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ABSTRACT

A computer simulation model designed to help solve
regional air traffic scheduling problems was developed.
Bases, mission areas, and aircraft were modeled using the
simulation language SIMSCRIPT. Events in the simulation
included takeoffs, departures, enroutes, missions, arrivals
at Initial Approach Fixes (IAFs) and landings.

To demonstrate potential use of the model, the problem

of rescheduling Strategic Air Command (SAC) aircraft upon

base closures was addressed. Two strategies for the diversion

of such aircraft were developed, implemented and the results

compared on the basis of impact on final destination bases and

average aircraft airborne time. Strategy 1 entailed the re-
routing of aircraft to designated alternate bases or to the
nearest open base without constraint. Strategy Z involved
the selection of an alternate base by insuring that parking
spaces and appropriate maintenance support were available.
Finally, extensions to the model and recommendations are

discussed.
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I. THE PROBLEM

A. INTRODUCTION
Air traffic management has been a controversial topic

in recent years but several tragic accidents in the past

two years have refocused concern on the need for safer air-

craft operations. The mid-air collision in September of 1978

involving a commercial Boeing 727 and a single-engine Cessna

? aircraft, called the worst disaster in the history of aviation

: in the United States, highlighted the need for better air
traffic management. Because a military terminal radar
facility exercised control of the commercial aircraft and
transferred control to a civilian airport tower minutes

v before the mid-air collision, the need for Department of

Defense (DOD) involvement in the improvement of air traffic

management became more evident.

E - In mid~1975, a Headquarters, United States Air Force (HQ,
f USAF) General Officers' Panel was convened to investigate
mid-air collision problems. An initiative which resulted from
this investigation was the Air Training Command's SMOOTH FLOW
Program. This provided guidelines for the scheduling of

air operations to preclude air traffic saturation at

command bases. The investigation revealed that at least

four factors bear on the high collision potential and air

traffic saturation problem in terminal areas: (1) increasing

number of military air operations, (2) increasing number of
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civil air operations, (3) increasing consolidation and
restriction on use of airspace, and (4) increasingly complex
scheduling problems. The investigation further revealed
that readiness and training requirements precluded major
decreases in military air operations. Since the second
and third factors were beyond the direct control of DOD,
the fourth factor, scheduling, was the area where improve-
ments could be made. Suggestions offered by the study to
ameliorate conditions detrimental to smooth and orderly
terminal air traffic included integrated base and regional
scheduling methods.

The subject of this thesis is the rescheduling of air-
craft to alternate bases when base closures occur, These
base closures sometimes occur with little or no warning such
as when an aircraft crashes or experiences tire failures on
takeoff or landing. Probably the most common reason for base
closure is weather phenomena which preclude runway opera-
tions and often affect several bases at the same time. The
absorption of the air traffic from the closed bases into
the terminal areas of alternate bases greatly complicates the
air traffic control situation. Additicnal considerations
such as low fuel states, weather, crewmember experience
levels, maintenance support capability and security require-
ments confront the military commanders and planners and
require decisive actions in order to recover all aircraft

safely.

10




B. BACKGROUND

The investigation into the feasibility of developing
a regional scheduling scheme involved the analysis of air
operations and their attendant unit scheduling methods.
This investigation revealed some interesting factors
concerning air traffic management. First, and not sur-
prisingly, the orderly flow of traffic at an air base is
highly dependent on the numbers, missions, and types of
assigned and transient aircraft. For example, the air
traffic control situation at an Air Force pilot training
base with its high density of similar aircraft is very
different from that at an air base serving all sizes of jet
and propeller-driven aircraft including helicopters.

A second factor in air traffic management is that a
certain level of integrated base and regional scheduling
exists within the Air Force and other services but it is
often a fragmented process which has resulted because of
conflicts, mission requirements, or joint use requirements
and not because of a well-conceived grand strategy.
Examples of this coordination or scheduling integration
include air refueling, fighter intercept training, bombing
and gunnery range practice, and joint service exercises.
Often these activities are governed by inter-governmental,
inter-service, inter-command, or joint use agreements. The
pervasiveness and complexity of these agreements greatly
complicate attempts by any one service or agency to provide

better air traffic management.

11
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A third factor is that the Air Traffic Control (ATC) j
facility at an air base operates under Federal Aviation |
Regulations (FAR's) and other national and local regula-
tions and agreements which are not under the operational
control of local or regional commanders. Certainly the
commanders influence the traffic controls at their installa- |
tions but they do not directly control them under normal
conditions. Even special interest and congested bases

which are classified as Prior Permission Required (PPR) in

Bl

; the Instrument Flight Rules (IFR) Enroute Supplement to the
DOD Flight Information Publications (FLIP) cannot deny

b terminal area privileges to emergency aircraft. The DOD

: FLIP embodies the policies and procedures which apply to

military operations (over and above applicable civilian

regulations) and constitutes a higher authority than the
operational commander. ﬁ
, The fourth factor concerns the very complexity of

scheduling a single unit's operational and training require-

ments. Interviews with unit schedulers have revealed that

constraints involving maintenance requirements, environ-
mental considerations, collateral operational or training
commitments and others severely limit the flexibility

? required in making large-scale changes in unit scheduling
practices. To extend this to basewide or regional levels
requires strategies which accommodate these operational

and training requirements while simultaneously satisfying

0> gl 10 o 08 O0eol g0 0 S N0W,, i b
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the aforementioned constraints and the objective of smooth
and orderly air traffic flow.

Discussions with commanders, air traffic control
specialists, aircrewmembers and schedulers have indicated
that each regards the terminal air traffic control situation
as manageable and unstressed when operations develop as
they were planned. However, these same people concede
that weather, accidents, exercises and other factors which
are not under the control of planners do in fact stress the
situation and cause numerous problems. Obviously, planners
have developed plans for contengencies but often these plans
are in conflict with each other when viewed from a larger
perspective. The classic example is the diversion of all
aircraft from one base which has a closed runway to the
closest open base. Often this results in a stressed con-
dition at the second base which could have been avoided.

