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Ultra-high-capacity Aircraft Will Intensify
Airport Safety Issues
The new generation of transports will likely cause further pressures on
ground maneuvers and emergency evacuations at airports,
and possibly increase wake vortex hazards.
Rodney Fewings, Senior Research Officer
Department of Air Transport, College of Aeronautics
Cranfield University, United Kingdom

Introduction of ultra-high-capacity aircraft (UHCA) is likely
to create safety challenges in airport operations. Affected areas
include airport ground maneuvers and operations, the provision
of airport rescue and fire fighting services and the emergency
evacuation of passengers from aircraft. Ultimately, however,
UHCA most likely will highlight current safety problems.
The discussion of any safety issue concerning an aircraft type
that is still on the drawing board is fraught with difficulty and is
made by analogy and experience with existing aircraft types. What
has become apparent is the relationship among safety issues, aircraft design and the interface with airport infrastructure.
Many safety-related incidents, of course, are not a function of
aircraft size. Nevertheless, should an accident occur, the public
perception of air transport safety is affected by the number of
people involved in that accident. For example, the loss of a
microlight or a general aviation aircraft tends not to attract the
national press unless the circumstances are particularly
poignant; however, an emergency landing by an airliner
followed by a less-than-successful evacuation of passengers
is likely to be well publicized.

Larger Weight and Size Can Mean
Larger Problems
UHCA raise new safety issues, including effects of increased
weight and dimensions of the aircraft. The Boeing 747-400
has a maximum takeoff weight (MTOW) of 870,000 pounds
(394,625 kilograms), a wingspan of 213 feet (65 meters) and
an overall length of 231 feet (71 meters). By contrast, the
world’s largest aircraft is the Antonov An-225, with an
MTOW of 1,322,000 pounds (600,000 kilograms), a wingspan of 290 feet (88 meters) and an overall length of 276
feet (84 meters). The weight and dimensions of UHCA remain subjective but for this discussion they will approximate the An-225.
The initial step is to identify those operational safety areas in
which UHCA operations may result in an increased probability
of a specific type of accident or incident. Certain incident types
in which aircraft size is unlikely to be a factor can be
eliminated. Using the World Airline Accident Summary,
published by the U.K. Civil Aviation Authority (CAA), a
summary of accident/incident types includes:

• Wake vortices;
• Ground maneuvers, including the transit of runways and
taxiways; physical separation from other aircraft,
structures and ground vehicles during ground operations;
• Deicing and fire and safety services;
• Ground operations while the aircraft is stationary,
including damage to the aircraft by ground handling
vehicles, and the safety of personnel; and,
• The safety of passengers and crew on board the aircraft
during embarkation and disembarkation and in an
emergency evacuation.
What wake vortex standards should be applied is of major
concern. This issue is still being resolved for aircraft types
operating today. Vortex generation is primarily a function of
aircraft weight, speed and flap configuration, and the strength
of the perturbation diminishes with time and distance.
The effects of wind and temperature on wake vortices is the
subject of current research programs because meteorological
conditions can affect the rate at which wake vortices disperse
and the paths the vortices take during that dispersal. For
example, high winds and turbulent conditions speed the
dispersal of the vortices; calm conditions allow the vortices to
remain for a longer period.

