'W' AND IS FOLLOWED BY THE FIRST SEVEN
LETTERS OF THE BASE NAME. THERE ARE ALWAYS 432 NUMBERS PER FILE.
THE FIRST 108 NUMBERS ARE FOR THE TIME 0000 TO 0600 HOURS, THE
SECOND 108 FOR 0600 TO 1200 HOURS, AND SO ON. THE FIRST THIRTY-
SIX NUMBERS OF EACH GROUP OF 108 ARE FOR THE WIND SPEED 0 TO 10
MPH, THE SECOND THIRTY-SIX OF EACH GROUP FOR 10 TO 20 MPH, AND
THE THIRD FOR GREATER THAN 20 MPH. FOR EACH OF THESE SUBGROUPS
OF THIRTY-SIX NUMBERS, THE FIRST NUMBER CORRESPONDS TO THE WIND
DIRECTION OF O DEGREES (FROM THE NORTH), THE SECOND TO 10 DEG
(CW FROM NORTH), AND SO ON TO 350 DEGREES.

OPEN (7, FILE='PROBOUT')

OPEN (70, FILE="'PROBX')

OPEN (71, FILE='PROBY"')

OPEN (69, FILE="'PROBZ"')

DIMENSION PE(40),PFS(2998),PW(432),P (40),XP (4),YP (4)
DIMENSION YCO (9) ,XCOORD (2998), YCOORD (2998) ,NSR (2998)
DIMENSION NTB(18),ABX(18),NT7(2400),NT8(2048)
DIMENSION NT9(3600) ,NT6(4000),NT3(4000),NT4(4000)"
DIMENSION XCO(9),XF(18),YF(18),PE1l(40)

INPUT DATA

ALERT AIRCRAFT TYPE, 1 IF B-1B, 0 IF B-52
NACTYP=0

BAY NO. FOR B-1B, 0 FORWARD, 1 MID, 2 AFT
NBAY=1 )

CARGO DATA

CARGOZ IS HEIGHT OF CARGO AXIS
CARGOZ=7.1

CARGOX IS HORIZONTAL DISTANCE FROM FUSELAGE AXIS TO CARGO AXIS.
CARGOX=0.0

CARGOL IS CARGO LENGTH
CARGOL=12.0

AIR BASE SELECTION FOR THIS CALCULATION

NBASE=1 MCCONNELL

NBASE=2 DYESS

NBASE=3 ELLSWORTH

NBASE=4 GRAND FOQORKS

NBASE=5 CARSWELL

NBASE=6 CASTLE

NBASE=7 BARKSDALE

NBASE=8 WURTSMITH

NBASE=9 MINOT

NBASE=10 FAIRCHILD

NBASE=11 SAWYER

NBASE=12 EAKER

NBASE=8

NLANDT & NLAND2: THE PROGRAM ALWAYS CALCULATES THE PRCBABILITY
VS TEMPERATURE FOR TWO CASES (FOR TWO SETS OF CONDITIONS), AND
NLANDT & NLAND2 SPECIFY (AS LISTED BELOW) SOME OF THE CONDITIONS
FOR THE 1ST & 2ND CASES, RESPECTIVELY. FOR GROUND ACCIDENTS:
(a), NLANDT AND NLAND2 ARE SET TO 0, (b), THE FIRST CASE CALCULA-
TION WILL BE FOR THE ALERT AIRCRAFT DIRECTION 'ANGLAC' (DEFINED
BELOW) AND THE SECOND CASE CALCULATION FOR THE ALERT AIRCRAFT
DIRECTION 'ANGLA2', AND (c), ALL WIND DIRECTIONS (360 deg) WILL
BE INCLUDED IN THE CALCULATION FOR EACH OF THE TWO CASES. FOR
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AIRCRAFT COLLISION ACCIDENTS, NLANDT AND NLAND2 CAN TAKE
ON ONE OF THREE COMBINATIONS OF VALUES; 1 & 2, 1 & 1, OR 2 & 2.
THE COMBINATION 1 & 2 MFANS THAT THE FIRST CASE CALCULATION IS
FOR A LANDING COLLISION, THE SECOND CASE FOR A TAKE-OFF COLLI-
SION (AND T:ii CALCULATED MEAN PROBABILITY VS TEMPERATURE (IN
PROBZ) IS THE WEIGHTED RESULT OF THE TWO CASES ACCORDING TO THE
RATIO OF LANDING TO TAKE-OFF COLLISIONS, 'RLTO' BELOW). FOR
THIS COMBINATION 1 & 2, THE FIRST CASE CALCULATION INCLUDES
CONLY WIND DIRECTIONS WHERE A COMPONENT OF THE WIND VECTOR
OPPOSES (FACES) THE LANDING AIRCRAFT, AND THE SECOND CASE CALC-
ULATION [NCLUDES ONLY WIND DIRECTJIONS WHERE A COMPONENT OF THE
WIND VEC.Ok OPPOSES THE AIRCRAFT TAKING OFF. FOR THE COMBINATION
1 & 1, BOTH CASES ARE FOR LANDING COLLISIONS (DIFFERING IN COLL-
ISION ANGLE AND/OR FUEL SPILL DISTRIBUTION), AND ONLY WIND DIR-
ECTIONS THAT OPPOSE THE LANDING AIRCRAFT ARE INCLUDED IN BOTH
THE FIRST AND SECOND CASE CALCULATIONS. SIMILARLY, FOR THE COMB-
INATION 2 & 2, BOTH CASES ARE FOR TAKE-OFF COLLISION, AND ONLY
WIND DIRECTIONS THAT OPPOSE THE AIRCRAFT TAKING OFF ARE INCLUDED
IN BOTH CASES. FOR THE COMBINATIONS 1 & 1 AND 2 & 2, RLTO (NO
LONGER THE RATIO OF LANDING TO TAKE-OFF COLLISIONS) IS A SIMPLE
WEIGHTING FACTOR OF THE 1ST & 2ND CASE, USUALLY SET TO 1.0.
NLANDT=0
NLAND2=0
ANGLAC & ANGLA2 ARE THE DIRECTIONS THAT THE ALERT AIRCRAFT ARE
POINTED WITH RESPECT TO TRUE NCRTH IN GLOBAL COORDINATE SYSTEM
FOR 1ST & 2ND CASE CALCULATIONS, RESPECTIVELY.
ANGLAC=230.0
ANGLA2=140.0
NUMBER OF ALERT AIRCKAFT AT ANGLAC & ANGLAZ2 ARE NLA & NTA,
RESPECTIVELY
NLA=4
NTA=5
RATIO OF LANDING TO TAKE-OFF CRASHES (NOT USED GROUND ACCIDENT)
RLTO=1.0
NDISTR & NDIST2 SPECIFY FUEL SPILL DISTRIBUTION 'SETS' TO BE USED
FOR 1ST & 2ND CASES, RESPECTIVELY.
NDISTR=13
NDIST2=13
NSPTOT & NSPTO2 ARE THE TOTAL NUMBER OF FUEL SPILL LOCATION/
RATE COMBINATIONS FOR NDISTR & NDIST2, RESPECTIVELY
NSPTOT=6
NSPTO2=6
NSINGL & NSING2 ARE THE NUMBER OF SINGLE HOLE LOCATION/RATE
COMBINATIONS FOR NDISTR & NDISTZ2, RESPECTIVELY
NSINGL=2
NSING2=2
NDOUBL & NDOQOUB2 ARE THE NUMBER OF SINGLE HOLE LOCATION/RAYE
COMBINATIONS PLUS THE NUMBER OF DOUBLE HOLE LOCATION/
RATE COMBINATIONS FOR NDISTR & NDIST2, RESPECTIVELY
NDOUBL=6
NDOUB2=6
NTRIPL & NTRIP2 ARE THE SUM OF SINGLE, DOUBLE, & TRIPLE HOLE
LOCATION/RATE COMBINATIONS FOR NDISTR & NDISTZ2, RESPECTIVELY
NTRIPL=1168
NTRIP2=1126
LEFTRI AND LEFTR2 SPECIFY WHETHER THE LEFT SIDE, RIGHT SIDE,
OR REAR OF ALERT AIRCRAFT IS IMPACTED AT COLLISION FOR THE
1ST & 2ND CASE CALCULATION, RESPECTIVELY. LEFTRI (OR LEFTR2)
IS 1 WHEN COLLIDING AIRCRAFT IMPACTS LEFT SIDE OF ALERT AIR-
CRAFT. LEFTRI (OR LEFTR2) IS 0 WHEN COLLIDING AIRCRAFT IMPACTS
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C DIRECTLY INTO REAR OR ON RIGHT SIDE OF ALERT AIRCRAFT.
LEFTRI=1
LEFTRZ2=0

N49 IS 1 IF USE TEST 9 DATA, O IF USE TEST 4 DATA
N49=1

END OF STANDARD INPUT DATA

CENTER LOCATION ALONG A/C FUSELAGE AXIS OF BAYS IN A/C COORD,
(COORD ORIGIN 85 FT AFT OF A/C NOSE)
YB1FOR=29.6
YB1MID=13,3
YB1lAFT=-19.5
Y52=16.0
DECREASE SPILL RATE CLASS ONE LEVEL IF NDOWN IS 0
NDOWN=1
PMULT IS A MULTIPLYING FACTOR FOR ALL SPILL LOC/RATE
PROBABILITIES WHEN A PARTIAL FILE IS USED; USUALLY UNITY
PMULT=1.00000
NWEAP=1 WEAPONS IN 1 BAY, NWEAP=2 WEAPONS IN 2 BAYS
NWEAP=1
IF (NWEAP .EQ. 1)GO TO 128
OPEN(90,FILE='NFILE")

QOO0 O

aQ o0 O

OPTIONS FOR PRINTING OUT DETAILED DATA

IF NTREAD IS 0, TAX FILE WILL BE PRINTED OUT
128 NTREAD=1
IF NWREAD IS 0, PW FILE (WEIGHTED PROB OF WIND SPEED,
DIRECTION, TRAFFIC) WILL BE PRINTED OUT
NWREAD=1
IF NSPPRO IS 0, FUEL SPILL LOCATION/RATE FILE WILL BE
PRINTED
NSPPRO=1
IF NSPILD IS O, LL, SPILL RATE CATAGORY AND WANGAC
WILL BE PRINTED OUT
NSPILD=1
WRITE OUT XPS AND YPS IF NXP IS 0
NXP=1
WRITE OUT YCO/XCO IF NYCO IS O
NYCO=1
WRITE OUT XF/YF IF NXFYF IS 0
NXFYF=1
WRITE OUT NTB TEMPS IF NPRTB IS 0
NPRTB=1
WRITE OUT NTB/TB IF NTBTB IS 0
NTBTB=1
WRITE OUT TD IF NTDTD IS 0
NTDTD=1
WRITE OUT PROB AT TEMP IF NPROB IS 0
NPROB=1

FORMATTING

(o XeXe] o O a O (@} O @] QO oo o0 OO0

12 FORMAT (6E10. 3)

13 FORMAT (1X,F6.1)

14 FORMAT (3X,16,2F10.3)
15 FORMAT (3X,8F7.2)

16 FORMAT (1X, 8F7.2)

17 FORMAT (3X,4F10.4)

m
N
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FORMAT (6X, 4F10.4)
FORMAT (318,F8.1)

FORMAT (//,10X, 'PROBABILITY

TEMP DEG F PROB EXCEED', /)

FORMAT (11X,E9.3,8X,F5.0,6X,E9.3)
FORMAT (2110)

FORMAT (F8.6)

FORMAT (816)