Because of the complexity involved in formulating a
regional scheduling scheme, it proved beneficial to investi-
gate a subset of all air traffic operations in a region in
order to reduce overall regional saturation. A good candi-
date for this investigation was the air traffic at Strategic
Air Command (SAC) bases. The very nature of the SAC air-
craft mission was amenable to this regional investigation
because the operational command and control (CZ) of the
aircraft operations is regional and involves numerous

aircraft and bases which are strictly and systematically

13




controlled. If rescheduling of SAC aircraft to alternate
bases is necessary, it is normally accomplished at the
regional level with the landing base being another SAC
base.

In the continental United States (CONUS), SAC is divided
into two numbered air forces (NAFs). Fifteenth Air Force
controls most of the SAC bases west of the Mississippi
River; and Eighth Air Force controls those bases east of
the Mississippi River. The strong centralized control of
SAC aircraft forces flows from the tactical wing which
normally consists of two or more squadrons to the NAF or
intermediate headquarters and than to SAC Headquarters at
Offutt Air Force Base (AFB) near Omaha, Nebraska. This
flow of control is a subtle one but for peacetime conditions
the NAF directs the day-to-day aircraft operations at its
bases. This NAF or regional operation was investigated
in this thesis.

The locations of SAC bases in the CONUS are depicted
at Table I. Each base is identified by a three-letter
code corresponding to four-letter International Civil
Aviation Organization (ICAO) code. These codes uniquely
identify all air bases in the world. In the CONUS the
first letter is K so the last three letters also uniquely
identify each base of interest. The letters represent
navigation facilities at or near bases and are usually

associated with cities or geographical features. For

14
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example, KRIV or RIV for March AFB, California, represents

the name of the navigation facility at the base and also

the nearby city of Riverside. Table I contains the names,
identifiers, nearby cities, and numbered air forces for
SAC bases of interest west of the Mississippi River.

In Chapter II, the computer simulation model is dis-
cussed in greater detail. Next, inputs to the progranm,
outputs of the program and decision rules concerning

diversion of aircraft when a runway closure occurs are

et asaie

discussed. Also, results of the comparison of two

l different decision strategies for this diversion situation
are discussed. Finally, in Chapter IV limitations of the

model, extensions to the model and other recommendations

are presented.

%




IT. MODEL DESCRIPTION

A. MODEL SETTING

The environment which was modeled was a military regional
air traffic situation, specifically the western region of
the Strategic Air Command of the USAF within the continental
United States.

Elements of the model included bases, mission areas and
aircraft. The bases were 14 Air Force bases which have SAC
flying units assigned with each base consisting of a runway
and an air traffic pattern. Mission areas were either air
refueling tracks, low level routes or ''delay'" areas with
""delay'" areas being viewed as holding points, intercept
training areas or navigation legs. The mission areas are
represented in the model as a single point. Conceptually,
the aircraft is scheduled to that point, remains there for
the duration of that phase of the mission, then proceeds

to the next portion of the mission.

B. PROCESSING ENVIRONMENT

The model was written in the simulation language
SIMSCRIPT (version II.5) and was run on an IBM 360/65
computer at the Naval Postgraduate School, Monterey,
California. Input was made in the 0S/batch mode. Specific

formats for the inputs are discussed in Chapter III.




C. DESCRIPTION

1. Overview

The general flow through the model for a typical,

single aircraft is as follows. A takeoff time is scheduled
for the aircraft at a specific base. At that time, if
there is no conflict with landing aircraft at that base,
the aircraft takes off and proceeds to the base departure
point. There the aircraft goes enroute to a mission area

and performs the scheduled activity for that area. Upon

completion of the activity the aircraft proceeds to another
mission area or returns to the Initial Approach Fix (IAF)
of its base. At the IAF it enters a transition phase where
it attempts to complete scheduled transition activity such
as radar approaches, visual approaches and 'touch and go"
landings. Upon completion of this activity or when mission
time is reached the aircraft makes a full stop landing.

2. Concepts

a. Base Traffic Pattern

w——r

The local pattern for the individual bases is
depicted in Figure 1. The features of interest are the
IAF, the departure, the landing, the overhead pattern, the
rectangular pattern and the radar pattern. The IAF is the
( F . point of entry to the controlled airspace for the base. It
may be physically outside of the controlled airspace for
the base. It serves as a navigation point and control

point for timing and routing to the local pattern. In this

[ ST R

hoo i .




————— i ———

pPeaYIaAQ

uxajlleq ieinduelday

m I 4
|
uralleqd d1yjex] [edo71 1 sandry w
3
-
& |
P
////// uxalled
gurproy :
(2]
i
uirajjeq iepey
|
|
{




simulation it serves as the crossover point to the transition ;
phase of the mission. The departure point is used to |
make decisions as to which activity will be scheduled next
for the aircraft. This would include remaining in the local
pattern or going enroute to another base or a particular
mission area.

The patterns of the local airspace are the
overhead, the rectangular and the radar. The radar pattern
may be used by all aircraft and simulates an approach made
under control of the radar approach control facility (RAPCON)
of the base. The overhead and rectangular patterns are
visual patterns. The overhead is used by fighter type
aircraft whereas the rectangular pattern is used by heavier
aircraft such as B-52s or KC-135s.

The landing point is used in the simulation

as the decision point as to who will gain access to the
runway. It provides the timing and spacing function for

the aircraft coming from the IAF out of the various patterns.
Assumptions which were made about the pattern: (1) aircraft
in each pattern fly at the same speed while in that pattern.
(2) Separation between landings is at least one minute.

(3) The distance or time between the landing decision point
and the departure point is one minute. (4) The distance
between the takeoff point and the departure point is one

minute,

i e =t 2
S ST— a— s
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b. Time

SIMSCRIPT is an event step simulation language.
It maintains an internal clock and a chronologically
ordered event list. When the next event comes up in the
event list the master clock (represented by the system
variable TIME.V) is moved forward to coincide with the
occurrence of that event. This master time is maintained
in decimal days. Hence, a frequently encountered conversion
factor in the program is 1440 minutes/day. In this simulation
the master time represents Greenwich Mean Time (GMT) or
"Zulu'" time.

c. Distance

To facilitate making various computations, all
distances are referenced by time in the simulation. Distance,
when needed, is Euclidean distance assuming a flat earth.
A standard x,y rectangular coordinate system was placed
with the origin at 3000 N latitude, 12500 W longitude.
This placement located all bases and mission areas of the
model in the first quadrant of the x-y plane. The x and y
coordinates of fixed points such as bases were then deter-
mined by assuming a 400 nautical mile per hour cruise
speed for all aircraft. Although the normal cruise speed is
higher this speed was selected to compensate for portions

of the mission flown at slower speeds such as landing or

holding.
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3. Detailed Description of the Program

a., PREAMBLE

In the preamble certain initial program condi-
tions are established. First, the background mode is set
to real. This means that any unspecified variables intro-
duced in the program are treated as real variables. DEFINE
statements are then used to improve the overall readability
of the program. Next, the simulation elements along with
their attributes are defined. These are:

(1) Mission Areas

X.COOR x-coordinate (in minutes) for the area.
Y.COOR y-coordinate (in minutes) for the area.
(2) Bases

NAME Three-letter ICAO designator for the base.

