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Executive Summary

Since December 1992, there have been five accidents and incidents in
which an airplane on approach to landing encountered the wake vortex of a
preceding Boeing 767 (B-767). Thirteen occupants died in two of the accidents.
The encounters, which occurred during visual conditions, were severe enough
to create an unrecoverable loss of control for a Cessna Citation, a Cessna 182,
and an Israel Aircraft Industries Westwind. Additionally, there were
significant but recoverable losses of control for a McDonnell Douglas MD-88
and a B-737 (both required immediate and aggressive flight control deflections
by their flightcrews).

Safety Board data show that between 1983 and 1993, there were at least
651 accidents and incidents in the United States, including the 6 mentioned
above, that resulted from probable encounters with wake vortices. In these
61 encounters, 27 occupants were killed, 8 were seriously injured, and
40 airplanes were substantially damaged or destroyed.

The Safety Board conducted a special investigation to examine in detail
the circumstances surrounding the five recent accidents and incidents to
determine what improvements may be needed in existing procedures to reduce
the likelihood of wake vortex encounters.

The Safety Board’s investigation initially focused on why the B-767
appeared {- be invelved in a disproportionate number of wake vortex
encounters. Several reports indicated that the B-757 generated wake vortices
that were more severe than would be expected for an airplane of its weight.
However, as a result of a thorough study and analysis of the issue, the Safety
Board found little technical evidence to support the notion that the wake
vortex of a B-757 is significantly stronger than indicated by its weight.

The Safety Board’s investigation, therefore, raised concerns about the
following safety issues:

* the adequacy of the current aircraft weight classification
scheme to establish separation criteria to avoid wake vortex
encounters;

the adequacy of air traffis control procedures related to visual
approaches and visual flight rules operations behind heavier
airplanes;




¢ pilot knowledge related to the avoidance of wake vortices; and

¢ the lack of available data to analyze the history of wake vortex
encounters in the United States.

Asaresult of this special investigation, 19 recommendations were issued
to the Federal Aviation Administration, U.S. Department of Transportation.




Introduction

Since December 1992, there have been five accidents and incidents in
which an airplane on approach to landing encountered the wake vortex of a
preceding Boeing 757 (B-757) (see table 1). Thirteen occupants died in two of
the accidents. The encounters, which occurred during visual conditions, were
severe enough to create an unrecoverable loss of control for a Cessna Citation,
a Cessna 182, and an Israel Aircraft Industries Westwind. Additionally, there
were significant, but recoverable losses of control for a McDonnell Douglas
MD-88 and a B-737 (both required immediate and aggressive flight control
deflections by their flightcrews).

Safety Board data show that between 1983 and 1993, there were at least
61 accidents and incidents in the United {itates, including the 6 mentioned
above, that resulted from probable encounters with wake vortices (see
appendix A). In these 651 encounters, 27 occupants were killed, 8 were
seriously injured, and 40 airplanes were substantially damaged or destroyed.

In the last 20 years, the Safety Board has issued several safety
recommendations to the Federal Aviation Administration (FAA) to address
wake vortex issues. In 1972, following the crash of a Delta Air Line DC-9-14
at Fort Worth, Texas,! the Safety Board asked the FAA to “reevaluate wake
turbulence separation criteria for aircraft operating behind heavy jet aircraft,”
and to “develop new ATC separation standards which consider the relative
span loadings of the vortox-generating aircraft and the following aircraft under
meteorological conditions conducive to the trailing vortices” The FAA
responded that such actions were not necessary. (Appendix B contains details
of the Board’s past safety recommendations that address wake vortex issues.)

The Safety Board conducted a special investigation to examine in detail
the circumstances surrounding the five recent accidents and incidents in which
an airplane on approach to landing encountered the wake vortex of a preceding
B-767. The purpose of the Safety Board’s special investigation was to
determine what improvements may be needed in existing procedures to reduce
the likelihood of wake vortex encounters.

1 Nationa! Transportation Safety Board. 1973. Delta Air Lines, Inc., McDonnell Douglas
DC9-14, N2305L, Greater Southwest International Airport, Fort Worth, Texas, May 30, 1972.
Afreraft Accident Report NTSB-AAR-73-3. Washington, DC.




Table 1—Five airplane encounters with the wake vortex of
the preceding airplane on visual approach to landing
since December 1992

Leading Trailing
Date Location aircraft aireraft Comments

12/18/1992 Billings, MT B-167 Cessna Cessna rapidly rolled left and
Citation 550 contacted ground in a near
vertical dive when about 2.8
nm behind and about 300 feet
below the flight path of
leading aircraft.