FORMAT (8X,
FORMAT (8%,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,

'"MCCONNELL AF BASE, KS - RUNWAY ANGLE',F6.1,/)
'DYESS AF BASE, TX - RUNWAY ANGLE',F6.1,/)
'ELLSWORTH AF BASE, SD - RUNWAY ANGLE',F6.1,/)
'GRAND FORKS AFB, ND - RUNWAY ANGLE',F6.1,/)
'CARSWELL AF BASE, NM - RUNWAY ANGLE',F6.1,/)
'CASTLE AF BASE, CA - RUNWAY ANGLE',F6.1,/)
'BARKSDALE AF BASE - RUNWAY ANGLE',F6.1,/)
'TYPE OF ALERT AIRCRAFT: B-1B',/)

'TYPE OF ALERT AIRCRAFT: B-52',/)

'FORWARD BAY',/)

'*MIDDLE BAY',/)

‘AFT BAY', /)

'CARGO HEIGHT, FT',F5.1,/)

'ANGLE ALERT A/C POINTED FROM NORTH',F7.1,/)
'"USED FIRE TEST 4 DATA OPTION',/)

'USED FIRE TEST 9 DATA OPTION',/)

FORMAT (5F10.6)

FORMAT (8X,
FORMAT (8X,

'NO. OF ARRANGEMENTS TEMP EVALUATED',I18,/)
'NO. ARRANGEMENTS USED FOR PROB VS TEMP',IS8,/)

FORMAT (12X, 'RESULTS OF FIRST CASE',/)
FORMAT (4X, 619)

FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,

"LANDING COLLISION 1ST CASE, TAKE-OFF 2ND CASE',//)
*LANDING COLLISIONS ONLY;1ST & 2ND CASES',//)
'"TAKE-OFF COLLISIONS ONLY;1ST & 2ND CASES',//)
'"WURTSMITH AF BASE - RUNWAY ANGLE',F6.1,/)
'MINOT AF BASE - RUNWAY ANGIE',F6.1,/)
"PAIRCHILD AF BASE - RUNWAY ANGLE',F6.1,/)

'KI SAWYER AF BASE - RUNWAY ANGLE',F6.1,/)
'EAKER AF BASE - RUNWAY ANGLE',F6.1,/)

'FUEL SPILL DISTR 3, LG A/C INTO REAR B-1B',/)
'FUEL SPILL DISTR 4, LG A/C 45 D REAR B-1B',/)
'FUEL SPILL DISTR 5, LG A/C 90 D SIDE B-1B',/)

FORMAT (E9. 3)

FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,
FORMAT (8X,

'COLLISION INTC RIGHT SIDE OF ALERT AIRCRAFT',/)
*COLLISION INTO LEFT SIDE OF ALERT AIRCRAFT',/)
'FUEL SPILL DISTR 8, LG A/C INTO REAR B-52',/)
'FUEL SPILL DISTR 9, LG A/C 45 D REAR B-52',/)
'FUEL SPILL DISTR 10,LG A/C BROADSIDE B-52',/)
'FUEL SPILL DISTR 11,LG A/C 45D FRONT B-52',/)
'FUEL SPILL DISTR 6,LG A/C 45 D FRONT B-1B',/)
'FUEL SPILL DISTR 7, SPECIAL CASE SPILL',/)
'FUEL SPILL DISTR 12, ENGINE SPILL B-1B',/)
'FUEL SPILL DISTR 13, ENGINE SPILL B-52',/)

FORMAT (F6.4)

FORMAT (8X,
FORMAT (8X,
FORMAT (8X%,
FORMAT (8X,

'NO. OF AIRCRAFT IN 1ST & 2ND DIRECTION',2I4,/)
'*RATIO LANDING TO TAKE-OFF CRASHES',F4.1,/)
'NO. ARRANGEMENTS EVALUATED;TESTS3,4,6,7,8,9"')
'NO. ARRANGEMENTS USED; TESTS 3,4,6,7,8,9")

FORMAT (///, 12X, '"RESULTS FOR SECOND CASE',///)
FORMAT (////////,8X, "MEAN PROBABILITY VALUES',/)
FORMAT (14X,F6.4)

FORMAT (10X, '500 TO 2250 DEG F*',/)

FORMAT (8X,

'COLLISION INTO DIRECT REAR OF ALERT AIRCRAFT',/)

tr
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78 FORMAT (8X, "GROUND ACCIDENT; FUEL FROM ALERT A/C ONLY', /)
79 FORMAT(//////)
80 FORMAT (I5)
c
C OPEN STATEMENTS FOR FIRE TEST DATA FILES
OPEN (8, 'TAX3', FORM='FORMATTED*)
IF(N49 .GT. 0)GO TO 8
OPEN (9, 'TAX4"',FORM="'FORMATTED')

GO TO 9
8 OPEN (13, 'TAX9',FORM="'FORMATTED"')
9 OPEN (10, 'TAX6', FORM="'FORMATTED"')

OPEN (11, 'TAX7',FORM='FORMATTED')
OPEN (12, 'TAX8',FORM="'FORMATTED')

M3=1
M4=1
M6=1
M7=1
M8=1
M9=1
MC=1
C
C READING IN THE TEMPERATURE DATA FILES
C
170 READ(8,*)NT3(M3)
M3=M3+1
IF (M3 .GT. 4000)GO TO 173
GO TO 170
173 IF(N49 .GT. 0)GO TO 175
174 READ(9,*)NT4(M4)

M4=M4+1
IF(M4 .GT. 4000)GO TO 175
GO TO 174

175 READ(10, *)NT6 (M6)
M6=M6+1
IF (M6 .GT. 4000)GO TO 180
GO TO 175

180 READ (11, *)NT7 (M7)
M7=M7+1
IF (M7 .GT. 2400)GO TO 185
GO TO 180

185 READ(12,*)NT8(M8)
M8=M8+1
IF (M8 .GT. 2048)GO TO 189
GO TO 185

189 IF(N49 .EQ. 0)GO TO 193
190 READ(13, *)NT9 (M9)
M9=MO+1
IF (M9 .GT. 3600)GO TO 193
GO TO 190
193 IF(NTREAD .GT. 0)GO TO 734
MC1l=MC+1
MC2=MC+2
MC3=MC+3
MC4=MC+4
MC5=MC+5
MC6=MC+6
MC7=MC+7
194 WRITE(6,24)NT8(MC),NT8 (MC1),NT8 (MC2),NT8 (MC3),NT8 (MC4),
1INT8 (MCS) ,NT8 (MC6) ,NT8 (MC7)
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MC=MC+8
IF(MC .GT. 2048)GO TO 734
GO TO 193

READING IN THE WEATHER DATA FILES FOR EACH BASE;
WIND DATA SEPARATED INTO CATAGORIES OF WIND SPEED,
WIND DIRECTION, AND TIME OF DAY (TRAFFIC)

734 L=1
IF (NBASE .GT. 1)GO TO 142
OPEN (14, '"WMCCONNE' , FORM="'FORMATTED ')
ANGLRW=190.0
WRITE(7,25) ANGLRW
141 READ(14,23)PW(L)
L=L+1
IF(L .GT. 432)GO TO 203
GO TO 141
142 IF(NBASE .GT. 2)GO TO 144
ANGLRW=160.0
WRITE (7,26) ANGLRW
OPEN (15, '"WDYESS ', FORM="'FORMATTED')
143 READ(15,23)PW(L)
L=L+1
IF(L .GT. 432)GO TO 203
GO TO 143
144 TIF(NBASE .GT. 3)GO TO 146
OPEN (16, '"WELLSWOR', FORM='FORMATTED ')
ANGLRW=310.0
WRITE (7,27) ANGLRW
145 READ(16,23)PW(L)
L=L+1
IF(L .GT. 432)GO TO 203
GO TO 145
146 IF(NBASE .GT. 4)GO TO 148
OPEN (17, '"WGRANDFO', FORM="FORMATTED')
ANGLRW=350.0
WRITE (7, 28) ANGLRW
147 READ(17,23)PW(L)
L=L+1
IF(L .GT. 432)GO TO 203
GO TO 147
148 IF(NBASE .GT. 5)GO TO 150
OPEN (18, 'WCARSWEL', FORM='FORMATTED ')
ANGLRW=170.0
WRITE(7,29)ANGLRW
149 READ(18,23)PW(L)
L=L+1
IF(L .GT. 432)GO TO 203
GO TO 149
150 1IF(NBASE .GT. 6)GO TO 152
OPEN (19, 'WCASTLE',FORM='FORMATTED"')
ANGLRW=320.0
WRITE (7,30)ANGLRW
151 READ(19,23)PW(L)
L=L+1
IF(L .GT. 432)GO TO 203
GO TO 151
152 TIF(NBASE .GT. 7)GO TO 154
OPEN (20, 'WBARKSDA', FORM="'FORMATTED ')
ANGLRW=150.0
WRITE (7, 31) ANGLRW
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153 READ(20,23)PW(L)
L=L+1
IF(L .GT. 432)GO TO 203
GO TO 153
154 TIF(NBASE .GT. 8)GO TO 156
OPEN (30, 'WWURTSMI', FORM="'FORMATTED')
ANGLRW=240.0
WRITE (7,49) ANGLRW
155 READ(30,23)PW(L)
L=L+1
IF(L .GT. 432)GO TO 203
GO TO 155
156 1IF(NBASE .GT. 9)GO TO 158
OPEN (31, 'WMINOT', FORM="'FORMATTED")
ANGLRW=290.0
WRITE (7, 50) ANGLRW
157 READ(31,23)PW(L)
L=L+1
IF(L .GT. 432)GO TO 203
GO TO 157
158 IF(NBASE .GT. 10)GO TO 160
OPEN (32, 'WFAIRCHI',FORM="'FORMATTED')
ANGLRW=230.0
WRITE(7,51) ANGLRW
159 READ(32,23)PW(L)
L=L+1
IF(L .GT. 432)GO TO 203
GO TO 159
160 IF(NBASE .GT. 11)GO TO 162
OPEN (33, 'WSAWYER', FORM='FORMATTED")
ANGLRW=10.0
WRITE (7, 52) ANGLRW
lél READ(33,23)PW(L)
L=L+1
IF(L .GT. 432)G0O TO 203
GO TO 161
162 OPEN(34, 'WEAKER',FORM='FORMATTED')
ANGLRW=360.0
WRITE (7, 53) ANGLRW
163 READ(34,23)PW(L)
L=L+1
IF(L .GT. 432)GO TO 203
GO TO 163
C
C EVALUATING ANGLES 90 DEG FROM RUNWAY ANGLE
C
203 IF(ANGLRW .GE. 90.0)GO TO 910
ANGLCW=ANGLRW+90.0
ANGLCC=ANGLRW+270.0
GO TO 930
910 TIF(ANGLRW .GE. 270.0)GO TO 920
ANGLCW=ANGLRW+90.0
ANGLCC=ANGLRW-90.0
GO TO 930
920 ANGLCW=ANGLRW-270.0
ANGLCC=ANGLRW-90.0
930 APE1=ANGLCW/10.0
APE2=ANGLCC/10.0
NCW=NINT (APE1l)
NCC=NINT (APE2)
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IF (NWREAD .GT. 0)GO TO 205
LP=1