X.POS x-coordinate (in minutes) for the base.

Y.POS y-coordinate (in minutes) for the base.

TRANSIENT.PARKING.SPACES The number of parking spaces
currently available at the base.

TTL.NO.TRANSIENTS The number of transient aircraft which
have landed at the base.

AVAIL.NO.TPS The maximum number of parking spaces available
at the base.

SEARCH. FLAG A device used in checking certain constraints at

a base. If the base fails the check the SEARCH.FLAG

value is set to one. Otherwise it is zero.

”»
’
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1.MAINT.SUP.CAP Either B for bomber (B-52), K for tanker

2 .MAINT.SUP.CAP (KC-135), O for other, or X for none
3.MAINT.SUP.CAP available.

RUNWAY Either idle, busy or closed.

MAXIRADAR.QUEUE Maximum number of aircraft which can
MAXIRECTANGULAR.QUEUE be in the pattern at any one time
MAXIOVERHEAD.QUEUE

TTL.RECTANGULAR Total number of occurrences of the activity

TTL.RADAR at the base during the simulation.

TTL.MISSED.APPROACHES
NO.TAKEOFF.CONFLICTS Total number of takeoff conflicts.
NO.LANDING.CONFLICTS Total number of landing conflicts.
(3) Aircraft
TYPE Either fighter-type or multi-engine.
DESIGN B for Bomber
K for KC-135
F for fighter
T for trainer
0 for other
TAIL.NUMBER 4-digit number.
LOCAL.TIME The local time in hours and minutes for the air-

craft referenced to the home base of the aircraft.

23
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A.HOME.BASE Three-letter ICAO designator for the home base
of the aircraft.
HOME . BASE 1-14
A.CURRENT.BASE Three-letter designator for the base at
which the aircraft is located.
CRNT.BASE 1-14
A.DESTINATION.BASE Three-letter designator for the base
to which the aircraft is enroute.
DESTINATION.BASE 1-14
A.ALTERNATE.BASE Three-letter designator for the alternate
base for the aircraft.

ALTERNATE.BASE 1-14
MISSION.TIME.REMAINING The amount of scheduled mission time

remaining. Mission time is the total

time from takeoff to full stop landing.
EMER.DIVERT.FLAG Either EMERGENCY or DIVERT.
LKT The last known time for the aircraft.
X.LAST.POS The last position for the aircraft. This
Y.LAST.POS position along with the last known time are used

to compute current location.
TRANSITION.TIME.REMAINING The amount of time remaining in
the transition phase of the mission.
TOTAL.FUEL.REMAINING.TIME The maximum amount of flying time
remaining without emergency

refueling.
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IAF . APPROACHES The number of occurrences for each activity
MISSED.APPROACHES which remains to be accomplished.
RADAR.APPROACHES

VISUAL.APPROACHES

T.G.LANDINGS

SCH.IAF.APPROACHES The scheduled amount of transition

activity.

SCH.T.G.LANDINGS

A.IAFS The amount of transition activity accomplished.

A.T.GS
A.1.MSN.AREA Alpha-numeric designators for the three mission
A.2.MSN.AREA areas to which an aircraft can be scheduled.
A.3.MSN.AREA
MSN.1.AREA

1
MSN. 2.AREA 1-30
MSN.3.AREA 1
M.2.AREA.TIME The area entrance times for the aircraft.

M.2.AREA.TIME

M.3.AREA.TIME
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.RCVR.TNKR.TAIL.NO The tail number for the plane to which
.RCVR,.TNKR.TAIL.NO the aircraft is paired for an air re-
.RCVR.TNKR.TAIL.NO fueling in the particular mission area.
.ONLOAD.OFFLOAD The scheduled onload or offload of fuel
.ONLOAD.OFFLOAD (in minutes) in the mission area.

.ONLOAD.OFFLOAD

.MSN.OPTION 1 = Air refueling
.MSN.OPTION 2 = Low level
.MSN.OPTION 3 = Delay

.DURATION The time in minutes for the scheduled activity
.DURATION in the mission area.

DURATION

LAST.MSN.AREA The mission area the aircraft was in last.

Z

o3

3

Pt - Bt ot

.TAKEQFF The time (GMT) in hours and minutes of the

. IAF occurrence of the event.

.LANDING

.TC The local time referenced to the aircraft's home
.IAF base in hours and minutes.

.LNDG

GMT The current GMT for the aircraft in hours and minutes.

.ENTRY The mission area entrance times for che aircraft
.ENTRY in GMT (hours and minutes).

.ENTRY

.EXIT The mission area exit times for the aircraft in GMT
«<EXLT (hours and minutes).

+EXIT
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1.R.T.DESIGN The design of the plane to which the aircraft
2.R.T.DESIGN is paired for refueling.
3.R.T.DESIGN
MSN.STAGE Either JUST.TOOKOFF
MSN.COMPLETE
OTHER.BASE.PATTERN or
HOMEBASE . PATTERN
MSN.TYPE The overall mission profile for the aircraft,.
1: Home base to mission area(s) to home base.
2: Home base to mission area(s) to a transition
base to home base.