Orlando, FL - At about 110 R AGL* MD-88
suddenly rolled right about
15°; crew regained control and
approach continued.

Denver, CO About 1,000 ft AGL, B-737
rolled lef violently, pitch
decreased 5°, and the airplane
lost 200 feet altitude; a go-
around was initiated, and the
airplane landed without
further incident.

11/10/1993 Salt Lake Cessna 182  On final approach, airplane
City, UT rolled 90° to the right; as pilot
attempted to level airplane, it
crashed short of runway.

12/16/1993 Santa Ana, Westwind  Abcut 2.1 nm behind and 400
CA feet below the flight path of
leading airplane, Westwind
rolled suddenly and contacted
the ground with a 45° nose
down pitch attitude.

* Above ground level.




Recent Encounters
With Wake Vortices

Billings, Montana.—On December 18, 1992, a Cessna Citation 660,
N6887Y, operating under Part 91, Title 14 of the Code of Federal Regulations
(14 CFR 91), crashed while on a visual approach? to runway 27R at the
Billings Logan Intemational Airport, Billings, Montana. The two
crewmembers and six passengers were killed. Witnesses reported that the
airplane suddenly and rapidly rolled left and then contacted the ground while
in a near-vertical dive. Recorded ATC radar data show that at the point of
upset, the Citation was about 2.78 nautical miles (nm) (about 74 seconds)
behind a B-767 and on a flight path that was about 300 feet below the flight
path of the B-757 (see appendix C). The flight path angle of the Citation was
3°, and the flight path angle of the B-767 was 4.7°.

The B-757, at a takeoff weight of 256,000 pounds, and the Citation, at
a takeoff weight of 13,000, are both classified as large airplanes.* Standard
IFR separation (greater than 3 nm) was provided to the pilot of the Citation
until the pilot requested and was cleared for a visual approach behind the

2 Air traffic controllers are required to provide lateral and vertical separation guidance
between airplanes when the airplanes are operating under instrument flight rules (IFR) and
receiving air traffic control (ATC) services. The separation criteria are intended to physically
separate alrplanes and to minimize the risk of wake vortex encounters. However, under
prescribed conditions, the controller may issue a visual approach clearance to the pilot of the
following eirplane. Once the pilot accepts the visual approach clearance, the pilot is
responsible for maintaining adequate wake turbulence separation and visual contact with the
lead alrplane and airport.

3 NTSB accident SEA 93-G-A041,

4 The FAA classifies airplanes as small, large, and heavy based on thelr maximum takeoff
weight. Small airplanes may weigh up to 12,600 pounds. Large airplanes weigh between
12,500 and 300,000 pounds. Heavy airplanes weigh 300,000 pounds or greater. (Also see
table 2.) These claseifications were established in 1970 after the FAA conducted flight tests
to determine the wake vortex characteristics of existing jet aircraft. These classifications were
used to establish aircraft separation standards. For example, a large airplane is required to
be separated from another large airplane by 3 nm while on an instrument approach to landing.
Before 1970, radar operating limits and, to a lesser extent, runway occupancy restrictions
dictated separation standards; there were no aircraft separations imposed because of wake
vortices.




B-767. The clearance was issued to the pilot about 4.6 minutes prior to the
accident while following the B-757 at a distance of 4.2 nm. After the visual
approach clearance was acknowledged, the speed of the Citation incroased
while ‘he speed of the B-767 decreased in preparation for landing. The
controller informed the pilot of the Citation that the B-757 was slowing and
advised the pilot that a right turn could be executed to increase separation,
Although the pilot never asked the controller about his distance from the
B-757, a statement recorded on the cockpit voice recorder (CVR) indicates that
the pilot recognized the separation had decreased because he stated, “Almost
ran over a seven fifty-seven,” about 40 seconds prior to the upset.

The Citation’s rapid and extreme departure from controlled flight
occurred when the airplane was about 2.78 nm (about 74 seconds) behind the
B-767. Calculations indicate that an additional 0.22 nm (about 6 seconds)
would have provided the required 3 nm of longitudinal IFR separation had the
pilot not requested the visual approach clearance. However, available data
show that under the existing atmospheric conditions, a vortex would not likely
have diminished an appreciable amount in the next 6 seconds. Consequently,
this accident indicates that lighter weight airplanes in the large category, such
as the Cessna Citation, require a separation distance greater than 3 nm when
following heavier airplanes in the large category, such as a B-767.