204 WRITE(7,23)PW(LP)
LP=LP+1
IF(LP .GT. 432)GO TO 205
GO TO 204

CARGOY IS FORWARD END OF CARGO IN A/C COORD
YPLUS IS FORWARD END OF CARGO VOLUME OF ANALYSIS IN A/C COORD
YMINUS IS AFT END OF CARGO VOLUME OF ANALYSIS IN A/C COORD
205 IF(NACTYP .EQ. 1)GO TO 115
CARGOY=Y52+ (CARGOL/2.0)
GO TO 118
115 IF(NBAY .GT. 0)GO TO 116
CARGOY=YB1FOR+ (CARGOL/2.0)
GO TO 118
116 IF(NBAY .GT. 1)GO TO 117
CARGOY=YB1MID+ (CARGOL/2.0)
GO TO 118
117 CARGOY=YBlAFT+(CARGOL/2.0)
118 YPLUS=CARGOY+1.25
YMINUS=CARGOY-CARGOL-1.25
IF (CARGOZ .GT. 8.5)GO TO 132
IF (CARGOZ .GT. 5.5)GO TO 134
IF (CARGOZ .GT. 2.5)GO TO 136
ZF=1.0 )
GO TO 140
132 ZF=10.0
GO TO 140
134 2ZF=7.0
GO TO 140
136 ZF=4.0
C CARGOXL IS LEFT EDGE OF CARGO VOLUME IN A/C COORD
C CARGOXR IS RIGHT EDGE OF CARGO VOLUME IN A/C COORD
140 CARGXL=CARGOX-1.25
CARGXR=CARGOX+1.25

QOO0

c
NDEC=1

C

860 KCOUNT=1

C
NCOMB=NSPTOT*432
NSPTO1=NSPTOT+1
JCOUNT=1
LCOUNT=1
NH3=0
NH4=0
NH6=0
NH7=0
NH8=0
NHO9=0
I23=0
IZ24=0
I26=0
IZ27=0
IZ8=0
I29=0
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Ll=1
197 P(L1)=0.0
L1=L1+1
IF(L1 .GT. 40)GO TO 198
GO TO 197

198 NTALY1=0
NTALY2=0
L=1
LL=1
KK=1

IF( (NDEC .EQ. 2) .AND. (NLANDT .EQ. 0))GO TO 206
C OPEN STATEMENTS FOR FUEL SPILL DATA FILES
IF (NDISTR .GT. 3)GO TO 4
C COLLISION OF LARGE AIRCRAFT DIRECTLY INTO REAR OF B-1B
OPEN (40, 'XCR3',FORM="'FORMATTED"')
OPEN (41, 'YCR3',FORM="'FORMATTED ')
OPEN (42, 'NRATE3', FORM='FORMATTED")
OPEN (43, 'PRF3',FORM="FORMATTED')
GO TO 11
C COLLISION OF LARGE AIRCRAFT AT 45 DEG FROM REAR OF B-1B
4 IF (NDISTR .GT. 4)GO TO 5
OPEN (21, "XCR4',FORM="'FORMATTED"')
OPEN (22, "YCR4',FORM="'FORMATTED ')
OPEN (23, "NRATE4',FORM='FORMATTED')
OPEN (24, 'PRF4',FORM="'FORMATTED')

GO TO 11
C COLLISION OF LARGE AIRCRAFT INTO SIDE (90 DEG) OF B-1B
5 IF(NDISTR. GT. 5)GO TO 6

OPEN (44, 'XCR5',FORM="FORMATTED"')
OPEN (45, 'YCR5',FORM="'FORMATTED')
OPEN (46, 'NRATES' , FORM="'FORMATTED"')
OPEN (47, 'PRFS5',FORM='FORMATTED')
GO TO 11
C COLLISION OF LARGE AIRCRAFT AT 45 DEG FROM FRONT OF B-1B
6 IF(NDISTR .GT. 6)GO TO 7

OPEN (64, *XCR6 ', FORM="'FORMATTED ')
OPEN (65, 'YCR6 ', FORM="'FORMATTED ')
OPEN (66, '"NRATE6' , FORM='FORMATTED')
OPEN (67, 'PRF6',FORM="'FORMATTED ')

GO TO 11
C SPECIAL FUEL SPILL DISTRIBUTIONS
7 IF (NDISTR .GT. 7)GO TO 120

OPEN (72, 'XCZ5"',FORM="'FORMATTED ')
OPEN (73, 'YCZ5',FORM="'FORMATTED ')
OPEN (74, 'NRATZ5',FORM='FORMATTED")
OPEN({75, 'PRZ5',FORM="FORMATTED ')
GO TO 11
C COLLISION OF LARGE AIRCRAFT DIRECTLY INTO REAR OF B-52
120 IF(NDISTR .GT. 8)GO TO 121
OPEN (48, 'XCR8', FORM="'FORMATTED ')
OPEN (49, 'YCR8',FORM="'"FORMATTED')
OPEN (50, 'NRATES', FORM='FORMATTED')
OPEN (51, 'PRF8',FORM="'FORMATTED ')
GO TO 11
C COLLISION OF LARGE AIRCRAFT AT 45 DEG FROM REAR OF B-52
121 IF(NDISTR .GT. 9)GO TO 122
OPEN (52, 'XCR9', FORM="'FORMATTED ')
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OPEN (53, 'YCR9', FORM='FORMATTED ')
OPEN (54, 'NRATES', FORM="'FORMATTED')
OPEN (55, 'PRF9', FORM="'FORMATTED ')
GO TO 11
C COLLISION OF LARGE AIRCRAFT INTO B-52 RIGHT BROADSIDE
122 IF(NDISTR .GT. 10)GO TO 123
OPEN (56, 'XCR10', FORM="'FORMATTED')
OPEN (57, '"YCR10',FORM='FORMATTED"')
OPEN (58, 'NRATE10',FORM="'FORMATTED')
OPEN (59, 'PRF10', FORM="'FORMATTED")
GO TO 11
C COLLISION OF LARGE AIRCRAFT AT 45 DEG FROM FRONT OF B~52
123 IF(NDISTR .GT. 11)GO TO 124
OPEN (60, 'XCR11', FORM="'FORMATTED')
OPEN (61, 'YCR11l', FORM='FORMATTED')
OPEN (62, '"NRATE11l',FORM="FORMATTED"')
OPEN (63, *PRF11',FORM='FORMATTED"')
GO TO 11
C GROUND ACCIDENT--ENGINE REGION SPILL FOR B-1B
124 TIF(NDISTR .GT. 12)GO TO 125
OPEN (76, 'XCR12',FORM='FORMATTED"')
OPEN (77, 'YCR12',FORM='FORMATTED')
OPEN (78, 'NRATE12', FORM='FORMATTED')
OPEN (79, 'PRF12"',FORM='FORMATTED')
GO TO 11
C GROUND ACCIDENT--ENGINE REGION SPILL FOR B-52
125 OPEN(80, 'XCR13',FORM='FORMATTED')
OPEN (81, 'YCR13',FORM='FORMATTED')
OPEN (82, 'NRATE13',FORM="'FORMATTED"')
OPEN (83, 'PRF13"',FORM="'FORMATTED ')

11 L=1

QO o0

NCN=1
NCL=1
NCM=1
NCK=1
NCDN=1
NDAN=1
NCG=1
N41=1
N42=1
N43=1
N44=1

READING IN THE FUEL SPILL LOCATION/RATE COMBINATION
DATA FILES AND THE FILE OF PROBABILITIES OF THESE
COMBINATIONS

IF(NDISTR .GT. 3)GO TO 760
750 READ (40, *) XCOORD (NCL)
NCL=NCL+1
IF(NCL .GT. NSPTOT)GO TO 752
GO TO 75¢C
752 READ (41, *) YCOORD (NCM)

[eXeXeRe]
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NCM=NCM+1
IF(NCM .GT. NSPTOT)GO TO 754
GO TO 752

754 READ (42, *)NSR (NCN)
NCN=NCN+1
IF(NCN .GT. NSPTOT)GO TO 756
GO TO 754

756 READ (43, *)PFS (NCK)
NCK=NCK+1
IF(NCK .GT. NSPTOT)GO TO 732
GO TO 756

760 IF(NDISTR .GT. 4)GO TO 720
702 READ(21,*)XCOORD (NCL)

NCL=NCL+1
IF(NCL .GT. NSPTOT)GO TO 703
GO TO 702

703 READ (22, *) YCOORD (NCM)
NCM=NCM+1
IF(NCM .GT. NSPTOT)GO TO 704
GO TO 703

704 READ (23, *)NSR (NCN)
NCN=NCN+1
IF (NCN .GT. NSPTOT)GO TO 705
GO TO 704

705 IF(NDOWN .GT. 0)GO TO 709

706 IF (NSR(NCDN) .EQ. 1)GO TO 708
IF (NSR(NCDN) .EQ. 2)GO TO 707
NSR (NCDN) =2
NCDN=NCDN+1
IF (NCDN .GT. NSPTOT)GO TO 709
GO TO 706

707 NSR (NCDN) =1
NCDN=NCDN+1
IF (NCDN .GT. NSPTOT)GO TO 709
GO TO 706

708 NCDN=NCDN+1
IF (NCDN .GT. NSPTOT)GO TO 709

GO TO 706
709 READ (24, *)PFS (NCK)
NCK=NCK+1
IF (NCK .GT. NSPTOT)GO TO 732
GO TO 709

720 IF(NDISTR .GT. 5)GO TO 425
721 READ (44, *) XCOORD (NCL)

NCL=NCL+1
IF (NCL .GT. NSPTOT)GO TO 722
GO TO 721

722 READ (45, *) YCOORD (NCM)
NCM=NCM+1
IF(NCM .GT. NSFTOT)GO TO 724
GO TO 722

724 READ (46, *) NSR(NCN)
NCN=NCN+1
IF(NCN .GT. NSPTOT)GO TO 726
GO TO 724

726 READ (47, *)PFS (NCK)
NCK=NCK+1

IF (NCK .GT. NSPTOT)GO TO 732
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425
432

434

436

438

440
442

444

446

448

770
771

772

773

774

775
776

777

GO TO 726

IF (NDISTR .GT. 6)GO TO 440
READ (64, *) XCOORD (N41)
N41=N41+1

IF (N41 .GT. NSPTOT)GO TO 434
GO TO 432

READ (65, *) YCOORD (N42)
N42=N42+1

IF (N42 .GT. NSPTOT)GO TO 436
GO TO 434

READ (66, *) NSR (N43)

N43=N43+1

IF (N43 .GT. NSPTOT)GO TO 438
GO TO 436

READ (67, *) PFS (N44)

N44=N44+1

IF (N44 .GT. NSPTOT)GO TO 732
GO TO 438

IF (NDISTR .GT. 7)GO TO 770
READ (72, *) XCOORD (N41)
N41=N41+1

IF (N41 .GT. NSPTOT)GO TO 444
GO TO 442

READ (73, *) YCOORD (N42)
N42=N42+1

IF (N42 .GT. NSPTOT)GO TO 446
GO TO 444

READ (74, *) NSR (N43)

N43=N43+1

IF (N43 .GT. NSPTOT)GO TO 448
GO TO 446

READ (75, *) PFS (N44)

N44=N44+1

IF (N44 .GT. NSPTOT)GO TO 732
GO TO 448

IF (NDISTR .GT. 8)GO TO 775
READ (48, *) XCOORD (N41)
N41=N41l+1

IF (N41 .GT. NSPTOT)GO TO 772
GO TO 771

READ (49, *) YCOORD (N42)
N42=N42+1

IF (N42 .GT. NSPTOT)GO TO 773
GO TO 772

READ (50, *) NSR (N43)

N43=N43+1

IF (N43 .GT. NSPTOT)GO TO 774
GO TO 773

READ (51, *) PFS (N44)

N44=N44+1

IF (N44 .GT. NSPTOT)GO TO 732
GO TO 774 -

IF (NDISTR .GT. 9)GO TO 780
READ (52, *) XCOORD (N41)
N41=N41+1

IF (N41 .GT. NSPTOT)GO TO 777
GO TO 776

READ (53, *) YCOORD (N42)
N42=N42+1

IF (N42 .GT. NSPTOT)GO TO 778
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GO TO 777
778 READ (54, *)NSR(N43)
N43=N43+1
IF(N43 .GT. NSPTOT)GO TO 779
GO TO 778
779 READ (55, *)PFS(N44)
N44=N44+1
IF(N44 .GT. NSPTOT)GO TO 732
GO TO 779
780 IF(NDISTR .GT. 10)GO TO 449
781 READ (56, *) XCOORD (N41)