Larger Wake Vortices May Be Created
The UHCA will likely be 50 percent heavier than the Boeing
747-400, and if the wake vortices increase proportionally then
separation for following aircraft on approach may have to be
increased by up to 12 nautical miles (nm). Research is required
to establish the necessity and magnitude of revisions to wake
vortex separation standards. Boeing, for example, is exploring
various means of reducing vortex effects, including specially
configured winglets deployed in the landing configuration, or
turbines designed to break up the vortices.
Despite current separation standards, incidents do occur when
the vortices do not disperse or separation distances are
degraded, often because of air traffic control (ATC) procedures.
Some examples are:
• The Fokker F27 was on a scheduled flight to
Heathrow, London, England. The aircraft was cleared
for radar positioning to the instrument landing system (ILS) on Runway O9L. Immediately preceding
the F27 was a B-747, also being positioned under radar direction to land on Runway O9L. The B-747 was
then re-allocated to Runway O9R as the aircraft was
parking at Terminal 4. This meant that the F27, while
aligning on final approach to Runway O9L, would
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pass behind the B-747 and when the F27 actually
crossed the O9R centerline, the horizontal separation
was about three nm. The F27 encountered the wake
vortex of the B-747. As a consequence of the wake
vortex–induced turbulence, which only lasted a few
seconds, one cabin attendant, who was closing the
flight deck door, was thrown to the floor and broke
her leg.
• At Heathrow, a Boeing 757-200 aborted the landing from
60 feet (18 meters) on the approach to Runway 23 because of severe turbulence on crossing the Runway 27R
threshold. This was attributed to a B-747 taking off from
Runway 27R. At present there are no specific separation rules because Runways 23 and 27R do not directly
intersect. Nevertheless, normal ATC procedures require
that, if an aircraft is on approach to Runway 23, then
takeoff clearance for aircraft on Runway 27R should not
be given until the landing aircraft has passed the centerline of Runway 27R.
• A de Havilland Dash 7, on final approach to Charles
De Gaulle, Paris, France, Runway 27, was radar vectored for positioning as number 2 behind a B-747400, with a left-hand turn to intercept the localizer
given once the B-747 had descended through the level of the Dash 7. The Dash 7 noted the apparent closeness of the B-747 as the ATC-directed intercept
heading turn was made, but continued until the B-747
wake hit the Dash 7 with a tremendous impact. The
Dash 7 crew turned 90 degrees to the B-747 track,
and as they turned they could see the vortices from
the B-747 cutting a path through the broken cloud
layer below. Speed was reduced and the rest of the
approach was uneventful. The report indicated that
this was the third such incident experienced by the
airline and suggested that the arrival procedure is a
causal factor of such incidents.
The introduction of the B-747-400, with an increase in
wingspan of 16 feet (5 meters) compared with previous
variants, resulted in the aircraft being restricted to specific
taxiways and stands at some airports. The introduction of
UHCA will result in a further dramatic increase in wingspan
and fuselage length. Nevertheless, the safety of the aircraft
during airport operations depends not only on the overall
dimensions of the aircraft but also on other factors, such as
undercarriage layout and the height of the fuselage above
ground.
Some major airports believe that UHCA can be accommodated by limited additional investment in infrastructure and acceptance by aircraft operators that ground maneuvers and stand
availability might be restricted. Nevertheless, alternate airports
will require runway and taxiway infrastructure sufficient to
allow UHCA to land, clear the runway, park, return to the runway and take off.
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Within the runway and taxiway system, wingspan is the most
critical dimension because of the requirement to have a
minimum separation distance between maneuvering aircraft.
Ground vehicles and fixed infrastructure (for example, terminal
buildings) also have to be avoided. To minimize the effect on
other aircraft operations, preferential routing for UHCA, such
as there already is for some B-747 operations, is a possible
option for accommodating UHCA.

More Passengers Will
Require More Ground Support

the relative speeds of the vehicles concerned are low and the
results are less serious than on the runway, where collisions are
generally more serious in human casualties and aircraft damage.
Some examples of runway incursion accidents/incidents are
given below:
• A collision between a Boeing 727 and a Beechcraft King
Air A100 at Atlanta, Georgia, U.S. (1990); the latter aircraft had not cleared the runway although other causal
factors included conspicuity. The King Air was destroyed. The pilot was killed and the copilot was severely injured.1