Home base to destination base.

w

4: Home base to a transition base to home base.
S: Home base to mission area(s) to a destination
base (other than home base).
TIM1.IN.TAKQUEUE The time of entrance or total time last
TIME2.IN.OVRQUEUE spent in the queue.
TIM3.IN.RECQUEUE
TIM4.IN.RADQUEUE
TIMS.IN.IAFQUEUE
In addition to these attributes the permanent entities, mission
area and base, own sets into which aircraft may be filed. For
mission areas there are air refueling tracks, low-level routes
or delay areas. For bases these are the takeoff, overhead,
rectangular, radar and IAF queues. Events in the simulation

are TAKEOFF, DEPARTURE.POINT, ENROUTE, .MISSION, ARRIVAL.AT.IAF,




LANDING, RELEASE,RUNWAY, HALF.HOUR.STATISTICS, STOP,SIMULATION
and CHANGE.RUNWAY.STATUS. Each of these will be discussed
separately. If a RELEASE.RUNWAY event and another event are
scheduled to occur at the same time, the RELEASE.RUNWAY will
occur first. In the LANDING and ARRIVAL.AT.IAF events, if
two aircraft are due at the same time, then the one with the
lowest remaining flying time is taken first.

Finally, in the preamble various
variables are specified as statistics of interest for the
simulation.

b. MAIN
First certain parameters are set. DAY is the day
of the month when the simulation starts. Next, the permanent
entities BASE and MSN.AREA are established and data pertaining
to them is read. Finally, simulation control passes to the
timing routine which executes the first scheduled event in
the simulation.
¢. ' TAKEOFE
In the event TAKEOFF, data pertaining to each
aircraft is read in and processed; the aircraft enters the
takeoff queue and takes off when runway conditions permit,.

Takeoffs are scheduled externally at a local

time for the particular base. Once the aircraft's data is
read in the alpha-numeric values for its home base, destina-
tion base, alternate base and mission areas are converted to

integer values. The current base of the plane becomes its

28




home base and mission times are converted to decimal days.
Since takeoffs are scheduled at a local time and simulation
time is taken to be GMT, the takeoffs are then rescheduled
in six, seven or eight hours depending on the home base of
the plane. This is a convenient happenstance for bases in
the United States. If the model were applied to a world-
wide or European situation this method of scheduling on
local time and then rescheduling would not be practical.

When the rescheduled takeoff time occurs the
plane is filed in the takeoff queue for the base. For the
first takeoff a global variable TO.COUNT is equivalent to one
and hence the printing of various statistics in 30 minutes is
scheduled. The program considers four possible takeoff or
landing conflict situations. That is, a conflict in this
context means that a landing is scheduled in less than one
minute ahead of the takeoff. In these situations the program
chooses the courses of action as depicted in the following

]
|
|
|
matrix: f
|
1
!

Type of Landing Takeoff Delay Result

Touch and go < 7 minutes Touch and go has priority,
takeoff rescheduled in
1 minute.

Touch and go > 7 minutes Takeoff occurs, landing air-
craft makes a missed approach.

Full stop < 7 minutes Landing occurs, takeoff re-
scheduled in 1 minute

Full stop > 7 minutes Landing occurs, takeoff re-
scheduled at earliest
opportunity.
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The last check made prior to takeoff is to
determine whether the runway is closed. If so the takeoff

is canceled and data is printed out. Finally, the aircraft

takes off and some processing is accomplished.
d. DEPARTURE.POINT

The departure point is one minute from the runway
and is used to make decisions as to the next portion of the
mission.

i First, it is determined whether a plane is
currently filed in a queue associated with the local pattern.
This can occur if the plane arrives at the departure point
after making a missed approach.

Next, if the plane is being diverted or is pro-
ceeding to arother base or mission area, it goes enroute.
Otherwise the plane remains in the local traffic pattern.
Since heavier aircraft use the rectangular visual pattern
and fighter-type aircraft use the overhead visual pattern,

{ a test is made to determine the type of aircraft. For multi-

engine aircraft, if the scheduled radar approaches have been
completed and there is room in the rectangular pattern, the
aircraft is filed in that pattern. A landing is then
scheduled based on the number of aircraft in the pattern

according to the rule TIME = number in queue + 4 minutes.

i X If radar approaches are scheduled the aircraft enters the
radar pattern. Time here is figured according to the rule

TIME = (number in queue x 3) + 10 minutes. If the radar
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pattern is at maximum the plane is diverted to the IAF to
reenter the pattern. A flying time of 20 minutes was assumed.
Similar rules were established for fighters with one exception.
If the radar pattern is saturated the fighter is scheduled ;
for a landing in nine minutes. This simulates leaving the
pattern and reentering it.
e. ENROUTE

ENROUTE is used to route aircraft between bases,
b between mission areas and between bases and mission areas.
First, if the plane has been in a mission area

it is removed from the refueling track, low-level route or

delay area. If the plane is being diverted certain decision
rules are called.

Next, if the plane is proceeding from base to

base an ARRIVAL.AT.IAF is scheduled at the destination base
and mission time and total flying time for the plane are

i updated to reflect the enroute flying time. In general,

SECE.

( these times are caldulated in advance to reflect accurate

| totals at the next event for the aircraft. Two exceptions are
approaches and takeoffs where these figures are updated
after the next event.

In the next portion of the event if the aircraft
has completed its mission area activities its final area exit
time is set, Otherwise it is scheduled for the appropriate
mission area. The mission option attribute was selected

as a mechanism for determining to which mission area the plane
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was to be routed. When the plane reached a mission area the
mission option was set to zero. Further the scheduling rule
adopted was as follows. If the plane was to be scheduled
for one mission area, it became mission area #1. If the plane
was to be scheduled for two mission areas, they became areas
#1 and #2, and so forth.

f. MISSION

This event deals with the processing of the air-
craft in three mission areas. Since the processing is simi-
lar for each area only one is discussed.