Although radar data indicate that, at any instant, the Citation was at
least 600 feet higher than the leading B-767 during the last 4 miles of the
approach, the flight path of the Citation was actually at least 300 feet below
that of the B-757.

The only cue available to the Citation pilot to determine his flight path
relative to the flight path of the B-767 would have been the Citation pilot'’s
visual alignment of the B-7567 and objects on the ground. For example,
assuming that the B-757 was on a relatively constant flight path, the Citation
flight pz th would have been similar to that of the B-757 if the Citation pilot
had obsarved that the B-757 was aligned with the runway touchdown zone.
If the B-767 were aligned with the far end of the runway, the flight path of the
Citation would have been lower than the flight path of the B-767. If the B-757
were aligned with the approach lights, the flight path of the Citation would
have been above the flight path of the B-757.

The failure of the Citation pilot to prevent the decrease in separation
distance strongly suggests that the pilot failed to realize that he was placing
the airplane in a dangerous position relative to the wake of the B-757.
Although the Airman’s Information Manual (AIM) suggests that the pilot of the
fullowing airplane should remain above the flight path of the preceding
airplane, the Safety Board is not aware of existing training material that
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discusses techniques for determining the relative flight paths of airplanes on
approach to landing.

Orlando, Florida.—On March 1, 1993, a Delta Airlines McDonnell
Dougles MD-88, operating under 14 CFR 121, was executing a visual approach
to runway 18R at Orlando International Airport, Orlando, Florida, while
following a B-757 to the airport.® The crew of the MD-88 reported that the
airplane suddenly rolled right about 16°, and the pilot rapidly deflected both
the wheel and rudder pedal to correct the uncommanded roll. Data from the
digital flight data recorder (DFDR) indicate that at about 110 feet above
ground level (AGL), the roll angle reached 13° right wing down and the
ailerons and rudder were deflected about one-half of full travel, 10° and 23°,
respectively. The crew regained control and the approach was continued to an
uneventful landing. Recorded radar data show that at the point of upset, the
MD-88 was about 2.5 nm (85 seconds) behind a Delta B-757 while the flight
path of the MD-88 was slightly below that of the B-7567. The flight path angle
of both airplanes was 3°,

The MD-88 flightcrew was issued a visual approach clearance when the
airplane was 4.5 nm from the leading B-767. However, the separation quickly
reduced to 2.6 nm. Had the MD-88 flightcrew not accepted the visual
approach, the required IFR separation distance of 3 n.n would have provided
an additional 13 seconds of separation. The MD-88 flightcrew told
investigators that they thought they had a 4 nm separation at the time of the
encounter.

Denver, Colorado.—On April 24, 1993, the flightcrew of a United
Airlines B-737 reported a wake vortex encounter while executing a visual
approach to runway 26L at Stapleton International Airport, Denver, Colorado.®
The flightcrew reported that about 1,000 feet AGL, the airplane rolled left
violently with no yaw, the pitch decreased 6°, and the airplane lost 200 feet
altitude. To correct the uncommanded roll, the pilot rapidly deflected the
wheel and rudder about 60° and 7°, respectively, according to the DFDR. A go-
around was initiated, and the airplane landed without further incident. The
DFDR data also indicate that at the point of upset, the B-737 was about, 900
feet AGL; in 2 seconds, its roll angle reached 23° left wing down. Recorded
radar data show that at the point of upset, the flight path of the B-737 was
about 100 feet below the flight path of a B-767 that was landing on runway
26R. The B-737 was about 32 seconds and 1,36 nm behind the B-767. The

8 NTSB incident DCA 93-1-A021,
6 N'I'SB incident DEN 93-1.A044,




wind was from the north at about 10 knots gusting to 16 knots. The flight
path angle of both airplanes was about 3°.

Runway 26L is parallel to, and displaced 900 feet south of runway 26R.
The threshold of runway 26L is offset about 1,300 feet to the east of the
threshold of runway 26R, resulting in a flight path to 26R that is about 70 feet
higher than the flight path to 26L. Under the existing wind ccnditions, a wake
vortex from the B-757 would descend and move to the south, toward a
standard flight path to runway 26L.