N41=N41+1
IF(N41 .GT. NSPTOT)GO TO 782
GO To 781

782 READ (57, *) YCOORD (N42)
N42=N42+1
IF(N42 .GT. NSPTOT)GO TO 783
GO TO 782

783 READ (58, *) NSR(N43)
N43=N43+1
IF(N43 .GT. NSPTOT)GO TO 784
GO TO 783

784 READ(59,*)PFS(N44)
N44=N44+1
IF (N44 .GT. NSPTOT)GO TO 732
GO TO 784

449 IF(NDISTR .GT. 11)GO TO 450
785 READ (60, *) XCOORD (N41)

N41=N41+1
IF(N41 .GT. NSPTOT)GO TO 786
GO TO 785

786 READ (61, *)YCOORD (N42)
N42=N42+1
IF (N42 .GT. NSPTOT)GO TO 787
GO TO 786

787 READ(62,*)NSR(N43)
N43=N43+1
IF(N43 .GT. NSPTOT)GO TO 788
GO TO 787

788 READ (63, *)PFS(N44)
N44=N44+1
IF(N44 .GT. NSPTOT)GO TO 732
GO TO 788

450 IF(NDISTR .GT. 12)GO TO 460
452 READ (76, *) XCOORD (N41)

N41=N41+1
IF (N41 .GT. NSPTOT)GO TO 454
GO TO 452

454 READ(77,*)YCOORD (N42)
N42=N42+1
IF (N42 .GT. NSPTOT)GO TO 456
GO TO 454

456 READ (78, *)NSR(N43)
N43=N43+1
IF (N43 .GT. NSPTOT)GO TO 458
GO TO 456

458 READ (79, *)PFS(N44)
N44=N44+1
IF (N44 .GT. NSPTOT)GO TO 732
GO TO 458
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460 READ(80, *) XCOORD (N41)

N41=N41l+1
IF(N41 .GT. NSPTOT)GO TO 462
GO TO 460

462 READ(81,*) YCOORD (N42)
N42=N42+1
IF (N42 .GT. NSPTOT)GO TO 464
GO TO 462

464 READ(82,*)NSR(N43)
N43=N43+1
IF (N43 .GT. NSPTOT)GO TO 466
GO TO 464

466 READ(83,*)PFS(N44)
N44=N44+1
IF (Nd44 .GT. NSPTOT)GO TO 732
GO TO 466

732 IF(LEFTRI .EQ. 0)GO TO 735

NDT=1

736 XCOORD (NDT) =XCOORD (NDT) *(-1.0)
NDT=NDT+1
IF(NDT .GT. NSPTOT)GO TO 735
GO TO 736

735 IF(NSPPRO .GT. 0)GO TO 733
WRITE (7,41) (PFS(NDAN),NDAN=1,NSPTOT)
733 PFS(NCG)=PFS(NCG) *PMULT

NCG=NCG+1
IF(NCG .GT. NSPTOT)GO TO 206
GO TO 733
START OF MAIN CALCULATIONAL LOOP; LL, VARIATION IN WIND SP/DIR

206 IF(LL .GT. 36)GO TO 207
NWS=1
NWD=LL-1
GO TO 220

207 IF(LL .GT. 72)GO TO 208
NWS=2
NWD=LL-37
GO TO 220

208 IF(LL .GT. 108)GO TO 209
NWS=3
NWD=LL-73
GO TO 220

209 IF(LL .GT. 144)GO TO 210
NWS=1
NWD=LL-109
GO TO 220

210 IF(LL .GT. 180)GO TO 211
NWS=2
NWD=LL-145
GO TO 220

211 TIF(LL .GT. 216)GO TO 212
NWS=3
NWD=LL-181
GO TO 220

212 IF(LL .GT. 252)GO TO 213
NWS=1
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NWD=LL-217
GO TO 220
213 IF(LL .GT. 288)GO TO 214
NWS=2
NWD=LL-253
GO TO 220
214 TIF(LL .GT. 324)GO TO 215
NWS=3
NWD=LL-~-289
GO TO 220
215 IF(LL .GT. 360)GO TO 216
NWS=1
NWD=LL-325
GO TO 220
216 IF(LL .GT. 396)GO TO 217
NWS=2
NWD=LL-361
GO TO 220
217 NWS=3
NWD=LL-397

220 IF(NLANDT .EQ. 0)GO TO 248
IF (NLANDT .EQ. 1)GO TO 240
C TAKE-OFF COLLISION ONLY
IF ((ANGLRW .LT. 270.0) .AND. (ANGLRW .GT. 90.0))GO TO 227
IF ((NWD .GT. NCW) .AND. (NWD .LT. NCC))GO TO 248
LL=LL+1
IF(LL .GT. 432)GO TO 830
GO TO 206
227 IF((NWD .GT. NCW) .OR. (NWD .LT. NCC))GO TO 248
LL=LL+1
IF(LL .GT. 432)GO TO 830
GO TC 206
C LANDING COLLISION ONLY
240 IF((ANGLRW .LE. 270.0) .AND. (ANGLRW .GE 90.0))GO TO 243
IF((NWD .LE. NCW) .OR. (NWD .GE. NCC))GO TO 248
LL=LL+1
IF(LL .GT. 432)GO TO 830
GO TO 206
243 IF((NWD .LE. NCW) .AND. (NWD .GE. NCC))GO TO 248
LL=LL+1
IF(LL .GT. 432)GO TO 830
GO TO 206
248 ANWD=NWD
WDDATA=10.0*ANWD
WDIRGL=WDDATA+180.0
IF{WDIRGL .LT. 360.0)GO TO 221
WDIRGL=WDIRGL-360.0
221 WANGAC=ANGLAC-WDIRGL
IF (NSPILD .GT. 0)GO TO 222
WRITE (7,19) LL, NWD, NWS, WANGAC
222 WRAD=WANGAC/57.296
SA=SIN (WRAD)
CA=COS (WRAD)
Cc

C INTERNAL CALCULATIONAL LOOP; KK, VARIATION IN SPILL LOC/RATE
c

250 XP(1)=((YPLUS-YCOORD (KK) ) *SA) + ( (CARGXL~XCOORD (KK) ) *CA)
YP (1) =( (YPLUS~YCOORD (KK) ) *CA) - ( (CARGXL~-XCOORD (KK) ) *SA)
XP (2) =( (YPLUS-YCOORD (KK) ) *SA) + ( (CARGXR-XCOORD (KK) ) *CA)
YP (2) = ( (YPLUS-YCQORD (KK) ) *CA) - ( (CARGXR~XCOORD (KK) ) *SA)
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255

256

260

261

262

264

266

267

268

269

XP (3)=( (YMINUS-YCOORD (KK) ) *SA) + ( (CARGXL-XCOORD (KK) ) *CA)
YP (3)=( (YMINUS-YCOORD (KK) ) *CA) - ( (CARGXL-XCOORD (KK) )} *SA)
XP \4) = ( (YMINUS-YCOORD (KK) ) *SA) + ( (CARGXR~-XCOORD (KK) ) *CA)

YP (4) = ( (YMINUS~-YCOORD (KK) ) *CA) - ( (CARGXR-XCOORD (KK) ) *SA)
XMA=AMAX1 (XP (1) ,XP (2) ,XP (3),XP (4))
XMI=AMIN1 (XP (1) ,XP (2),XP(3),XP(4))
YMA=AMAX1 (YP (1) ,YP (2) ,YP(3),YP(4))
YMI=AMIN1 (YP(1),YP(2),YP(3),YP(4))
IF(NXP .GT. 0)GO TO 256

IF(LL .EQ. 3)GO TO 255

GO TO 256
WRITE(7,17)XP (1) ,YP(1),XP(2),YP(2)
WRITE(7,18)XP(3),YP(3),XP(4),YP(4)
WRITE(7,18)XMA, YMA, XMI, YMI
YSCMI=YMI/2.5

YNMI=ANINT (YSCMI)

YSCMA=YMA/2.5

YNMA=ANINT (YSCMA)

ICO=1

YCO (ICO)=YNMI

ICO=ICO+1

IC01=ICO-1

YCO (ICO)=YCO(IC01)+1.0

REM=YCO (ICO)+1.0-0.1

IF(REM .GT. YNMA)GO TO 261

GO TO 260

IF (NYCO .GT. 0)GO TO 262

IF(LL .NE. 3)GO TO 262

WRITE(7,15) (YCO(IB),IB=1,ICO)
XSUCMI=XMI/2.5

XNMI=ANINT (XSCMI)

XSCMA=XMA/2.5

XNMA=ANINT (XSCMA)

JCC=1

XCO ¢ "CO) =XNMI

JCC TCO+1

JM=JCO-1

XCO (JCO) =XCO(IM) +1.0

RAD=XCO (JCO)+1.0-0.1

IF(RAD .GT. XNMA)GO TO 2686

GO TO 264

IF (NYCO .GT. 0)GO TO 267

IF(LL .NE. 3)GO TO 267

WRITE(7,16) (XCO(JC),JdC=1,JC0)
Ip=1

Jp=1

NI=0

NJ=0

XC=XCO (JP) *2.5

YC=YCO (IP)*2.5

DP=( (-CA) *XC) + (SA*YC) +CARGOX-XCOORD (KK)
ADP=ABS (DP)

IF(ADP .LT. 1.3)GO TO 270

Jp=JP+1

IF(JP .GT. JCO)GO TO 269

GO TO 268

Ip=IP+1

IF(IF .GT. ICO)GO TO 274

JP=1

GO TO 268
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270 NI=NI+1
NJ=NJ+1
XF (NJ) =XC
YF (NI)=¥YC
IF (NXFYF .GT. 0)GO TO 271
IF(LL .NE. 3)GO TO 271
WRITE(7,14)NI,XF (NJ),YF (NI)
271 JP=JP+1
IF(JP .GT. JCO)GO TO 272

GO TO 268
272 JpP=1
IP=1IP+1
IF(IP .GT. ICO)GO TO 274
GO TO 268
274 NPOINT=NI
C
I=1
C
IF (NWS .NE. 2)GO TO 360
IF (NSR(KK) .EQ. 3)GO TO 340
IF (NSR(KK) .EQ. 2)GO TO 320
C
C MEDIUM WIND SPEED/SMALL SPILL RATE

IZ7=I27+1
302 ABX(I)=ABS(XF(I))
IF (ABX(I) .GT. 35.0)GO TO 303
IF((YF(I) .LT. 77.5) .AND. (YF(I) .GT. -20.0))GO TO 306
303 NTB(I)=2
I=I+1
IF(I .GT. NPOINT)GO TO 500
GO TO 302
306 NH7=NH7+1
IF(ZF .GT. 9.0)GO TO 310
IF(ZF .GT. 6.0)GO TO 308
IF(ZF .GT. 3.0)GO TO 308
NST=1
GG TO 311
308 NST=601
GO TO 311
309 NST=1201
GO TO 311
310 NST=1801
311 XNUM=ABX(I)/2.5
NNUMX=INT (XNUM)
NST=NST+ (40*NNUMX)
YNUM=8.0+(YF (I)/2.5)
NNUMY=INT (YNUM)
NST=NST+NNUMY
NTB (I)=NT7(NST)

I=I+1
IF (I .GT. NPOINT)GO TO 500
GO TO 302
C
C MED WIND SPEED/MED SPILL RATE
C
320 IF(N49 .EQ. 0)GO TO 400
I=1
I129=1Z9+1

322 ABX(I)=ABS(XF(I))
IF (ABX(I) .GT. 42.5)GO TO 323
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323

326

IF ((YF (D)
NTB(I)=2
I=I+1
IF (I
GO TO 322
NH9=NH9+1

IF (2F .GT.
IF(ZF .GT.
IF (2F .GT.