First, it is determined to which area (1, 2 or 3)
the plane is arriving by checking the plane's mission option
attribute. Once determined, program control passes to that
area. If the plane is scheduled for a low-level route or a
""delay" area it is filed in that set and scheduled to go
enroute after its mission duration. Otherwise, the plane
is filed in the refueling track. If it is not a tanker its
tanker is sought out by looking for an aircraft in the
refueling track set with a tail number which matches the
plane's scheduled tanker tail number. Hence, an assumption
here is that the tanker must be filed in the refueling track
prior to the arrival of a receiver. If no match is found
the receiver remains in the mission area for its mission
duration. If a match is found the scheduled onload (in
minutes) is added to the receiver's times and subtracted

from the tanker's total flying time. An assumption here is
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that an equivalent amount of "flying time' is transferred
from one aircraft to the other.
Finally if all mission options for the plane
are zero the mission stage is set to MSN.COMPLETE.
g. ARRIVAL.AT.IAF

In this event, a plane arrives at the IAF for its

destination base and is scheduled for a landing. First, it
is determined whether the plane is entering its home base
? pattern or is at another base. Next, the time of occurrence ?
of the IAF is set. If the plane is scheduled for more than
one IAF, the time for the last occurrence is set as the IAF
& _ time for the plane. Finally, the plane is filed in the IAF
queue after it is scheduled for a landing according to the
rule TIME = (number in queue x 6) + 15 minutes. This assumes
that the IAF is located at a distance equivalent to 15 minutes
of flying time from the base.
h. RELEASE.RUNWAY
? The event returns the runway to an idle condition.
i. LANDING
In this event the plane gains control of the
runway and makes a '"touch and go'" landing, a full stop
landing or a missed approach.

First, the plane is removed from the queue it was

last in and its times are updated.

Next, the landing event 1list is checked to see

if there is another landing scheduled for the base within




one minute. If a landing "conflict" occurs then each
landing in the landing list is delayed by one minute. To
accomplish this, an attribute of the landing event called
L.FLAG was used. When a plane's landing time is adjusted
by one minute the L.FLAG is set to one. This indicates
that no further adjustment is required at this time.
Otherwise, the program would continually cycle through the

LANDING 1list adding one minute to the scheduled landing

£

time (TIME.A) for every plane.

If the runway is closed the plane makes a missed
approach and is in a ''divert'" status.

Next, planes which are in transition training
at a base other than their home base make a ''touch and go"

| ' landing. Other planes are considered for a full stop landing

based on their mission time remaining or their fulfillment

of scheduled transition activities. It was assumed that

mission time could be exceeded by as much as 30 minutes in
i order to fulfill transition requirements. If the full stop
landing criteria are met the plane makes a full stop landing
and various information concerning the plane is printed.
Finally, the temporary entity aircraft is destroyed.
j. Routine CONVERSION

The routine converts the alpha-numeric values for
bases and mission areas to integers. This is necessary since
permanent entities are represented internally as integer

subscripts.
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k. Routine CURRENT.TIME

In this routine decimal days are converted to
hours and minutes. First, current time is checked against
the global variable DAY. If current time is one day later
than DAY, DAY is increased by one. Next current time is
changed to hours and minutes (GMT) and the home base of the
aircraft is determined to give local time. If this local
E time is less than zero, 24 hours are added and the local day
} becomes one less than the Zulu day.
i 1. Routine DISTANCE

Here distance is calculated as the straight line
distance between two points (x, y) and (xl, yl) according

to the formula:

v

d="(x; -0+ (r; - N°

An assumption here is that the routing between two points

(for example, from one base to another) is along a straight
line connecting the two points.

m. Event HALF.HOUR.STATISTICS

This event is used to generate and print data

relevant to each base's local traffic pattern every half
hour. The first occurrence is triggered by the first takeoff
in the simulation., Thereafter, the event is scheduled on a
30 minute basis until certain stopping criteria are met,

. Statistics generated here are the total number of aircraft F
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in a queue, the minimum number in the queue and the mean
number in the queue for each queue at the base over the
particular 30 minute period. To determine when to stop the
totals for each queue at each base are checked. If all
totals are zero a line is printed indicating that there has
been no activity in the queues. Also a variable END.SIMULATION
is increased by one. When a total of 48 half hour periods
with no activity have occurred a stop simulation event is
scheduled.
n. Event STOP.SIMULATION

Here final information and statistics are printed
pertaining to each base. In addition to the half hour
statistical data, statistics were accumulated over the entire
period of the simulation. These were the maximum number of
aircraft, the mean number of aircraft and the variance of
aircraft in each queue of the local air traffic pattern.
Other data printed here includes various base totals such

as total number of takeoffs, landings, number of landing

conflicts, and number of transient SAC aircraft.
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III. INPUTS, OUTPUTS AND STRATEGY COMPARISON

A. INPUTS
The inputs to the model consisted of data pertaining to

mission areas, bases, runway closures and individual air-

craft. Advice in the formulation of input data for the

simulation was acquired from crewmembers of the 924th Air

Refueling Squadron, 328th Bombardment Squadron, 84th Fighter

[ Interceptor Squadron, and instructors of the Strategic Air
Command Central Flight Instructors Course at Castle AFB,
California. In addition, interviews with Radar Approach
Control (RAPCON) and tower personnel of the 2035th Communica-
tions Squadron at Castle AFB provided insights into the air
traffic control situation at that base. Scheduling personnel
at Castle AFB and March AFB, California were interviewed

in ascertaining tactical unit procedures. Extensive coordina-

| tion via telephone was accomplished with Fifteenth Air Force
Directorate of Operations and Training (DOT) personnel in
acquiring unit schedules and discussing particular situations
for the model development. Eighth Air Force (DOT) personnel

were also contacted for inputs concerning the Eighth Air

Force bases. Inputs including mission areas, air refueling
tracks, and mission profiles were purposely hypothesized but
real world entities could easily be applied. In addition,
routines dealing with specific strategies for the routing

of aircraft upon base closures were considered '"inputs."
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Two such strategies are discussed later in this chapter.

A typical set-up for a complete card deck is shown in
Appendix A. Specific formats for the input are as follows.
It should be noted that although column designators for
specific items of data are listed that input was made via

the SIMSCRIPT unformatted READ statement. Hence actual

spacing of data on an input card is by user preference. For
a description of specific items see the discussion of base
h and aircraft attributes in Chapter II.

1. Mission Areas

Columns 4-6: x-coordinate (in minutes).
Columns 8-10: y-coordinate (in minutes).

2. Bases f
Columns 2-4: 3-letter designator for the base. %
Columns 5-8: x-coordinate (in minutes).

Columns 10-12: y-coordinate (in minutes).

Columns 14-15: Total number of transient parking

R

spaces available at the base.

Column 21: Maintenance support (either B, K, O or X).