Air traffic controllers are required to provide standard separation to IFR
~ airplanes that are approaching 26L and 26R because the runways are
- separated by less than 2,600 feet. If the flightcrew of the B-737 had not
accepted a visual approach, the controller would have been required to provide
2-nm separation. During the early portions of the approach, ATC provided
vectors to the B-737, which resulted in S-turns for spacing (see appendix D).
Subsequently, the B-737 and B-767 were on converging courses within 12 nm
of the runway. Upon completion of the S-turns, the actual separation between
the airplanes was about 4.6 nm, However, the separation was predominately
lateral, not in-trail or longitudinal. The lateral componert of the separation
was about 4.6b nm, and the longitudinal component was only about 0.65 nm
along the inténded approach path. The B-767 was 1.8 nm to the right of its
final approach path, and the B-737 was 2.8 nm to the left of its final approach

~ path. The final approach paths were separated by 0.15 nm. Radar data show

that the B-767 was on a 15° intercept from the right side to align for the
-approach to runway 26R. The B-737 was on an 8° intercept from the left side
to align with the approach to runway 26L. Both airplanes converged to their
respective runway alignments, which resulted in a 900-foot lateral (left-right)
separation. The longitudinal component of the separation increased from
about 0.65 nm to an in-trail separation of about 1.35 nm. The controller
should have recognized that the relative spacing, in conjunction with the
cunverging courses, would result in less than a 3-nm separation when the
B-737 was in-trall behind the B-767. To maintain a 3-nm separation after the
acceptance of a visual approach clearance, the pilot of the B-737 would have
had to continue to execute S-turns.




Salt Lake City, Utah.—On November 10, 1993, the pilot of a Cessna
182, N9852X, operating under 14 CFR 91, was executing a visual flight rules
(VFR) approach to runway 32 at Salt Lake City International Airport, Utah.’
The pilot reported that he was instructed by ATC to proceed “direct to the
numbers” of runway 32 and pass behind a “Boeing” that was on final approach
to ranway 35. There is no evidence to suggest that the pilot was advised that
the airplane was a B-7572 The Cessna pilot reported that while on final
approach, the airplane experienced a “burble,” and then the nose pitched up
and the airplane suddenly rolled 90° to the right. The pilot immediately put
in full-left deflection of rudder and aileron and full-down elevator in an
-~ attempt to level the airplane and to get the nose down. As the airpiane began
to respond (o the correct attitude, the pilot realized that he was near the
ground and pulled the yoke back into his lap. The airplane crashed short of
the threshold of runway 32, veered to the northeast, and came to rest on the
approach end of runway 35. The pilot and the two passengers suffered minor
injuries, and the airplane was destroyed. The wind was 5 knots from the
south.

The approach ends of runways 32 and 35 are about 560 feet apart.
Radar data show that the Cessna was at an altitude of less thar. 100 feet AGL
when it crossed the flight pati of the B-757 (see appendix F). The B-757 had
passed the crossing position about 38 geconds prior to the Cessna 182. Trends
in the recorded radar data suggest that the flight path of the Cessna was
slightly above the flight path of the B-767 at the point of crossing. The exact
position of the upset has not been determined. However, wake vortices tend
to remain above the ground while in ground effect and translate outwar. at a
speed of 3 to 5 knots plus the wind component. In ground effect, the left
vortex from the B-7567 typically would have translated 200 to 300 feet to the
west. The vortex core may have been located about 75 feet above the ground,
although researchers have said the vortex has the potential to "bounce” twice
as high as the steady state height. In addition, the diameter of the vortex’s
flow field i3 usuaily about equal to the wing span of the generating airplane.
Thus, the Cessna 182 could have been effected by the vortex at any altitude
between ground level and 200 feet AGL. Although the Cessna’s flight path
was above that of the B-757, the pilot did not adequately compensate for the
height of the vortex.