.LT. 95.0)

.AND. (YF(I)

.GT. NPOINT)GO TO 500

9.0)GO TO 330
6.0)GO TO 329
3.0)GO TO 328

-27.5))GO TO 326
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NST=1

GO TO 331

NST=901

GO TO 331

NST=1801

GO TO 331

NST=2701
XNUM=ABX (I) /2.5
NNUMX=INT (XNUM)
NST=NST+ (50 *NNUMX)
YNUM=11.0+(YF(I)/2.5)
NNUMY=INT (YNUM)
NST=NST+NNUMY

NTB (I)=NT9(NST)

I=I+1

IF(I .GT. NPOINT)GO TO 500
GO TO 322

328
329

330
331

C
C MEDIUM WIND SPEED/LARGE SPILL RATE
C

340 I=1
I126=I1Z6+1
342 ABX(I)=ABS(XF(I))
IF (ABX(I) .GT. 47.5)GO TO 343
IF((YF(I) .LT. 85.0) .AND. (YF(I) .GT. -37.5))GO TO 346
343 NTB(I)=2
I=I+1
IF(I .GT. NPOINT)GO TO 500
GO TO 342
346 NH6=NH6+1
IF(ZF .GT. 9.0)GO TO 350
IF(ZF .GT. 6.0)GO TO 349
IF(ZF .GT. 3.0)GO TO 348
NST=1
GO TO 351
348 NST=1001
GO TO 351
349 NST=2001
GO TO 351
350 NST=3001
351 XNUM=ABX(I) /2.5
NNUMX=INT (XNUM)
NST=NST+ (50*NNUMX)
YNUM=15.0+(YF(I)/2.5)
NNUMY=INT ( YNUM)
NST=NST+NNUMY
NTB (I) =NT6 (NST)
I=I+1
IF(I .GT. NPOINT)GO TO 500
GO TO 342
360 IF(NWS .EQ. 3)GO TO 380
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c
C LOW WIND SPEED
C
I=1
IZ8=1Z8+1

362 ABX(I)=ABS(XF(I))
IF (ABX(I) .GT. 37.5)GO TO 363
IF ((YF(I) .LT. 50.0) .AND. (YF(I) .GT. -27.5))GO TO 366

363 NTB(I)=2
I=I+1
IF(I .GT. NPOINT)GO TO 500
GO TO 362

366 NHB=NH8+1
IF (2ZF .GT. 9.0)GO TO 370
IF(ZF .GT. 6.0)GO TO 369
IF (2ZF .GT. 3.0)GO TO 368
NST=1
GO TO 371

368 NST=513
GO TO 371

369 NST=1025
GO TO 371

370 NST=1537

371 XNUM=ABX(I)/2.5
NNUMX=INT (XNUM)
NST=NST+ (32 *NNUMX)
YNUM=11.0+(YF(I)/2.5)
NNUMY=INT (YNUM)
NST=NST+NNUMY
NTB (I)=NT8 (NST)
IF (NPRTB .GT. 0)GO TO 372
IF(LL .NE. 3)GO TO 372
WRITE(7,24)I,NST,NTB(I)

372 I=I+1
IF(I .GT. NPOINT)GO TO 500
GO TO 362
C
C HIGH WIND SPEED
C
380 1I=1
IZ3=IZ3+1

382 ABX(I)=ABS(XF(I))
IF (ABX(I) .GT. 47.5)GO TO 383
IF ((YF(I) .LT. 97.5) .AND. (YF(I) .GT. -25.0))G0 TO 386
383 NTB(I)=2
I=I+1
IF(I .GT. NPOINT)GO TO 500
GO TO 382
386 NH3=NH3+1
IF(ZF .GT. 9.0)GO TO 390
IF(Z2F .GT. 6.0)GO TO 389
IF(ZF .GT. 3.0)GO TO 388
NST=1
GO TO 391
388 NST=1001
GO TO 391
389 NST=2001
GO TO 391
380 NST=3001
391 XNUM=ABX(I)/2.5
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NNUMX=INT (XNUM)
NST=NST+ (50*NNUMX)
YNUM=10.0+(YF(I)/2.5)
NNUMY=INT (YNUM)
NST=NST+NNUMY
NTB (I)=NT3 (NST)
I=I+1
IF(I .GT. NPOINT)GO TO 500
GO TO 382
C
C MED WIND SPEED/MED SPILL RATE - ALTERNATE DATA CASE
C
400 I=1
I124=124+1
402 ABX(I)=ABS(XF(I))
IF (ABX(I) .GT. 47.5)GO TO 403
IF((YF(I) .LT. 85.0) .AND. (YF(I) .GT. -27.5))GO TO 406
403 NTB(I)=2
I=I+1
IF(I .GT. NPOINT)GO TO 500
GO TO 402
406 NH4=NH4+1
IF(2F .GT. 9.0)GO TO 410
IF(ZF .GT. 6.0)GO TO 409
IF(2F .GT. 3.0)GO TO 408
NST=1
GO TO 421
408 NST=1001
© GO TO 421
409 NST=2001
GO TO 421
410 NST=3001
421 XNUM=ABX(I)/2.5
NNUMX=INT (XNUM)
NST=NST+ (50*NNUMX)
YNUM=11.0+ (YF (I)/2.5)
NNUMY=INT (YNUM)
NST=NST+NNUMY
NTB (I)=NT4 (NST)
I=I+1
IF(I .GT. NPOINT)GO TO 500
GO TO 402

500 NTB(I)=2
I=I+1
IF(I .GT. 18)GO TO 504
GO TO 500
504 TB=AMAXO (NTB(1l),NTB(2),NTB(3),NTB(4),NTB(S),NTB(6),NTB(7),
1INTB(8) ,NTB(9) ,NTB(10) ,NTB(11) ,NTB(12) ,NTB(13) ,NTB(14),
INTB(15) ,NTB(16) ,NTB(17) ,NTB(18))
IF (NTBTB .GT. 0)GO TO 505
IF(LL .NE. 3)GO TO 505
WRITE(7,24)NTB(1) ,NTB(2) ,NTB(3) ,NTB(4) ,NTB(5),NTB(6)
WRITE(7,24)NTB(7),NTB(8) ,NTB(9) ,NTB(10) ,NTB(11) ,NTB(12)
WRITE(7,24)NTB(13),NTB(14) ,NTB(15) ,NTB(16),NTB(17),NTB(18)
WRITE(7,13)TB
505 IF(KK .GT. NTRIPL)GO TO 540
IF (KK .GT. NDOUBL)GO TO 530
IF (KK .GT. NSINGL)GO TO 510
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510

T 514

530

532

534

540

610

611

612

613

TD=TB

GO TO 600

IF (JCOUNT .GT. 1)GO TO 514
TB1=TB

JCOUNT=JCOUNT + 1

GO TO 800

32=TB

TD=AMAX1 (TB1, TB2)

JCOUNT=1

GO TO 600

IF (LCOUNT .GT. 2)GO TO 534
IF (LCOUNT .GT. 1)GO TO 532
TB1=TB

LCOUNT=LCOUNT + 1

GO TO 800

TB2=TB

LCOUNT=LCOUNT + 1

GO TO 800

TB3=TB
TD=AMAX1 (TB1, TB2, TB3)
LCOUNT=1

GO TO 600

IF (KCOUNT .GT. 3)GO TO 538
IF (KCOUNT .GT. 2)GO TO 536
IF (KCOUNT .GT. 1)GO TO 535
TB1=TB

KCOUNT=KCOUNT+1

GO TO 800

TB2=TB

KCOUNT=KCOUNT+1

GO TO 800

TB3=TB

KCOUNT=KCOUNT+1

GO TO 800

TB4=TB
TD=AMAX1 (TB1, TB2, TB3, TB4)
KCOUNT=1

IF(NTDTD .GT. 0)GO TO 605
IF(LL .NE. 3)GO TO 605
WRITE(7,13)TD

NTALY1=NTALY1+1

IF(TD .GT. 475.0)GO TO 610
P(1)=P (1) +(PW(LL) *PFS (KK))
NN=1

GO TO 802

IF(TD .GT. 525.0)GO TO 611
P(2)=F (2)+ (PW(LL) *PFS (KK) )
NN=2

GO TO 802

IF(TD .GT. 575.0)GO TO 612
P(3)=P(3)+(PW(LL) *PFS (KK) )
NN=3

GO TO 802

IF(TD .GT. 625.0)GO TO 613
P(4)=P (4)+(PW(LL) *PFS (KK))
NN=4

GO TO 802

IF(TD .GT. 675.0)G0O TO 614
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614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

P (5)=P (5)+(PW(LL) *PFS (KK} )
NN=5

GO TO 802

IF(TD .GT. 725.0)GO TO 615
P (6) =P (6) + (PW(LL) *PFS (KK) )
NN=6

GO TO 802

IF(TD .GT. 775.0)GO TO 616
P (7)=P (7)+ (PW(LL) *PFS (KK) )
NN=7

GO TO 802

IF(TD .GT. 825.0)GO TO 617
P (8)=P (8) + (PW(LL) *PFS (KK) )
NN=8

GO TO 802

IF(TD .GT. 875.0)GO TO 618
P(9)=P(9) + (PW(LL) *PFS (KK) )
NN=9

GO TO 802

IF(TD .GT. 925.0)GO TO 619
P(10)=P (10) + (PW(LL) *PFS (KK) )
NN=10

GO TO 802

IF(TD .GT. 975.0)GO TO 620
P(11)=P(11)+ (PW(LL) *PFS (KK))
NN=11

GO TO 802

IF(TD .GT. 1025.0)GO TO 621
P(12)=P (12) +(PW(LL) *PFS (KK))
NN=12

GO TO 802

IF(TD .GT. 1075.0)GO TO 622
P(13)=P (13) + (PW(LL) *PFS (KK))
NN=13

GO TO 802

IF(TD .GT. 1125.0)GO TO 623
P(14)=P (14)+(PW(LL) *PFS (KK))
NN=14

GO TO 802

IF(TD .GT. 1175.0)GO TO 624
P(15)=P (15) +(PW(LL) *PFS (KK) )
NN=15

GO TO 802

IF(TD .GT. 1225.0)GO TO 625
P(16)=P (16)+ (PW(LL) *PFS (KK))
NN=16

GO TO 802

IF(TD .GT. 1275.0)GO TO 626
P(17)=P (17)+(PW(LL) *PFS (KK) )
NN=17

GO TO 802

IF(TD .GT. 1325.0)GO TO 627
P(18)=P (18)+ (PW(LL) *PFS (KK))
NN=18

GO TO 802

IF(TD .GT. 1375.0)GO TO 628
P(19)=P (19)+ (PW(LL) *PFS (KK))
NN=19

GO TO 802

IF(TD .GT. 1425.0)GO TO 629
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629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