Column 23: Maintenance support (either B, K, O or X).
Columns 40-41: Maximum number of aircraft permitted
in the radar Qqueue.
Columns 43-44: The maximum number of aircraft permitted
in the rectangular queue.
Columns 46-47: The maximum number of aircraft permitted

in the overhead queue.
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3. Aircraft
Each aircraft's input data was read in conjunction
with the occurrence of the event TAKEOFF. There were two
data cards associated with each aircraft.
Card 1:
] Columns 2-8: The word TAKEOFF.
Columns 13-14: The day,
Columns 16-17: hours and
? Columns 19-20: minutes (in local time) for the
scheduled takeoff,
Column 22: Aircraft type (1 for multi-engine,
2 for fighter-type).
Column 24: Aircraft design (either B, K, F, T or 0).
Columns 26-29: Tail number.

Columns 31-33: Home base (3-letter designator). i

Columns 35-37: Destination base (3-letter designator).
Columns 39-41: Alternate base (3-letter designator),

Columns 43-46: Mission time in decimal hours.

Column 48: Mission profile or type (1-5).
Column 50: Mission stage (0 [zero] for takeoff),.
Columns 52-54: Scheduled transition time (in minutes). t

Columns 56-59: Total flying time (in decimal hours),

Column 61: Scheduled number of IAF approaches.
Column 63: Scheduled number of missed approaches.
Column 65: Scheduled number of radar approaches,
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Column 68:
Column 71:

€ard 2:

Columns

Columns

Columns

Columns

Column 21:

Columns

Columns

Columns

Columns

Columns

Column 46:

Columns 48-50:

Scheduled number of visual approaches.
Scheduled number of ''touch and go"

landings.

Mission area #1 (4-character designator).
Mission area #2 entrance time in
hours and minutes (GMT).

The total number of the paired air-
craft for an air refueling.

The onload/offload (in minutes) for
an air refueling for area #1.
Mission option (1 for air refueling,
2 for low level, 3 for delay).

The aircraft's duration (in minutes)
for mission area #1,

Mission area #2 (4-character designator).
Mission area #2 entrance time in hours
and minutes (GMT).

The total number of the paired
aircraft for an air refueling.

The onload/offload (in minutes) for

an air refueling for area #2.

Mission option (1, 2 or 3).

The aircraft's duration (in minutes)

for mission area #2.
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Columns 52-55: Mission area #3 (4-character designator).
Columns 57-60: Mission area #3 entrance time 1in

hours and minutes (GMT).

Columns 62-65: The tail number of the paired air-

i craft for an air refueling.
) Columns 67-69: The onload/offload in minutes for an

air refueling for area #3.
Column 71: Mission option (1, 2 or 3).
q Columns 73-75: The aircraft's duration (in minutes)

for mission area #3.

Column 78: * (asterisk). This is a SIMSCRIPT
delineator to mark the end of the data
read in with a particular event.

For card number 2, zeroes must be entered as default

values if no activity is scheduled for the particular mission
areas or if no air refueling is scheduled.

4. Change of Runway Status

{ Here, data is entered to prescribe the time and base
where a runway closure will occur.

Columns 2-21: The characters CHANGE.RUNWAY.STATUS.

Columns 24-25: The day,

Columns 27-28 hours and f
Columns 30-31: minutes (in GMT) for the runway closure.
Columns 50-52: The 3-letter designator of the base 7

whose runway is being closed.
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Column 72: * (asterisk). SIMSCRIPT delineator to

mark the end of data.

B. OUTPUTS

The outputs of the program included information per-
taining to each aircraft and statistical data relevant to each
base. The data for an aircraft was printed with the
occurrence of the final (full stop) landing for the aircraft.
The output format was arranged on nine double lines as shown
in Figure 2. The following information was included.

(1) Background pata: The aircraft's design, tail number,
home base, current base and scheduled alternate base.

(2) Times: The aircraft's total flying time, mission
time and transition time, all in minutes remaining.

(3) ATC Activities: The aircraft's scheduled transition
activity versus activity actually accomplished.

(4) Mission Activities: This includes for each mission
area the area designator, the aircraft's entrance and exit
times (GMT) and for refueling activities the receiver (or
tanker) design and tail number and the unload/offload in
minutes.

(5) Event Times: The Aircraft's takeoff, IAF and final
landing times in GMT and local time (with respect to the
aircraft's home base).

OQutput information relevant to bases was made available

through two events, HALF.HOUR.STATISTICS and STOP.SIMULATION.




4 andino vIR(Q IJRIDITY 7 21n314g
|
S1eT 2061 FET R IVIUT 4 7] ¢ 4] 0reo %
3 it l LYy nin’s (4 C o « on0? Z
SRITKAY 431 342 3WL S3all INIAZ (574 § Peg9 A4 i Yo v 1
(SNTA)IYUIND  B3HeON  NOTSIT ¥IMNYL :ONTIIN43IN Jull A1l vInv SITJIAL L)Y
/0% 1440 vl /¥IA1034 11 x3 Aamtn? N)ISS A
< 0 £ Z 1 CIHS I 1dA LD DY 6D "R - GA° = chglc
L (o] ¥ 4 | IIMAIEIS I TL°MOTAISAYPL I TL A0 135S L TL°ONIATYS® 1V 10
SLOANY"HINUA SIHIVIA4a 7T GISS 1A SHYOVY SAVAS IA S IVI :SITLTAT LIV D™ SUOMTRTYR A STLONTw) 5011
4 AC 14 bra gy HL4p 3
] umqp_.u._,q_wbhz ISV ANIEN0D JSVEIRIH  MIuwWINCTIVL  NOISIC )
{

S




1. Event HALF.HOUR.STATISTICS

In this event the total number, the maximum, the
minimum and the mean numbers of aircraft in each of the
queues (IAF, overhead, rectangular, radar and takeoff) at
a base was presented each half hour. The first occurrence
was scheduled with the first takeoff of an aircraft in the
simulation. Thereafter the statistical values were reset
to zero and another printing of values was scheduled for
thirty minutes later. First, to reduce output printing
the program checked to see if there had been any activity at
any base during the half-hour interval. If there had been
none, a single line stating '"NONE" was printed and a counter,
END.SIMULATION, was incremented. Information for all bases
was printed if there had been activity at any base. The
format was three double lines for each base with the name of
the base and the total, maximum, minimum and mean number
of aircraft for each queue at the base being printed as
shown in Figure 3.