7 NTSB actident SEA 94-G-A024.

8 At the time of the actident, there was no requirement for such an advisory. On
Decornber 22, 1993, the FAA issued a General Notice (GRNOT) requiring wake turbulence
advisories to airplanes operating behind B-167 airplanes. The FAA also issued a pilot bulletin
cautioning pilots about the possibility of wake vortex encounters, especially when following a
B.157. (See appendix B.) However, the separation distances were not changed.
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Santa Ana, California.—On December 16, 1993, an Israel Aircraft
Industries Westwind, operating under 14 CFR 135 at night, crashed while on
a visual agproach to runway 19R at the John Wayne Airport, Santa Ana,
California.” The two crewmembers and three passengers were killed.
Witnesses reported that the airplane rolled, and CVR data indicate that the
onset of the event was sudden. The airplane pitch attitude was about 45° nose
down at ground contact. Recorded radar data show that at the point of upset,
the Westwind was about 1,200 feet mean sea level (MSL) and 3.5 nm fiom the
end of runway 19R. The Westwind was about 2.1 nm (60 seconds) behind a
B-767 and on a flight path that was about 400 feet below the flight path of the
B-767. The flight path angle of the Westwind was 3°, and the flight path angle
of the B-767 was 5.6° (see appendix G, altitude profile). CVR data indicate
that the Westwind pilots were aware they were close to a Boeing airplane and
that the airplane appeared high. They anticipated encountering a little wake
and intended to fly one dot high on the glide slope (about 3.1° instead of 3.0°),
There is no evidence that the crew were adviged gpacifically that they were
following a B-757.

While receiving radar vectors to the airport, the crews of both airplanes
were flying generally toward the east and would have to make right tums to
land to the south. Radar data and ATC voice transcripts show that the
Westwind was 3.8 nm northeast of the B-767 when cleared for a visual
approach (cee appendix G, ground track). The Westwind started its right turn
from a ground track of 120° while the B-767 ground track remained at about
90°. The resultani closure angles started at 30° and became greater as the
Westwind continued its turn. About 23 seconds later, the B-767 was cleared
for the visual approach. The average ground speeds of the Westwind and
B-767 were about 200 and 160 knots, respectively. The Westwind was
established on course 37 seconds prior to the B-757. Although the combination
of the closure angle and the faster speed of the Westwind reduced the
separation distance from about 3.8 nm to about 2.1 nm in 46 seconds, the
primary factor in the decreased separation was the converging ground tracks.
The only way the pilot of the Westwind could have maintained adequate
separation was to execute significant maneuvers.

Based on radar data, at the time the visual approach clearance was
issued, the separation distance was rapidly approaching the 3 nm required for
IFR separation. To prevent compromise of the separation requirement, the
controller would have had to take positive action to change the Westwind’s
track, or to issue the visual approach clearance and receive confirmation that
the pilot accepted the visual approach within 29 seconds.

® NTSB accident LAX 94-F-A073.
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The investigation disclosed that the company for which the crew were
flying had not provided specific training regarding wake vortex movement and
avoidance techniques. According to Safety Board investigators, the company’s
director of operations stated that any such training would have been included
in the required windshear training. However, wake vortex avoidance was not
discussed in the company’s windshear training. Further, the Safety Board is
unaware of any such training for Part 121 and 135 pilots.




Research and Data
on Wake Vortices

Research on Wake Vortex
Detectior and Prediction

The National Aeronautics and Space Administration (NASA), in
conjunction with the FAA, is conducting an aggressive wake vortex research
program related to the Terminal Area Productivity Program. “According to the
director of the NASA program, the purpose of the program is to increase
airport capacity by accurately predicting safe separation distances using real-
time data of atmospheric conditions and data specific to the airplane model.
NASA envisions that the system would be backed up by real-time monitoring
of wake vortex movements. The structure of the program is to parallel the
highly successful windshear research program conducted by NASA seversl
years ago. The multidisciplined program will address training, risk
characterization (of airplane pairs), defining atmospheric effects of wake
transport. and decay, and airborne or ground-based wake vortex detection
systems. Once the positions of wake vortices can be accurately predicted and
detected;, NASA iesearch reportedly will focus on developing systems for
controll :rs that will enable airplanes to be safely spaced at sinaller separation
distanccs.

NASA has had recent success using a ground-based LIDAR radar to
track wake vortices at Stapleton International Airport; NASA plans to continue
the project, testing LIDAR radar at Memphis this summer. In addition, NASA
plans to install LIDAR radar on its B-737 to study the feasibility of using the
radar for airborne detection of wake vortices. A highly instrumented OV- 10,10
with variable roll inertia, will be flown in the wake of other airplanes. NASA
has conducted wind tunnel tests using a model to create wake vortices and
used another remote control model to fly in tho test wake. NASA plans
additional tests in the NASA Ames 80-foot by 120-foot wind tunnel, using a
large size B-747 wind tunnel model. The Safety Board is encouraged that new
technology being developed may find application in future airborne and

10 1he Rackwell OV-10 is a twin-engine turboprop airplane with a 40-foot wing span and
a 9,900-pound gross weight.
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ground-based systems to monitor wake vortex movements and believes that the
FAA should continue funding research in these areas.