P(20)=P(20)+(PW(LL) *PFS(KK) )
NN=20

GO TO 802

IF(TD .GT. 1475.0)GO TO 630
P(21)=P (21)+(PW(LL) *PFS (KK) )
NN=21

GO TO 802

IF(TD .GT. 1525.0)GO TO 631
P(22)=P (22) + (PW(LL) *PFS (KK) )
NN=22

GO TO 802

IF(TD .GT. 1575.0)GO TO 632
P(23)=P(23)+ (PW(LL) *PFS (KK) )
NN=23

GO TO 802

IF(TD .GT. 1625.0)GO TO 633
P(24)=P (24) + (PW(LL) *PFS (KK) )
NN=24

GO TO 802

IF(TD .GT. 1675.0)GO TO 634
P (25)=P (25) + (PW(LL) *PFS (KK) )
NN=25

GO TO 802

IF(TD .GT. 1725.0)GO TO 635
P(26)=P(26)+(PW(LL) *PFS (KK) )
NN=26

GO TO 802

IF(TD .GT. 1775.0)GO TO 636
P(27)=P (27)+(PW(LL) *PFS (KK) )
NN=27

GO TO 802

IF(TD .GT. 1825.0)GO TO 637
P (28)=P (28) + (PW(LL) *PFS (KK) )
NN=28

GO TO 802

IF(TD .GT. 1875.0)G0O TO 638
P(29)=P (29) +{PW(LL) *PFS (KK) )
NN=29

GO TO 802

IF(TD .GFT. 1925.0)GO TO 639
P (30) =P (30)+(PW(LL) *PFS (KK) )
NN=30

GO TO 802

IF(TD .GT. 1975.0)G0O TO 640
P(31)=P (31) +(PW(LL) *PFS (KK) )
NN=31

GO TO 802

IF(TD .GT. 2025.0)GO TO 641
P(32)=P(32)+(PW(LL) *PFS (KK) )
NN=32

GO TO 802

IF(TD .GT. 2075.0)GO TO 642
P (33)=P(33) +(PW{(LL) *PFS (KK) )
NN=33

GO TO 802

IF(TD .GT. 2125.0)GO TO 643
F(34)=P(34) +(PW(LL) *PFS (KK) )
NN=34

GO TO 802

IF(TD .GT. 2175.0)GO TO 644
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P (35) =P (35) + (PW(LL) *PFS (KK))
NN=35
GO TO 802

644 IF(TD .GT. 2225.0)GO TO 645
P (36)=P (36)+(PW(LL) *PFS (KK) )
NN=36
GO TO 802

645 TIF(TD .GT. 2275.0)GO TO 646
P (37)=P(37)+(PW(LL) *PFS (KK) )
NN=37
GO TO 802

646 IF(TD .GT. 2325.0)GO TO 647
P (38)=P(38) +(PW(LL) *PFS (KK))
NN=38
GO TO 802

647 IF(TD .GT. 2375.0)GO TO 648
P (39)=P(39)+(PW(LL) *PFS (KK))
NN=39
GO TO 802

648 P (40)=P (40)+(PW(LL) *PFS (KK))
NN=40

802 IF(NWEAP .EQ. 1)GC TO 800

IF ((NTALY1 .LT. 9637) .OR. (NTALYl .GT. 20000))GO TO 800
WRITE (90, 80)NN

800 IF(NPROB .GT. 0)GO TO 805
. IF(LL .NE. 432)GO TO 805

WRITE(7,12) (P(1J),IJ=1,40)

805 NTALY2=NTALY2+1
IF (NTALY2 .GT. NCOMB)GO TO 850
KK=KK+1
IF (KK .LT. NSPTO1)GO TO 250
LL=LL+1
IF(LL .GT. 432)GO TO 830
KK=1
GO TO 206

830 IF(NDEC .EQ. 2)GO TO 843
IF (NACTYP .EQ. 0)GO TO 839
WRITE(7,32)
IF (NBAY .EQ. 2)GO TO 836
IF (NBAY .EQ. 1)GO TO 835
WRITE (7, 34)
GO TO 840

835 WRITE(7,35)
GO TO 840

836 WRITE(7,36)
GO TO 840

839 WRITE(7,33)

840 WRITE(7,37)CARGOZ
IF(N49 .EQ. 0)GO TO 841
WRITE(7,40)
GO TO 859

841 WRITE(7,39)

8§59 IF(NLANDT .EQ. 0)GO TO 858
IF (NLANDT .GT. 1)GO TO 855
IF (NLAND2 .EQ. 1)GO TO 856
WRITE(7,70)RLTO
WRITE(7,46)
GO TO 857
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855
856
858

473
878
857
843

810

824
811

812

475

477

814

816

817
818

819

820
825

832

WRITE (7, 48)
GO TO 857
WRITE (7, 47)
GO TO 857
WRITE(7,78)

IF (NDISTR .GT.

WRITE (7, 66)
GO TO 878
WRITE (7, 67)

12)Go To 473

WRITE(7,69)NLA,NTA

WRITE (7, 44)

WRITE (7, 38) ANGLAC

IF (NDISTR .GT.
IF(NDISTR .GT.
IF(NDISTR .GT.

WRITE(7,77)
WRITE (7, 54)
GO TO 825
IF (LEFTRI
WRITE (7,58)
GO TO 811

WRITE(7,59)

IF (NDISTR .GT.

WRITE (7,55)
GO TO 825

IF (NDISTR .GT.

WRITE (7,56)
GO TO 825

IF (NDISTR .GT.

WRITE (7, 64)
GO TO 825
WRITE (7, 65)
GO TO 825

IF (NDISTR .GT.
IF (NDISTR .GT.

WRITE (7,77)
WRITE(7,60)
GO TO 825

IF (LEFTRI -EQ
WRITE(7,59)
GO TO 818
WRITE(7,58)

IF (NDISTR .GT.

WRITE(7,61)
GO TO 825

IF (NDISTR .GrT.

WRITE(7, 62)
GO TO 825
WRITE(7,63)
I=1

CEQ.

11)Go To 825
7)GO TO 814
3)GO TO 810

1)GO TO 824

4)GO TO 812

3)GO TO 475

6)GO TO 477

11)GO 10 825
8)GO TO 816

0)GO To 817

9)GO To 819

10)Go To 820

WRITE(7,22)NTALY1,NTALY2
50.0

TC=4

IF (NDEC .E
PE (40)=P (40)
N=39

N1=N+1

Q. 2)Go TO 865

PE(N)=PE(N1)+P(N)
1

N=N-

IF(N .LT. 1)Go TO 834

GO TO 832
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834 IF(NLANDT .NE. 1)GO TO 867

Lb=1

868 PE (LD) =1.89474*PE (LD)
LD=LD+1
IF (LD .GT. 40)GO TO 869
GO TO 868

867 IF (NLANDT .EQ. 0)GO TO 869
LT=1

871 PE(LT)=2.11765%PE (LT)
LT=LT+1
IF (LT .GT. 40)GO TO 869
GO TO 871

869 WRITE(7,72)
WRITE(7,45)IZ3,IZ4,IZG,IZ7,IZS,IZQ
WRITE(7,71)
WRITE(7,45)NH3,NH4,NH6,NH7,NH8,NH9
WRITE(7,20)

883 WRITE(7,21)P(I),TC,PE(I)
TC=TC+50.0
I=I+1
IF(I .GT. 37)GO TO 872
GO TO 883

872 I=2

886 WRITE(70,68)PE(I)

I=I+1
IF(I .GT. 37)GO TO 873
GO TO 886

873 NDEC=2

WRITE(7,73)
ANGLAC=ANGLA2
IF (NLANDT .EQ. 0)GO TO 860

6€0 IF(NDISTR .GT. 3)GO TO 661
CLOSE(UNIT=40)
CLOSE(UNIT=41)
CLOSE(UNIT=42)

CLOSE (UNIT=43)
GO TO 685

661 IF(NDISTR .GT. 4)GO TO 662
CLOSE(UNIT=21)
CLOSE(UNIT=22)
CLOSE(UNIT=23)

CLOSE (UNIT=24)
GO TO 685

662 IF(NDISTR .GT. 5)GO TO 663

CLOSE (UNIT=44)
CLOSE (UNIT=45)
CLOSE(UNIT=46)
CLOSE (UNIT=47)
GO TO 685

663 IF(NDISTR .GT. 6)GO TO 664

CLOSE (UNIT=64)
CLOSE (UNIT=65)
CLOSE (UNIT=66)
CLOSE (UNIT=67)

GO TO 685

664 IF(NDISTR .GT. 7)GO TO 665
CLOSE(UNIT=72)
CLOSE(UNIT=73)

CLOSE (UNIT=174)
CLOSE (UNIT=75)
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GO TO 685

665 IF(NDISTR .GT. 8)GO TO 666
CLOSE (UNIT=48)

CLOSE (UNIT=49)
CLOSE (UNIT=50)
CLOSE (UNIT=51)
GO TO 685

666 IF (NDISTR .GT. 9)GO TO 667
CLOSE (UNIT=52)

CLOSE (UNIT=53)
CLOSE (UNIT=54)
CLOSE (UNIT=55)
GO TO 685

667 IF(NDISTR .GT. 10)GO TO 668
CLOSE (UNIT=56)

CLOSE (UNIT=57)
CLOSE (UNIT=58)
CLOSE (UNIT=59)
GO TO 685

668 CLOSE (UNIT=60)
CLOSE (UNIT=61)
CLOSE (UNIT=62)
CLOSE (UNIT=63)

685 NLANDT=NLAND2
NDISTR=NDIST2
NSINGL=NSING2
NDOUBL=NDOUB2
NTRIPL=NTRIP2
NSPTOT=NSPTO2
LEFTRI=LEFTR2

GO TO 860

865 PE1(40)=P (40)
N=39

874 N1=N+1
PE1l (N)=PE1 (N1)+P (N)
N=N-1
IF(N .LT. 1)GO TO 875
GO TO 874

875 IF (NLANDT .EQ. 2)GO TO 880
IF (NLANDT .EQ. 0)GO TO 881

LD=1

876 PE1(LD)=1.89474*PE1 (LD)
LD=LD+1
IF(LD .GT. 40)GO TO 881
GO TO 876

880 LT=1

882 PE1(LT)=2.11765*PE1(LT)
LT=LT+1
IF (LT .GT. 40)GO TO 881
GO TO 882

881 WRITE(7,72)
WRITE(7,45)IZ3,IZ4,IZG,IZ7,IZS,IZQ
WRITE(7,71)
WRITE(?,45)NH3,NH4,NH6,NH7,NH8,NH9
WRITE(7,2C;

884 WRITE(7,21)P(I),TC,PE1(I)
TC=TC+50.0
I=I+1
IF(I .GT. 40)GO TC 885
GO TO 884
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885 I=2
887 WRITE(71,68)PE1(I)
I=I+1
IF(I .GT. 37)GO TO 888
GO TO 887
888 J=2
IF (NLANDT .GT. 0)GO TO 897
WRITE(7,79)
897 WRITE(7,74)
WRITE(7,76)
IF (NLANDT .EQ. 0)GO TO 894
889 P2Z=((PE(J) *RLTO)+PE1 (J)) / (RLTO+1.0)
WRITE(7,75)P2
WRITE (69, 68)PZ
J=J+1
IF(J .GT. 37)GO TO 850
GO TO 889
894 ANLA=NLA
ANTA=NTA
AT=ANTA+ANLA
AL=ANLA/AT
AZ=ANTA/AT
890 PZ=(AL*PE(J))+ (AZ*PE1 (J))
WRITE(7,75)P2
WRITE (69,68)PZ
J=J+1
IF(J .GT. 37)GO TO 850
GO TO 890
850 STOP
END
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EXAMPLE OUTPUT #1