2. Event STOP.SIMULATION

This event was used to terminate the simulation and
to print final data pertaining to each of the bases. As
noted in the event HALF.HOUR.STATISTICS a counter termed
END.SIMULATION was incremented where there was no activity
at any base during a half-hour period. When this counter

reached a value of 48 the event STOP.SIMULATION was

triggered. Both statistical and general information was
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printed with regard to each base. Statistical data included
the maximum, mean and variance associated with each queue

at the base over the range of the simulation. Other informa-
tion included total number of takeoffs, radar approaches,
rectangular approaches, overhead approaches, IAF approaches,
full stop landings, ''touch and go'" landings, missed approaches,
takeoff conflicts, landing conflicts, available number of
parking spots and number of transient aircraft for the base.

A sample of the output for Altus Air Force Base is shown in
Figure 4.
C. A SPECIFIC APPLICATION AS A DEMONSTRATION OF THE MODEL

1. Introduction

To demonstrate the potential uses of the model as a
tool to solve regional scheduling problems the question of
rescheduling aircraft upon base closures was investigated.
In this setting a base's runway is closed and then a set of
decision rules are applied to divert aircraft scheduled to
arrive at that base. Here, two strategies were developed
for the rescheduling of aircraft. Each strategy was imple-
mented and the results were compared based on the flying time
of the aircraft affected and the subsequent impact on the
final destination bases of the aircraft with regard to the
local traffic pattern, parking spaces and available mainte-
nance support. Only SAC aircraft were considered in the two
strategies . Normally SAC aircraft have a large fuel
reserve which permits some latitude in decisions regarding

diversions to an alternate base. Fighter aircraft operate
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much closer to minimum fuel reserves. Thus, in this model

fighters are assumed to land at the nearest available
landing field. Since only SAC bases are represented in the
model an additional base was created (Base #15). Fighters
are thus diverted to this base when appropriate to emulate
landing at the nearest available landing field. Under both
strategies if an aircraft were performing transition training
at a base other than its home base and its home base closes,
it lands at the base where it is currently performing tran-
sition training. First, the two strategies are discussed;
then, the specific scenario is outlined and, finally,
the results are presented.
2. Strategy 1
a. Overview
In this strategy aircraft were rerouted to their

scheduled alternate base if that base was open. If the

alternate was also closed the aircraft were routed to the
closest open base. To implement this stracegy two general
routines and three strategy specific routines were added to
the model.
b. Routine POSITION

This routine gives the aircraft's current posi-
tion based on its last known position and destination. The
current position is based on a dead reckoning calculation
with regard to the amount of time which has elapsed since the

aircraft's last position was fixed.
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c. Routine CLOSEST.BASE
In this routine the aircraft's position is given
and the nearest open base is determined. First, the minimum
distance to an open base is determined. Then the base which

matches this minimum distance is found and becomes the output

of the routine.

The following routines deal with the decision
} rules involved in Strategy 1. Three subsets of aircraft
were considered: future takeoffs, aircraft in the local
pattern and all other airborne aircraft.

d. Routine T.O.DECISION.RULES

First, the event TAKEOFF checks to see if the
runway is closed. If it is closed the takeoff is canceled.
Thus, these decision rules apply only to aircraft taking off

from other bases which may later interact with a closed base.

If the destination base for the aircraft is closed the alter-

s,

nate is checked. If it is open it becomes the destination
for the aircraft. Otherwise, the routine CLOSEST.BASE is
called and the nearest open base becomes the destination base.
e. Routine DEP.PT.DECISION.RULES

In the event LANDING if the base's runway is
closed, the aircraft's EMER.DIVERT.FLAG is set to DIVERT. When
the aircraft goes enroute this routine is called. Thus air-
craft in the local pattern at the base remain in the pattern
until reaching the base's departure point. This was done in

this manner to emulate an orderly flow of aircraft through
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the pattern prior to being diverted. If the aircraft is at
its home base, first its alternate is checked and if the
alternate is unavailable, the nearest base is selected. If
the aircraft is at another base its home base is checked.
If the home base is closed the aircraft becomes a mission
type 3 (final landing at a base other than its home base)
and its alternate is checked. Again, if the alternate is
unavailable the nearest open base becomes the destination
for the aircraft.

f. Routine AB.DECISION.RULES F

This routine checks all other airborne aircraft.

In this simulation each aircraft is always scheduled for a
future event but may not be located in a particular set
(refueling track, radar queue, etc.). Thus, the event lists
are searched for the aircraft which are affected by the run-
way closure. In general the events which occur chronologi-
cally later in an aircraft's mission are checked first.

This is of greater importance in Strategy 2 than here.
Nevertheless, the general scheme is followed. Since aircraft
in the landing pattern have been accounted for the first
event checked is ARRIVAL.AT.IAF. First a series of tests is
conducted to determine if the mission profile for the aircraft
is affected. For example, if the aircraft is scheduled for
transition training at another base and its home base is
closed it becomes a mission type 3 (final landing at a base

other than its home base). Next the aircraft's destination




base is checked. If that base is closed the aircraft's
current position is determined. Next the alternate is checked
and if necessary the nearest base is determined. This pro-
cedure is then continued for departures and landings at other
bases (other than the one currently being closed). Finally,
aircraft in mission areas or enroute to mission areas are
checked.
P 3. Strategy 2
i a. Overview

In this strategy aircraft were diverted to the
nearest base which met the following two constraints: (1)
that a parking space was available; (2) that the base could
provide maintenance support for the aircraft.

To implement this strategy one general routine

and three strategy-specific routines were included in the
model.
| b. Routine NRST.SUPPORT.BASE

This routine finds the nearest base which meets
the two constraints discussed above. First, if the aircraft
is a fighter it is routed to the nearest landing field
(Base #15). Otherwise the closest base is first determined.
If that base has remaining parking spaces and has matching
maintenance support it becomes the destination base for the
aircraft, If the base cannot meet the constraints its
SEARCH.FLAG is set to one (so that it will not be considered

further) and the next closest base is considered. This
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process is repeated until a base which meets the constraints
is found.