Two markets are projected for UHCA: the Far East domestic
and short-haul market, and long-haul operations. It is expect• A near-miss between two McDonnell Douglas DC–l0s
ed that the number of ground support vehicles on the apron
at Minneapolis-St. Paul, Minnesota, U.S. (1985), one
will increase in proportion to the passenger
taking off, the other taxiing across the same
capacity of the aircraft. For example, refurunway. The vertical clearance was estimateling vehicles on both sides of the aircraft
Within the runway and ed as being between 50 to 75 feet (15 to 23
and additional catering and baggage vehimeters).
taxiway system,
cles will be needed if current container and
baggage-handling equipment is retained.
• A collision between a B-727 and a Mcwingspan is the most
Donnell Douglas DC-9 at Detroit, MichThe overall length of the aircraft will reigan, U.S. (1990). The DC-9 taxied onto
critical dimension
duce the clearance normally available at
an active runway. The DC-9 was debecause of the
parking stands to allow the safe movestroyed and seven passengers and one
ment of ground support vehicles, and
flight attendant died.2
requirement
to
have
a
some stands might become unusable because of a reduction in stand taxi-lane
Aside from the problem of runway incurminimum separation
clearance caused by a UHCA parked on
sion, potential problems also arise during
distance between
one side of the apron.
low-speed maneuvers within the taxiway
and apron system. The following comments
maneuvering aircraft.
The undercarriage layout, wheel base and
were made by a Boeing 737 pilot: “… taxiwheel track may require additional paved
ing is potentially one of the most hazardareas in the taxiway system. International
ous parts of our operation, because of not
Civil Aviation Organization (ICAO) regulations for the largest
only the proximity of other aircraft but also, at some airports,
commercial aircraft presently in operation recommend a stanthe sheer number of ground vehicles [and] complicated taxidard runway width of 148 feet (45 meters); this allows for airing instructions. [Although] it is obviously essential for both
craft deviation from the runway centerline in the event of engine
pilots to be alert and to keep a continuous look-out, there is
failure and, with the shoulders, protection to the engines from
also the need to complete the taxi drills [and] monitor air trafdebris. The offset of the engines and undercarriage layout will
fic clearances … and possible changes to taxi instructions …
determine if the present standards will still be sufficient for safety.
. Add to this poor visibility or darkness, with taxiway markSome taxiway maneuverability problems already occur with
ings unclear due to rain or other contamination [and construcsome heavy stretched-fuselage aircraft.
tion] work in progress not very clearly marked, and you have
a very heavy workload on two pilots.”3
Finally, something as apparently innocuous as the vertical
stabilizer height could infringe the obstacle clearance surface
In many incidents, size and congestion have been identified
of the runways while the aircraft is parked.
as factors, which likely will be more critical for UHCA. Two
examples highlight some typical causal factors:

Runway Incursions Will Become
More Dangerous
Collisions involving two aircraft, or one aircraft and a ground
vehicle or an aircraft and an airport structure can also cause
expensive hull damage and lost revenue. Fortunately, most of
the collisions occur within the taxiway and apron system where

• A Lockheed Tristar could not be correctly parked at the
gate because of a stalled ground vehicle. Ramp control
had not been advised of the vehicle and the control tower
was not advised that the aircraft was parked out of
position. A B-747 was then cleared to taxi past the gate
at which the Tristar was parked. The left wingtip of the
B-747 struck the right elevator of the Tristar. The incident
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was not reported and the B-747 took off. Subsequent
inspection of both aircraft revealed minor damage.
• A B-757 developed a technical fault and returned to the
parking stand. On the opposite side of the taxiway an
Airbus A310 was being prepared for departure. Parking
was nose-in for both aircraft with tug pushback. Ground
control saw the B-757 pass behind the Airbus and, assuming that the aircraft would park normally, issued
pushback clearance to the Airbus. Because of a malfunction to the parking guidance system, the B-757 stopped
with its tail protruding into the taxiway by approximately
69 feet (21 meters). The left wingtip of the Airbus collided with the underside of the B-757’s tailplane and
rear right fuselage, causing substantial damage to the
B-757 and damage to the wingtip and trailing edge of
the Airbus.
Present and near-future technology can be
expected to contribute to a reduction in airport ground operations incidents. Such technology will assist both air traffic controllers
and flight deck crews. For example, controllers will have the benefit of improved
surface movement radar and vehicle transponders that will display and identify aircraft and ground vehicles.
For flight deck crews, research is being
conducted for the use of on-board closedcircuit television (CCTV). CCTV trials by
the U.K. CAA and British Airways have a
number of objectives:

UHCA Will Require More
Fire-fighting Resources
The availability of rescue and fire-fighting services at an airport
is based on recommendations made by ICAO. Each airport is
classified, on a numerical scale from 1 to 9, according to the
overall length and fuselage width of the largest type of aircraft
using the airport on a regular basis. The required quantities of
water, foam and supplementary media are based on this
classification.