Data on Wake Vortex Encounters

Data are not available to analyze the wake vortex incident history in the
United States because the FAA does not require pilots to report wake vortex
encounters, The only existing U.S, data on wake vortex encounters of which
the Safety Board is aware are the Board'’s own accident and incident reports
and reports filed through the Aviation Safety Reporting System (ASRS).
Despite the limitations of the AHRS data,!! the report narratives provide
insight into specific safety issues, such as wake vortex encounters. Appendix H
contains incident reports derived from the ASRS data base. Although the
airplane models are not identified in the ASRS data base, on the basis of ASRS
reporting categories, it can be inferred that most pilot reports defining a large
(LR@G) airplane (160,000 to 300,000 pounds) were referring to a B-757.

Unlike the FAA, the Civil Aviation Authority of Great Britain (CAA), in
1972, established a voluntary reporting system to gather data on wake vortex
encounters. In 1982, using data from the reporting system, the CAA changed
from a three-group airplane weight category to a four-group weight category.
(See table 2 for a comparison of the weight categories used by the CAA, the
FAA, and the International Civil Aviation Organization (ICAO).) According to
a paper presented at the FAA-sponsored international conference of aircraft
wake vortices held in Washington, D.C,, in October 1991, “The four group
scheme (weight categories) introduced in 1982 was divided as a result of
incident data gathered in earlier years, and was designed to provide extra
protection for some types of aircraft found to suffer particularly severe
disturbance behind heavy group aircraft.”?

1 Because all ASRS reports are voluntarily submitted, they cannot be considered a
measured random sample of the full population of like events. Moreover, not all pilots,
controllers, alr carriers, or other participants in the aviation system are equally aware of the
ASRS or equally willing to report. Consequently, the data reflect reporting biases.

12 Proceedings of the Adrcraft Wake Vortices Conference, October 29, 1891, DOTYFAA/SD-
9%/1.1, p. 6.2.
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Table 2—Alrcraft categories and welght range of
aircraft in categories used by the International Civil
Aviation Organization (ICAQ), United Kingdom (U.K.),
and United States (U.S.) as the baslis for current
separation standards established to avoid wake vortex
encounters®

In pounds

NA

<300,000
to 90,000

<£0,000
to 37,600

Light <15,000 <31,600

NA = not applicable because category has not been designated.

% The weight categories are based -n maximum takeoff weight of the
ajrcrafl.

The CAA continues to gather data on wake vortex encounters. An
analysis of CAA wake vortex incidents reported between 1972 und 1890 found:

...the B-747 and B-767 airplanes appear to produce significantly
higher incident rates than the other airplanes considered,
indicating prima facie that they produce stronger and more
persistent vortices than the other aircraft in their respective
weight categories....The fact that the B-747 is by far the heaviest
in the 'heavy' wake vortex class (maximum take-off weight




371,000 Kg) is a likely explanation for its higher incident rates.
However, the cause of the higher B-767 incident rates is
uncertain.

The B-737 was cited as being most involved as the following airplane. Ofnote,
the CAA requires a 3-nm separation when a B-737 is following a B-767, and
the B-757 is the largest airplane in its category.

The CAA Wake Vortex Reporting Programme (WVRP) was transferred
to the Air Traffic Control Evaluation Unit (ATCEU) in 1989 14 The ATCEU
collects data from various parlies on each wake vortex encounter and enters
the datu into the wake vortex data base. The notification usually comes from

causing the vortices, the Meteorological Office, London Air Traffic Cont.rni
Center (for recorded radar data provided to ATCEU by data link), and from the

. ta are analyzed to determine if

ported incident is, in fact, an encounter with a wake vortex,

A total olt; 86 incidants were reported in 1990, and 87 incidents were reported
in 1991,

The Safety Board believes that the FAA should also require reporting
of wake vortex encounters and establish a system to collect and analyze
pertinent information, such as recorded radar data (including wind and
temperature data recorded on many of the newer airplanes), atmospheric data,
and operational information, including selected flight data recorder data. The
Safety Board acknowledges the difficulty in developing clearly usable
definitions and suggests that the CAA program could be

result of concerns of enforcement actions, the FAA
will need to address the igsue of enforcement when developing the reporting
procedures,

' Proceedings of the Aireraft Wake Vortices Conference, October 29, 1091, DOTYFAA/SD.
9%/1.1,p8.2.