As in Strategy 1 the three strategy-specific
routines here deal witﬁ future takeoffs, aircraft in the

landing pattern of a closed base and other airborne aircraft.

Future takeoffs are handled in a similar manner as in
Strategy 1. A major difference in the strategies is that

h the order of consideration is of importance in Strategy 2.

In Strategy 1 the choice of destination is made independent
the choice for other aircraft. Here, once a suitable support

base is located, the available number of parking spaces

is decremented at that base. Consequently, aircraft in the

airborne aircraft in the routine AB.DECISION.RULES and the

landing pattern at the closed base are considered with other
routine DEP.PT.DECISION.RULES is used merely to schedule the
new ARRIVAL.AT.IAF.
E 1 c. Routine AB.DECISION.RULES
| Here, the order of consideration of aircraft is
important. Additionally, the order emulates the approximate
relative fuel states of the aircraft involved. The order of
consideration is aircraft in the landing pattern of a closed
base, aircraft scheduled to arrive at an IAF, aircraft in
the landing pattern of another base, aircraft enroute to a
mission area, aircraft in a mission area and finally aircraft

having just taken off. In each event list the processing

is similar. If it is appropriate to consider the mission
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profile this is done. Regardless, the nearest compatible
support base is found and becomes the destination base of
the aircraft. It sh ild be noted that in this strategy the
scheduled alternate base is not considered.
4. Scenario

The scenario develcped here involved bases in the
central valley of California. These are Castle AFB (MER),
Mather AFB (MHR), Beale AFB (BAB) and Travis AFB (SUU).
During certain periods of the year these bases are susceptible
to being closed due to low-lying ground fog. In the first
instance Castle was simulated to be closed at 1900Z (1100
local time). In the next instance Castle was closed at
1900Z followed by Mather being closed at 1930Z. This pattern
was then continued with Beale and finally Travis being
closed at half hour intervals., For inputs, a total of 269
takeoffs were scheduled at the 14 bases ranging in time
from 1310Z to 0406Z of the next day. Castle was scheduled
for 19 takeoffs, Mather for 24, Beale for 12 and Travis
for 14,

5. Results
a. Case 1, Castle Closes at 1900Z
In this case a total of seven aircraft were

diverted. Under Strategy 1, six aircraft were diverted to
March AFB, California. The seventh aircraft was scheduled
for transition training at Fairchild AFB, Washington and

hence landed there. The average total airborne time for




the seven aircraft was 438 minutes. The available number of
parking spaces was exceeded by one at March.

Under Strategy 2, four aircraft were diverted to
Beale, one to Mather, one to Travis and one to Fairchild.
The average airborne time for the seven aircraft was 418
minutes.

b. Case 2, Castle Closes at 1900Z, Mather Closes
at 19302

In this instance a total of 20 aircraft were
diverted, seven from Castle and thirteen from Mather. With
Strategy 1 three were diverted to Beale, ten to Travis, six
to March and one to Fairchild. The average total airborne
time per aircraft was 385 minutes. In two cases, the number
of available parking spaces was exceeded. At March, with
five available spots six aircraft landed. At Travis, with
one available parking spot two aircraft landed.

Under Strategy 2 eight aircraft were diverted
to Beale, four to Travis, four to March, three to Fairchild
and one to Dyess AFB, Texas. The average total airborne
time per aircraft was 370 minutes. The number of available
parking spots was exceeded at Beale by three aircraft and at
Travis by two aircraft,

c. Case 3, Castle Closes at 1900Z, Mather Closes
at 1930Z, Beale Closes at 2000Z

In this case a total of 22 aircraft were diverted.
Under Strategy 1 six aircraft were diverted to March, one to
Fairchild and 15 to Travis. The average airborne time per

aircraft was 392 minutes. Parking spaces were exceeded at
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two bases. At March they were exceeded by one and at Travis
by 14 aircraft.

With Strategy 2 five aircraft were diverted to
Travis, five to March, four to Ellsworth AFB, South Dakota,
six to Fairchild and two to Dyess. The average airborne time
per aircraft was 403 minutes. Available parking spaces were
exceeded at two bases. At Fairchild they were exceeded by
one and at Travis by four aircraft.

d. Case 4, Castle Closes at 1900Z, Mather Closes

at 1930Z, Beale Closes at 2000Z, Travis Closes

at 2030Z

In this last case a total of 26 aircraft were

diverted, seven from Castle, thirteen from Mather, two from

Beale and four from Travis.

Under Strategy 1 twenty aircraft were diverted
to March, four to Travis (prior to its closing) and two to
Fairchild. The average airborne time was 411 minutes. Park-
ing spaces were exceeded at March by 14 aircraft. Although
four aircraft were diverted to Travis, the four Travis air-
craft were diverted to other bases.

Under Strategy 2, two aircraft were diverted to
Travis, five to March, six to Fairchild, five to Ellsworth,

four to Dyess, two to Altus AFB, Oklahoma and two to Minot

Available parking spaces were not exceeded at any base.
A synopsis of the four cases is as shown in

Table II.

55

AFB, North Dakota. The average airborne time was 428 minutes.
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6. Conclusions

In comparing the two strategies the impact of
the final landing bases and aircraft airborne times are
discussed.
a. Impact on Bases

Under both strategies continuity of maintenance
support was maintained. That is, there were no discrepancies
between aircraft type and maintenance support available at
the final landing base. This is due in part to the fact
that of the eight bases affected in the four cases six had
maintenance support capabilities for both B-52s and KC-135s.

The most severe impact on bases was evidenced in
Case 3 for Travis and Case 4 for March. Under Strategy 1
in Case 3 a total of 15 transient aircraft landed at Travis.
The set of graphs depicted in Figures 5 and 6 show maximum
numbers of aircraft in the radar and IAF queues at Travis
at half-hour intervals starting at 1940Z under Strategy 1
and Strategy 2. Another indicator was the number of landing
conflicts at Travis. Under Strategy 1, eighteen landing
conflicts while under Strategy 2, nine landing conflicts
occurred. In addition to the increased traffic load in the
local pattern there is an implication of increased demand
on base resources with respect to providing maintenance
support and security for the 15 transient aircraft.

Similar results occurred with March AFB under
Strategy 1 in Case 4. Again the sets of graphs depicted
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