Present and
near-future technology
can be expected
to contribute to
a reduction in
airport ground
maneuver and
operations incidents.

• To establish whether CCTV cameras could be fitted to a
transport aircraft and function in the environment of
worldwide operations;
• To integrate pictures from such a system into flight deck
procedures;
• To determine whether there could be any safety benefit
from external viewing systems and to investigate
technology required to use the system under lowvisibility conditions; and,
• To determine the requirements for infrared or thermal
imagery to assist CCTV in low visibility or night
operations.
As an extension of this, aircraft deviation from runway and
taxiway centerlines might be reduced by the use of surface
movement guidance technology and CCTV to monitor the
location of the main gear and nose wheel.
In addition, improvements could be made to airport lighting
systems: for example, “smart” lighting with red stop bars,
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amber flashing lights and green taxiway lights could coordinate
aircraft and ground vehicular traffic and prevent runway
incursions.

ICAO currently allows a “remission factor”
to a lower category based on the number of
movements of the largest aircraft operating
at the airport. In the United Kingdom, when
the number of movements (landings and
takeoffs) by aircraft in the largest size category totals less than 700 in the busiest three
months of the year, the required level of protection is reduced to what is appropriate for
the next lower category.

In anticipation of a commercial aircraft type
significantly larger than the B-747-400, an
interim ICAO Airport Category 10 has been
introduced. Category 10 covers an overall
aircraft length of up to 295 feet (90 meters)
and a maximum fuselage width of 23 feet (7 meters), such as
the Antonov 225, which already operates, although not for
passenger transport.
Analysis of past incidents has revealed that minimum required
quantities of foam/water might not be sufficient to control
and extinguish aircraft fires.4 For example, in the Detroit
collision between a B-727 and a DC-9 referred to earlier,
1,515 U.S. gallons (40,000 liters) of water were used for foam
production. This exceeded the recommended volume of water
that should be available for foam production at airports having
regular commercial operations of much larger, widebody
aircraft.
Four factors have been identified that can influence the quantity
of foam used: gross mass of the aircraft, fuel load, passenger
capacity and the previous experience of rescue and fire-fighting
crews. Accidents and incidents in recent years have led to
recommendations in addition to the ICAO regulations. For
example:
• The quantities of agent (water and foam) available should
be similar to the quantities used in recent aircraft crash
fires and not on tests carried out under artificial conditions;
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• The quantities of agent should be computed for the
longest aircraft in each category, instead of the median
aircraft;

training and also a need to improve communication between
the cabin crew and the flight crew in emergencies.6
The NTSB report identified a number of problems:

• A replenishment factor should be included and, based
on recent experience, should be at least 100 percent of
the basic quantity recommended for the specified
category; and,
• The required quantity of available agent should be based
on the largest commercial aircraft scheduled to use the
airport, regardless of the number of operations.
The adoption of these recommendations may not be sufficient
to deal with a collision between two heavy aircraft, and adding personnel and equipment are likely to cause airport authorities to be less than enthusiastic about
having to provide rescue and fire fighting
services to meet the requirement for UHCA
The
operations.

Evacuation Procedures Will
Need Rethinking
The issue of emergency evacuation from the
UHCA is complex and, of all the issues discussed here, is possibly the most important.5

• Inability of flight attendants to locate and properly
operate emergency equipment;
• Opening of exit doors while aircraft were moving or with
engines running;
• Inability of flight attendants to open doors properly;
failure to inflate evacuation slides or allowing the slides
to inflate before being fully deployed (blocking exits
and escape routes);

issue of
emergency evacuation
from the UHCA is
complex and, of
all the issues
discussed here, is
possibly the
most important.