14 National Alr Traffic Services. Civil Aviation Authority, ATCRU Memorandum No. 177,
18 ATCRU Memorandum No. 184,
14




Discussion

The Safety Board’s investigations of the preceding cases initially focused
on why the B-7567 appeared to be involved in a disproportionate number of
wake vortex encounters. Several reports indicated that the B-757 generated
wake vortices that were more severe than would be expected for an airplane
of its weight. However, as a result of a thorough study and analysis of the
insue, the Safety Board found little technical evidence to support the notion
that the wake vortex of a B-767 is significantly stronger than indicated by its
weight. Figure 1 presents the calculated initisl relative vortex strength of the
B-7567 and other airplanes. The calculated initial vortex strength is closely
related to the weight of the airplane. Of note, the B-767 is the heaviest

airplane in its weight category, and there are no other airplanes of similar
weight.

The current aircraft weight classification scheme was established in
1970 based on FAA flight tests to determine the wake vortex characteristics
of existing jet aircraft. Based on these classifications, aircraft separation
standards were established in 1970, with some modifications made in 1976.
However, many transport category turbojet airplanes have been introduced
into service since tlie implementation of the aircraft separation requirements.

The Safety Board’s investigations, therefore, raised concerrs about the
adequacy of: (1) the current aircraft weight classification schere to establish
separation criterin to avoid wake vortex encounters; (2) air traffic control
procedures related to visual approaches and VFR operations behind heavier
airplanes; and (3) pilot knowledge related to the avoidance of wake vortices.
Resolution of these concerns would address any concerns that were believed to
have been specific to the B-7567.

Aircraft Separation Criteria
Based on Weight

The wake vortex characteristics of transport category airplanes are not
required to be determined at the time of airplane certification; afrplane
geparation distances to avoid wake vortex encounters are based solely on
weight. For example, not until 1992 did the National Oceanic and Atmospheric
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Figare 1—Calculated initial vortex strength of aircraft types. (Courtesy of the National
Aeronautics and Space Adminstration.)




Administration (NOAA) and FAA conduct tower fly-by tests to determine the
characteristics of wake vortices produced by the B-767; yet the airplane
entered service in 1982, and there are 574 airplanes now in service. The
testing has shown that the B-757 generated the highest vortex tangential
velocity,!® 326 feet per second, of any tested airplane, including heavy category
B-747, B-767, and C-5A airplanes.)” The vortex core radius was about
3 inches. Various theories have been offered as to why the tangential velocity
was hizher than previously measured. Although not proven, a number of
researchers and engineers believe that the B-757 wing flap design is an
important factor. Most of the larger transport category airplanes have gaps
between the trailing edge flaps that disrupt the unifo.).\ development of the
vortex. The B-767 flaps are continuous from the fuselag2 to the ailerons, a
design that is believed to be more conducive to uniform de -elopment of the
wake vortex.

More importantly, however, the high core velocity (within the small core
radius) is not considered the primary factor in defining the risk associated with
encountering the vortex. Researchers and engineers generally believe that the
vortex circulation!® is a more significant factor in the risk of a wake vortex
encounter. The circulation theory has been verified and accepted for many
years. The initial strength of a vortex can be accurately calculated and the fly-
by test results have shown that the circulation of the B-767’s wake is typical
for its weight. The B-767's circulation was greater than that of a B-727 and
less than that of a B-767. In addition, the data to date suggest that the
longevity of the B-7567 vortices is consistent with its wing span.

The January 1993 NOAA report did not recommend an increase in the
separation distances behind the B-767, citing insufficient testing to determine
the persistence of a B-767 vortex. The report did recommend additional testing
to determine the persistence of and the effects of atmospheric conditions on
B-767 vortices. The Safety Board concurs in this recommendation. However,

18 A vortex, a mass of rotating air, consists of a core and a flow field about the core. Lift
is created by a pressure differential between the upper and lower surface of the wing. This
pressure differential results in a rollup of the airflow aft of the wing, thus creating a vortex.
The tangential velocities of the core are proportional to the distance from the center of the core
whereas the tangential velocities in the flow field are generaily inversely proportional to the
square of the distance from the core.