ELLSWORTH AF BASE, SD - RUNWAY ANGLE 310.0
TYPE OF ALERT AIRCRAFT: B-1B

MIDDLE BAY

CARGO HEIGHT, FT 10.1

USED FIRE TEST 9 DATA OPTION

RATIO LANDING TO TAKE-OFF CRASHES 3.0

LANDING COLLISION 1ST CASE, TAKE-OFF 2ND CASE

RESULTS OF FIRST CASE
ANGLE ALERT A/C POINTED FROM NORTH 30.0
COLLISION INTO RIGHT SIDE OF ALERT AIRCRAFT

FUEL SPILL DISTR 5, LG A/C 90 D SIDE B-1B

101688 269952

Figure E-6

NO. ARRANGEMENTS USED; TESTS 3,4,6,7,8,9

89984 0 23636 31388 89984
NO. ARRANGEMENTS EVALUATED;TESTS3,4,6,7,8,9
345564 0 128548 63180 258840 1
PROBABILITY TEMP DEG F PROB EXCEED
0.283E+00 450. 0.113E+01
0.166E-01 500. 0.595E+00
0.213E-01 550. 0.564E+00
0.172E-01 600. 0.523E+00
0.973E-02 650. 0.491E+00
0.124E-01 700. 0.472E+00
0.121E-01 750. 0.449E+00
0.159E-01 800. 0.426E+00
0.775E-02 850. 0.396E+00
0.828E-02 800. 0.381E+00
0.822E-02 950. 0.365E+00
0.288E-01 1000. 0.350E+00
0.391E-01 1050. C¢.295E+00
0.918E-03 1100. 0.221E+00
0.425E-02 1150. 0.219E+00
0.653E-02 1200. 0.211E+00
0.140E-01 1250. 0.199E+00
0.511E-02 1300. 0.173E+00
0.171E-02 1350. 0.163E+00
0.408E-02 1400. 0.160E+00
0.811E-02 1450. 0.152E+00
0.310E-02 1500. 0.137E+00
0.149E-01 1550. 0.131E+00
0.308E-02 1600. 0.102E+00
0.523E-02 1650. 0.966E-01
0.118E-02 1700. 0.867E-01
0.409E-02 1750. 0.845E-01
0.686E-02 1800. 0.767E-01
0.202E-02 1850. 0.637E-01
0.285E-02 1900. 0.599E-01
0.433E-02 1950. 0.545E-01
0.106E-02 2000. 0.463E-01
0.128E-01 2050. 0.443E-01
0.000E+00 2100. 0.200E-01
0.105e-01 2150. 0.200E-01
0.000E+00 2200. 0.000E+00
0.000E+00 2250. 0.000E+00
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EXAMPLE OUTPUT #1 (continued)

RESULTS FOR SECOND CASE

ANGLE ALERT A/C POINTED FROM NORTH 120.0
COLLISION INTO DIRECT REAR OF ALERT AIRCRAFT
FUEL SPILL DISTR 3, LG A/C INTO REAR B-1B

201144 611592
NO. ARRANGEMENTS USED; TESTS 3,4,6,7,8,9

203864 o 60384 48756 203864 94724
NO. ARRANGEMENTS EVALUATED;TESTS3,4,6,7,8,9
671668 0 254452 62872 508888 325440
PROBABILITY TEMP DEG F PROB EXCEED
0.214E+00 450. 0.673E+00
0.610E-02 500. 0.220E+00
0.18%E-02 550. 0.207E+00
0.475E-02 600. 0.203E+00
0.559E~02 650. 0.193E+00
0.663E-02 700. 0.181E+00
0.455E-02 750. 0.167E+00
0.379E-02 800. 0.158E+00
0.550E~02 850, 0.150E+00
0.464E-02 900. 0.138E+00
0.310E-02 950. 0.128E+00
0.135E-01 1000. 0.122E+00
0.734E-02 1050. 0.931E-01
0.489E-02 1100. 0.775E-01
0.153E-02 1150. 0.672E-01
0.224E-02 1200. 0.640E-01
0.168E-02 1250. 0.592E-01
0.278E-02 1300. 0.557E-01
0.592E-04 1350. 0.498E-01
0.498E-02 1400. 0.496E-01
0.200E-02 1450, 0.391E-01
0.248E-03 1500. 0.348E-01
0.548E-02 1550, 0.343E-01
0.254E-03 1600. 0.227E-01
0.146E-02 1650. 0.222E-01
0.335E-03 1700. 0.191E-01
0.276E-02 1750. 0.184E-01
0.149E-03 1800. 0.125E-01
0.386E-03 1850. 0.122E-01
0.200E-02 1900. 0.114E-01
0.711E-03 1950. 0.716E-02
0.271E-03 2000. 0.566E-02
0.191E-02 2050. 0.508E-02
0.0C0E+00 2100. 0.104E-02
0.492E-03 2150. 0.104E-02
0.000E+00 2200. 0.000E+00
0.000E+00 2250. 0.000E+00
0.000E+00 2300. 0.0GO0E+00
0.000E+00 2350. 0.000E+00
0.000E+00 2400. 0.000E+00

Figure E-6 (continued)
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EXAMPLE OUTPUT #1 (continued)

MEAN PROBABILITY VALUES
500 TO 2250 DEG F

.5013
.4745
.4432
.4163
.3996
.3785
.3588
.3342
.3203
.3060
.2927
. 2447
.1853
.1814
.1745
.1641
.1433
.1346
.1322
.1237
L1111
.1066
.0825
.0780
.0698
.0679
. 0607
.0508
.0478
.0427
.0361
.0345
.0153
.0153
.0000
0.0000
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Figure E-6 (continued)
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EXAMPLE OUTPUT #2

WURTSMITH AF BASE - RUNWAY ANGLE 240.0

TYPE OF ALERT AIRCRAFT: B-52

CARGO HEIGHT, FT 7.1

USED FIRE TEST 9 DATA OPTION

GROUND ACCIDENT; FUEL FROM ALERT A/C ONLY

FUEL SPILL DISTR 13, ENGINE SPILL B-52

NO. OF AIRCRAFT IN 1ST & 2ND DIRECTION 4
RESULTS OF FIRST CASE

ANGLE ALERT A/C POINTED FROM NORTH 230.0

1728 2592
NO. ARRANGEMENTS USED; TESTS 3,4,6,7,8,9
864 0 0 864 864
NO. ARRANGEMENTS EVALUATED;TESTS3,4,6,7,8,9
3132 0 0 2212 2724
PROBABILITY TEMP DEG F PROB EXCEED
0.464E+00 450. 0.100E+01
0.108E-01 500. 0.536E+00
0.000E+00 550. 0.525E+00
0.289E-01 600. 0.525E+00
0.299E-01 650. 0.496E+00
0.260E-01 700. 0.466E+00
0.112E-01 750. 0.440E+00
0.000E+00 800. 0.429E+00
0.254E-01 850. 0.429E+00
0.15%E-02 900. 0.404E+00
0.159E-02 950. 0.402E+00
0.000E+00 1000. 0.401E+00
0.397E-01 1050. 0.401E+00
0.000E+00 1100. 0.361E+Q0
0.544E-02 1150. 0.361E+00
0.401E-02 1200. 0.355E+00
0.000E+00 1250. 0.351E+00
0.139E-02 1300. 0.351E+00
0.000E+00 1350. 0.350E+00
0.142E-01 1400. 0.350E+00
0.28%E-01 1450. 0.336E+00
0.197E-01 1500. 0.307E+00
0.000E+00 1550. 0.287E+00
0.197E-01 1600. 0.287E+00
0.497E-01 1650. 0.268E+00
0.640E-01 1700. 0.218E+00
0.451E-01 1750. 0.154E+00
0.578E-03 1800. 0.109E+00
0.171E-01 1850. 0.108E+00
0.361E-01 1900. 0.911E-01
0.528E-01 1950. 0.550E-01
0.108E-02 2000. 0.215E-02
0.107E-02 2050. 0.107E-02
0.000E+00 2100. 0.000E+00
0.000E+00 2150. 0.000E+0Q0
0.000E+00 2200. 0.000E+00
0.000E+00 2250. 0.000E+00

Figure E-6 (continued)
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EXAMPLE OUTPUT #2 (continued)

RESULTS FOR SECOND CASE

ANGLE ALERT A/C POINTED FROM NORTH 140.0

1728 2592
NO. ARRANGEMENTS USED; TESTS 3,4,6,7,8,9
864 0 0 864 864
NO. ARRANGEMENTS EVALUATED;TESTS3,4,6,7,8,9
3132 0 0 2212 2724
PROBABILITY TEMP DEG F PROB EXCEED
0.530E+00 450. 0.100E+01
0.231E-01 500. 0.470E+00
0.000E+00 550. 0.447E+00
0.123E-01 600. 0.447E+00
0.102E-01 650. 0.435E+00
0.1/0E-01 700. 0.424E+00
0.207E-01 750. 0.414E+00
0.000E+00 800. 0.394E+00
0.211E-01 850. 0.394E+00
0.000E+00 900. 0.373E+00
0.904E-02 950. 0.373E+00
0.000E+00 1000. 0.363E+00
0.233E-01 1050. 0.363E+00
0.000E+00 1100. 0.340E+00
0.928E-02 1150. 0.340E+00
0.110E-01 1200. 0.331E+0Q0
0.000E+00 1250. 0.320E+00
0.883E-03 1300. 0.320E+00
0.000E+00 1350. 0.319E+00
0.444E-02 1400. 0.319E+00
0.123E-01 1450. 0.315E+00
0.673E-02 1500. 0.302E+Q0
0.000E+00 1550. 0.296E+00
0.202E-01 1600. 0.296E+00
0.321E-01 1650. 0.275E+00
0.661E-01 1700. 0.243E+00
0.308E-01 1750. 0.177E+00
0.200E-03 1800. 0.146E+00
0.248E-01 1850. 0.146E+00
0.442E-01 1900. 0.121E+400
0.762E-01 1950. 0.772E-01
0.541E-03 2000. 0.103E-02
0.487E-03 2050. 0.487E-03
0.000E+00 2100. 0.000E+00
0.000E+00 2150. 0.000E+00
0.000E+00 2200. 0.000E+00
0.000E+00 2250. 0.000E+00
0.000E+00 2300. 0.000E+00
0.000E+00 2350. 0.000E+uv
0.000E+00 2400. 0.000E+00

Figure E-6 (continued)
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EXAMPLE OUTPUT #2 (continued)

MEAN PROBABILITY VALUES
500 TO 2250 DEG F

.4993
.4816
.4816
.4620
.4430
.4259
.4095
.4095
.3864
.3857
.3800
.3800
.3494
.3494
.3418
.3339
.3339
.3328
.3328
.3241
.3044
.2919
.2919
L2719
.2320
.1668
.1297
.1293
.1080
.0673
.0015
.0007
.0000
.0000
.0000
.0000
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Figure E-6 (continued)
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Appendix F
SUPPLEMENTARY RESULTS

This appendix contains various results that were calculated and plotted but
not included in the main body of the report.