Present aircraft certification procedures
require the evacuation of all passengers from
an aircraft within 90 seconds, using 50
percent of the available emergency exits.
This is demonstrated by using volunteers in emergency
evacuation trials.

The need for full-scale passenger evacuation trials in new
airliners is now being questioned. It has been suggested that
about 5 percent of the volunteers receive some sort of injury,
usually minor, during the trials. Nevertheless, in 1991 the
almost total paralysis of an elderly volunteer during a U.S.
evacuation trial, and the specter of litigation costs, have led to
a growing belief that the injury-risks to volunteers may
outweigh the trials’ value.

• Evacuation slides not secured to the aircraft or allowed to separate from the aircraft, as on one occasion when the flight
attendant inadvertently pulled the slide
disconnect handle instead of the inflation handle;
• Failure to follow evacuation procedures; and,
• Pre-emptive evacuation by passengers
(organized panic) as in a U.S. B-727
incident in New York (1990).

In an accident in 1980 at Riyadh, Saudi
Arabia, a Lockheed Tristar returned to
Riyadh with an uncontrolled fire in the
cargo compartment. The aircraft landed safely and came to a
stop on taxiway. While parked, the aircraft was destroyed by
fire. Factors contributing to the 301 fatalities — everyone
aboard the aircraft — included:
• Failure to prepare cabin crew for immediate evacuation
on landing;
• Failure to stop on the runway with immediate evacuation;
and,
• Inadequate training for emergencies.

This leads to three safety questions. What are the present
problems with emergency evacuations, and are they always
necessary? Are evacuation trials realistic enough and, if they
are not, what are the possible alternatives? Are there aspects
of the UHCA design that will adversely affect emergency
evacuations?
A recent report by the U.S. National Transportation Safety
Board (NTSB) indicated that an increase in use of different
types of aircraft, with emergency equipment stowed in
different sections of the aircraft and with varied emergency
procedures, showed the necessity for improved cabin crew

It has been suggested that up to 80 percent of emergency evacuations are not actually necessary and that in some incidents
the emergency evacuation created more problems. Considering the large number of passengers that would be carried on a
UHCA, the reduction of emergency evacuations to an absolute minimum has obvious benefits but the techniques for
achieving this have yet to be determined. Nevertheless, the
following two incidents show that few emergency evacuations
are straightforward.
• An incident involving a B-757-200 (1993) when, during
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passenger boarding, there was an aft cargo hold fire
warning. The fire bottle was discharged, the drills were
carried out and an evacuation was completed. Passengers
at the forward and rear of the aircraft used the jetty and
aircraft steps, but during the evacuation it was not
possible to open the No. 3L door, which was jammed.
Approximately 25 passengers exited via the escape slide
at door 3R. Of these, three passengers received minor
injuries.
• An incident involving a DC-10 (1978) where an external
fire did not immediately threaten the occupants of the
aircraft, but the radiant heat from the fire rendered the
available escape slides unusable before the evacuation
was completed.

Evacuation Trials May Yield
To Simulation Models

The certification requirements for ditching require the provision of a suitable number of life rafts. Internal transfer from
upper to lower decks is possible under such circumstances,
which may eliminate the need for upper deck slides and rafts.
Nevertheless, this requires supplemental
life rafts to be carried on the aircraft.

The introduction
of heavy jets,
such as the B-747,
presented challenges
to airport operations
not unlike those
expected with the
introduction of UHCA.

The second issue is whether present evacuation trials are realistic and what the alternatives are. Generally, evacuation trials are
selective in terms of volunteers: for example, no young children, elderly or handicapped persons are involved in the tests. It
has been suggested that volunteers be allowed to run down exit ramps rather than
using the slides where most of the injuries
occur. Nevertheless, in real life an emergency evacuation is not a “nice” event and, in
theory, more realistic conditions should exist during trials. The aircraft, for example,
could come to rest in a nonlevel attitude,
the cabin filled with smoke, darkness, loss of communication
between the cabin crew and flight deck and passenger hand
luggage hampering passenger movement toward the emergency
exits.

Existing evacuation trial data, together with safer partial tests
(for example, using a variable seat pitch and specifying flow
rates through emergency exits), could substitute for full-scale
tests in conventional aircraft designs. This is supported by the
fact that since the introduction of the B-747, other widebodies
have selected similar passenger cabin configurations; preliminary UHCA designs are also similar.
One development that has generated considerable interest in
recent years is the use of models to simulate the evacuation
process and their application to aircraft evacuation studies.
Although existing models can simulate passenger movement
within the aircraft cabin, no such tool has apparently been
developed to simulate movement down the slides and dispersion from the foot of the slides. In view of the costs of physical experimentation, this technique appears to have potential
benefits in realism and in allowing more “experiments” to
occur.
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The UHCA will have door exits with sill heights similar that
of the B-747-400 for both the upper decks and lower decks.
Therefore, the certification process for the escape slides and
escape/raft systems is expected to be similar to that for the B747. But airworthiness and design requirements limit the
distance between exits and, with a full-length double deck,
the number of slides deployed on each side of the aircraft will
double. This will result in congestion, both for the physical
location of the slides, particularly in the vicinity of the wing
area, and for the dispersion of evacuees from the foot of the
slides.

The introduction of heavy jets, such as the
B-747, presented challenges to airport operations not unlike those expected with the
introduction of UHCA. This past experience, coupled with new technology and
human factors awareness, will help to ensure a safe transition for UHCA. There likely will be few safety issues unique to
UHCA; for the most part, introduction of
UHCA will amplify current safety issues.♦

Editorial note: This article was adapted
from a paper presented at an international
symposium jointly sponsored by Flight
Safety Foundation and the French National
Academy of Air and Space, Toulouse, France, November 1994.

References
1.

U.S. National Transportation Safety Board (NTSB).
Aircraft Accident Report: Runway Collision of Eastern
Airlines Boeing 727, Flight 111 and EPPS Air Service
Beechcraft King Air A100, Atlanta Hartsfield International
Airport, Atlanta, Georgia, January 18, 1990. NTSB/AAR91/03.

2.

NTSB. Aircraft Accident Report: Northwest Airlines Inc.
Flights 1482 and 299, Runway Incursion and Collision,
Detroit Metropolitan/Wayne County Airport, Romulus,
Michigan, December 3, 1990. NTSB/AAR-91/05.

3.

Anonymous. “Taxiing Hazards and the Late Close-out
Procedure” (letter). Flight Deck (British Airways Safety
Services) Issue 11 (Spring 1994): 49.

4.

For tables disclosing numerous accidents in which the
water actually required for foam production exceeded

FLIGHT SAFETY FOUNDATION • AIRPORT OPERATIONS • JANUARY–FEBRUARY 1995

5.

6.

recommended supplies, sometimes by a ratio of more than
3 to 1, see Hewes, B. Victor. “Updating Airport Emergency
Capabilities.” Airport Operations Volume 17 (September/
October 1991): 1–6.

Hynes, M.K. “Detecting and Eliminating Hazards Associated
with Air Carrier Noncrash-related Emergency Events.” Paper
presented at the 25th ISASI International Seminar, Paris,
France, 1994.

For an overview of evacuation safety issues, see NTSB.
Special Study: Safety Aspects of Emergency Evacuations
From Air Carrier Aircraft. NTSB-AAS-74-3 (November
1974).

International Civil Aviation Organization. Annex 14, Aerodromes Part 1.

NTSB. Special Investigation Report: Flight Attendant
Training and Performance During Emergency Situations.
NTSB/SIR-92/02.

Bibliography

Ritchie, G.K. “Physical Separations at Airports.” Paper presented at Royal Aeronautical Society, The New Large Aircraft
Conference, London, England, 1993.
United Kingdom Civil Aviation Authority (U.K. CAA). “EXODUS: An Evacuation Model for Mass Transport Vehicles.”
CAP 93006.
U.K. CAA. “Licensing of Aerodromes.” CAP 168.