ENGINE START ACCIDENT

08 T BARKSDALE; ALERT AIRCRAFT — B-52
CARGO AT 7 ft HEKGHT IN BAY
DIRECTIONS ALERT AIRCRAFT POINTED:
0.5 %6eg 4 EACH AT 170 deg
- / 4 EACH AT 80 deg
g 04 T k D TN
2 03 1+
@
[«]
€
Q g2 4
0t +
0 4
500 1000 1500 2000
( a) TEMPERATURE, deg F
ENGINE START ACCIDENT
CARSWELL; ALERT AIRCRAFT — B-52
05 T CARGO 7 ft HEIGHT IN BAY
W _____ DIRECTIONS ALERT AIRCRAFT POINTED:
\ 4 anch at 270 deg ‘
0.4 - “m=-- 4 each at 180 deg
R EEN 270 deg
g 03 + R
2 N
@ WEIGHTED MEAN
Qo2+ e .
a /' .......
o1 + 180 deg R )
0 + — } + - . -
500 1000 1500 2000 ’
(b) TEMPERATURE, deg F
ENGINE START ACCIDENT
06 T FAIRCHILD; ALERT AIRCRAFT — 8-52
CARGO AT 7 ft HEIGHT IN BAY
130 deg DIRECTIONS ALERT AIRCRAFT POINTED:
05 +-oenn. . 2 EACH AT 220 deg
N e, / 2 EACH AT 130 deg
@
<
o
[]
3
o
(C) TEMPERATURE, deg F

Figure F-1  Probability of Exceeding Given Temperatures for Various B-52 Bases
E-2



ENGINE START ACCIDENT

05 T SAWYER; ALERT AIRCRAFT — B-52
CARGO AT 7 ft HEIGHT iN BAY
DIRECTIONS ALERT AIRCRAFT POINTED:
] 100 4 EACHAT 10 deg
04 R \ - 5 EACH AT 100 deg
g 03 +
@
@ ~——
(-] N e e
Qo021 WEGHYED MEAN
o
o1 ¢
0 + 4 ' ' + ' 4
500 1000 1500 2000
( d) TEMPERATURE, deg F
ENGINE START ACCIDENT
05 1. WURTSMITH; ALERT AIRCRAFT - B-52
""" CARGO AT 7 ft HEIGHT IN BAY
. Wody DIRECTIONS ALERT AIRCRAFT POINTED:
04 +~o-_ \". 4 EACH AT 230 deg
) N NS " S EACH AT 140 deg
E 03 4
@ WEGHTED MEAN =N, ‘
<
@
Qo2+ 140 dog
a
0.1 +
] + } o 4 + " Y
500 1000 1500 2000
( e) TEMPERATURE, deg F
ENGINE START ACCIDENT
0.6 1 CASTLE; ALERT AIRCRAFT — 8-52
;
0.5 +'\
E 0.4 +
Boal
Q
[} TN
© WO
8 g2 ¢ .
..... N
SaZis,
SN
o1 + R W .
\
\ \
o . & e b \\-"‘ 3. ‘\' 4
500 1000 1500 2000
TEMPERATURE, deg F
Figure F-2  Probability of Exceeding Given Temperatures for Various Heights at

Castle AF Base
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0.6

0.5 1

PROBABILITY

0.1 +

04 T

03 T

02 +

ENGINE START ACCIDENT

120 dog ELLSWORTH; ALERT AIRCRAFT — B-1B
CARGO 10 ft HEIGHT AFT BAY
\’/ DIRECTIONS ALERT AIRCRAFT POINTED:
~~~~ 4 EACH 30 deg
: 30 deg 4 EACH 120 deg

0.6 T

04 +

PROBABILITY

0.2 +

01 +

03 t+

1000 1500 2000
TEMPERATURE, deg F

ENGINE START ACCIDENT
GRAND FORKS; ALERT AIRCRAFT — B-18
CARGO 10 ft HEIGHT AFT BAY
DIRECTIONS ALERT AIRCRAFT POINTED:
- HALF AT 30 deg
HALF AT 80 deg

0.7

0.8

05 +

PROBABILITY

02 T

01 +

04 +

03 t

TEMPERATURE, deg F

ENGINE START ACCIDENT
MCCONNELL; ALERT AIRCRAFT — B-1B
CARGO 10 ft HEIGHT AFT BAY
DIRECTIONS ALERT AIRCRAFT POINTED:

190deg 5 EACH AT 190 deg

5 EACH AT 10 deg

.,

......

WEIGHTED MEAN N

..

[

(©)
Figure F-3

1

1000 1300 2000
TEMPERATURE, deg F

Probability of Exceeding Given Temperature for Weapons
in Aft Bay of B-1B
F-4



FAIRCHILD; ALERT AIRCRAFT — B-52
CARQGO AT 7 ft HEIGHT IN BAY
DIRECTION ALERT AIRCRAFT POINTED:

0.5

TAKE-OFF COLLISION; 130 deg
0.4 LANDING COLLISION; 220 deg
COLLISION ANGLE INTO ALERT AIRCRAFT:
LANDING TAKE-OFF; BROADSIDE RIGHT
t LANDING; DIRECT REAR
S 03T (WEIGHTING: FREQUENCY OF LANDING
3 ACCIDENT/TAKE-OFF ACCIDENT = 3.0)
S
e 02T TAKE-OFF
o
WEIGHTED MEAN
01 +
0 + + $ $ ¢ e |
500 1000 1500 2000
( a) TEMPERATURE, deg F
MINOT; ALERT AIRCRAFT — B-52
06 T CARGO 7 ft HEIGHT IN BAY
DIRECTION ALERT AIRCRAFT POINTED:
TAKE-OFF COLLISION; 330 and 240 dag (squal)
0.5 + LANDING LANDING COLLISION; 330 and 240 deg (equal)
COLLISION ANGLE INTO ALERT AIRCRAFT:
TAKE-OFF: 45 deg FROM FRONT ON LEFT and
04 + 45 deg FROM FRONT ON RIGHT
E LANDING: 45 deg FROM REAR ON RIGHT and
=l WEIGHTED MEAN 45 deg FROM REAR ON LEFT
2 03 + (WEIGHTING: FREQUENCY OF LANDING
o ACCIDENT/TAKE-OFF ACCIDENT = 3.0)
o]
[+ 4
Q024
01 +
0 t $ t t ——f
500 1000 1500 2000
( b) TEMPERATURE, deg F

Figure F-4  Probability of Exceeding Given Temperatures for Various
B-52 Bases
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PROBABILITY

PROBABILITY

0.5

0.4

03

0.2

0.1

0.6

0.5

0.4

03

Figure F-4

SAWYER; ALERT AIRCRAFT — B-52
CARQO AT 7 ft HEIGHT IN BAY
DIRECTION ALERT AIRCRAFT POINTED:

TAKE-OFF COLLISION; 100 deg

LANDING COLLISION; 10 deg
COLLISION ANGLE INTO ALERT AIRCRAFT:
‘/ TAKE-OFF; BROADSIDE LEFT

LANDING; DIRECT REAR

(WEIKGHTING: FREQUENCY OF LANDING
ACCIDENT/TAKE-OFF ACCIDENT = 3.0)

LANDING

LANDING

WEIGHTED MEAN

.‘-
1

500 1000 1500 2000

TEMPERATURE, deg F

WURTSMITH; ALERT AIRCRAFT — B-52
CARGO AT 7 ft HEIGHT IN BAY
DIRECTION ALERT AIRCRAFT POINTED:
TAKE-OFF COLLISION; 140 deg
LANDING COLLISION; 230 deg
COLLISION ANGLE INTO ALERT AIRCRAFT:
TAKE-OFF; BROADSIDE RIGHT
LANDING; DIRECT REAR
(WEIGHTING: FREQUENCY OF LANDING
ACCIDENT/TAKE-OFF ACCIDENT = 3.0)

LANDING

x
A

WEIGHTED MEAN

4

TEMPERATURE, deg F

Probability of Exceeding Given Temperatures for Various
B-52 Bases (continued)
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AIRCRAFT COLLISION INTO ALERT AIRCRAFT
CARSWELL; ALERT AIRCRAFT — B-52

06 T DIRECTION ALERT AIRCRAFT POINTED:
TAKE-OFF COLLISION; 270 deg
LANDING COLLISION; 180 deg
0.5 1 COLLISION ANGLE INTO ALERT AIRCRAFT:
- TAKE-OFF; BROADSIDE LEFT
. RN LANDING; DIRECT REAR
> 04 T CARGO HEIONT, t
g ‘\'\. 1
< 03 T
@ | N Tl T N e .
[e]
&« L e T TSN ’
@ g2
"""" “10
ot ¢+ .
SRS
R,
° — S
500 2000
TEMPERATURE, deg F
(a)
AIRCRAFT COLLISION INTO ALERT AIRCRAFT
EAKER; ALERT AIRCRAFT - B-52
05 1 DIRECTION ALERT AIRCRAFT POINTED:
TAKE-OFF COLLISION; 270 deg
LANDING COLLISION; 0 deg
COLLISION ANGLE INTO ALERT AIRCRAFT:
TAKE-OFF; BROADSIDE RIGHT
. LANDING; DIRECT REAR
E 03 T \‘\.\. """" Rt
@ RS
< N
@ Sl
g 0.2 + \‘N._\
o RETSURUILLIEIN
0.1 T .
N
) + } + + S
500 1000 1500
(b) TEMPERATURE, deg F
AIRCRAFT COLLISION INTO ALERT AIRCRAFT
0.5 & FAIRCHILD; ALERT AIRCRAFT — B8-52
DIRECTION ALERT AIRCRAFT POINTED:
. TAKE-OFF COLLISION 130 deg
04 + LANDING COLLISION; 220 deg
S _— COLLISION ANGLE INTO ALERT AIRCRAFT:
S S~ TAKE-OFF; BROADSIDE RIGHT
z pRN Sl LANDING; DIRECT REAR
=5 031 N, ™\
ﬁ S, o \\_ -
-3 CAROO WEIGHT,#  “~._ oo ) =
g2 1 Pl
_____ 4 )
N
01 T | ... 7 RN
Was.
NN
T 10 SN,
0 } —— + + ALY —
500 1000 1500 2000
(©) TEMPERATURE, deg F
Figure F-5  Probability of Exceeding Given Temperatures vs Height

for Various B-52 Bases
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05 1 GRAND FORKS; ALERT AIRCRAFT —- B-1B
LANDING CARQGO 10 ft KEIGHT AFT BAY :
DIRECTION ALERT AIRCRAFT POINTED:
TAKE-OFF COLLISION; 80 and 30 deg (squal)
LANDING COLLISION; 80 deg
COLLISION ANGLE INTO ALERT AIRCRAFT:
TAKE-OFF; BROADSIDE LEFT and 45 deg
FROM FRONT ON LEFT
LANDING; BROADSIDE RIGHT
(WEIGHTING: FREQUENCY OF LANDING
ACCIDENT/TAKE-OFF ACCIDENT = 3.0)

0.4 1

e
w

TAKE-OFF

PROBABILITY
o
N

o1 + WEIGHTED MEAN

500 1000 1500 2000
TEMPERATURE, deg F

Figure F-6  Probability of Exceeaing Given Temperature for Aft Bay
at Grand Forks AF Base

PROBABILITY OF EXCEEDING VARIOUS TEMPERATURES
06 + VS.COLLISION ANGLE OF TAKE-OFF AIRCRAFT

ELLSWORTH AF BASE
< TEMP, deg F
04 + 500
—{0—— 1000
s
—0— 1500
0.2 +
(L’\/O/é
0 $ $ + {
-0 45 (1] 45 90

DIRECTION OF MOTION OF COLLIDING AIRCRAFT
RELATIVE TO NORMAL TAKE-OFF DIRECTION, deg
<4—CCwW CW—p

Figure F-7 Probability vs Collision Angle for Take-off Collision at Elisworth AFB
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AIRCRAFT COLLISION INTO ALERT AIRCRAFT
McCONNELL; ALERT AIRCRAFT — B-1B

o7 T CARGO AFT BAY POSITION
DIRECTION ALERT AIRCRAFT POINTED:
06 4 TAKE-OFF COLLISION; 10 deg
) LANDING COLLISION; 190 deg
N COLLISION ANGLE INTO ALERT AIRCRAFT:
05 + ~t~e el - TAKE-OFF; DIRECT REAR
M SR I . LANDING; DIRECT REAR

t .. tveelll -
= 04+ N e\
m|m \‘ ‘\‘
g CARGO HEIGHT, t \ .
O 0.3 A —-—
[+ S 1 \‘\"‘.
Q. TN,

024+ |TTTT 4

ord |_ ’ =0

D B o 10 \,\‘*‘.\\

LT
0 t t + t + |
500 1000 1500 2000

TEMPERATURE, deg F

Figure F-8  Probability of Exceeding Given Temperature for Aft Bay
for Various Heights at McConnell AF Base
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