Critchley, J.B.; Greenwood, J.S. “The New Large Aircraft:
Separation in Flight.” Paper presented at Royal Aeronautical
Society, The New Large Aircraft Conference, London,
England, 1993.
Dodwell, D.K.G. “The Airport Fire Services’ Response to the
New Generation of Larger Aircraft.” Paper presented at Royal
Aeronautical Society, The New Large Aircraft Conference,
London, England, 1993.
Galea, E. “Computer-based Simulations of Passenger Evacuation from Wide- and Narrowbody Aircraft Under Hazardous and
Nonhazardous Conditions.” Paper presented at the 11th Annual
International Aircraft Cabin Safety Symposium and Technical
Conference, Long Beach, California, United States, 1994.
Galea, E. “The Role of Mathematical Modeling in the Development of Safer Air Travel.” Paper presented at the 25th International Society of Air Safety Investigators (ISASI) International
Seminar, Paris, France, 1994.

U.K. CAA. World Airline Accident Summary. Cheltenham,
England: CAA Printing and Publication Services, 1993 (25th
Consolidated Amendment).

About the Author
Rodney Fewings is a senior research officer with the Department of Air Transport, College of Aeronautics, Cranfield University, United Kingdom. He has been associated
with the university since 1987. He is responsible for teaching and consulting in airport planning and operations, air
traffic management and air transport safety. Fewings is a
civil engineering graduate of Sheffield University and Imperial College, London. Prior to joining Cranfield, he
worked as a consulting engineer in the United Kingdom,
Africa, the Middle East and the Far East. He is a member
of the Chartered Institute of Transport and the Royal Institute of Navigation.

FLIGHT SAFETY FOUNDATION • AIRPORT OPERATIONS • JANUARY–FEBRUARY 1995

7

Flight Safety Foundation
presents the

40th annual CASS
CORPORATE AVIATION SAFETY SEMINAR

Safely Doing More
with Less
April 26–28, 1995
Vancouver, British Columbia, Canada
For more information contact J. Edward Peery, FSF.

AIRPORT OPERATIONS
Copyright © 1995 FLIGHT SAFETY FOUNDATION INC. ISSN 1057-5537
Suggestions and opinions expressed in FSF publications belong to the author(s) and are not necessarily endorsed
by Flight Safety Foundation. Content is not intended to take the place of information in company policy handbooks
and equipment manuals, or to supersede government regulations.
Staff: Roger Rozelle, director of publications; Girard Steichen, assistant director of publications;
Kate Achelpohl, editorial assistant; Rick Darby, editorial consultant; and Jean H. Zephir, production consultant.
Subscriptions: US$60 (U.S.-Canada-Mexico), US$65 Air Mail (all other countries), six issues yearly. • Include old
and new addresses when requesting address change. • Flight Safety Foundation, 2200 Wilson Boulevard, Suite 500,
Arlington, VA 22201-3306 U.S. • telephone: (703) 522-8300 • fax: (703) 525-6047

We Encourage Reprints
Articles in this publication may be reprinted in whole or in part, but credit must be given to: Flight Safety Foundation,
Airport Operations, the specific article and the author. Please send two copies of reprinted material to the director of publications.

What’s Your Input?
In keeping with FSF’s independent and nonpartisan mission to disseminate objective safety information, Foundation
publications solicit credible contributions that foster thought-provoking discussion of aviation safety issues. If you have
an article proposal, a completed manuscript or a technical paper that may be appropriate for Airport Operations, please
contact the director of publications. Reasonable care will be taken in handling a manuscript, but Flight Safety Foundation
assumes no responsibility for material submitted. The publications staff reserves the right to edit all published submissions.
Payment is made to author upon publication. Contact the Publications Department for more information.

8

FLIGHT SAFETY FOUNDATION • AIRPORT OPERATIONS • JANUARY–FEBRUARY 1995