17 National Oceanic and Atmospheric Administration Technical Memorandum ERL ARL-
199, January 1993.

18 (irculation is a measure of the angular momentum of the air in the flow field and
defines the strength of a vortex. The size and strength of the flow field determine the risk of
upset posed to a following airplane.
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the Board also believes, as discussed in more detail later in this report, that
the accident at Billings, Montana, provides sufficient evidence to warrant
increasing the separation distance behind the B-767.

Th. Safety Board is concerned that the design of future airplanes could
result in wake vortices that are unusually strong or persistent for the weight
of the airplane. Flight testing would provide data about the vortex decay,
transport, residual strength, eff~.ts of atmospheric conditions, and unusual or
unique characteristics of che airplane’s vortex. Accordingly, the Board believes
that the FAA should require manufacturers of turbojet, transport category
airplanes to determine, by flight test or other suitable means, the
characteristics of the airplanes’ wake vortices during certification.

Until the FAA has developed the knowledge and systems that will
permit a sig.ificant reduction in the probabhility of wake vortex encounters,
there will be a need to visually determine adequate separation distances.
Further, the five vortex encounters described earlier and the CAA data
demonstrate the need to increase the IFR separation distances for small and
large airplanes on approach and in-trail behind the B-767 and other airplanes
of similar weight if they are introduced into service. The accident at Billings
and the incident at Orlando show that an encounter with a B-767 vortex at
3 nm can be dangerous to most large airplanes. In addition, greater ATC
separation standards may have reduced or prevented the excessive closures
noted in the other three encounters.

The FAA requires less radar separation for wake vortex considerations
for IFR airplanes under positive air traffic control than that recommended by
the ICAO and required by the CAA (see table 3). A Citation or Westwind
following an airplane such as a B-7567 would require a 5-nm separation based
on ICAO recommendations and a 6-nm separation based on CAA standards,
rather than the 3-nm separation required by the FAA.

One method 1o achieve increased separation behind a B-767 would be to
reclassify the B-757 as a heavy airplane.!® Large airplanes would benefit from
a b-nm separation and small airplanes would benefit from a 6-nm separation
when executing an instrament approach in-trail behind a B-767. However, the
reclassification would reduce the required radar separation of a B-767 in-trail
behind a B-747 (maximum gross weight of 820,000 pounds) from 5 nm to 4 nm,
increasing the risk of a wake vortex upset for the B-767. The FAA and Boeing
have expressod concern about increasing the risk of a wake vortex encounter
if a B-757 followed a heavy airplane more closely.

19 Canada has reclassified the B-757 as a heavy alrplane when it is the leading airplane.
18




Table 3—Separation distance between lead and
following aircraft currently established by the
International Civil Aviation Organization (ICAQ),
United Kingdom (U.K.), and Uniied States (U.8.) to
avold wake vortex encounters

Minimum separation distance,
Weight category* of— (nautical miles)

Lead Following |
alicraft aireraft ICAO UK, U.s.

Heavy Heavy
Heavy Large
Heavy Medium
Heavy Small
Heavy Light

Large Large NA
Large Small ! NA

Medium Medium 3
Medium Small 4
Medium Light 6

Stnall Light 4

NA = not applicable because category has not been designated.

* The weight categoriés are based on maximum takeoff weight of the
aircraft.

The characteristics of certain airplane pairs were examined to determine
the relative risks of upset by wake vortex encounters. The relative risk of
wele vortex upsets is a function of the strength of a vortex generated by the
leading airplane and the roll moment inertia of the trailing airplane. The
vortex strength is generally defined as a function of weight divided by velocity
and span. The roll moments of inertia are generally proportional to the weight
of the airplane.?®

1 Roskam, Jan. 1982. Airplane flight dynamics and automati¢ flight controls. Ottaws,
KS: Roskam Aviation and Engineering Corporation. (p. 18).
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Safety Board staff used the maximum !auding weights to represent the
roll inertia of B-767s and Citations. The vortex strengths of B-747s and B-757s
were also calculated using maximum landing weights. The combination of the
B-747 vortex strength and the B-767 landing weight was compared to the
combination of the B-757 vortex strength and the Citation landing weight. The
comparisons show that, at equal separation distances, the risk of loss of control
when a Citation encounters the wake vortex of an airplane similar in weight
to a B-757 is 8 times greater than the risk associated with a B-757
encountering the wake vortex of A B-747 (see appendix I for calculations). In
practice, however, the B-757/B-747 pair would be separated by 4 nm if both
were classified as heavy airplanes, thus lessening the risk for that pair
(because 3 nm was us- ] in the risk calculations). Therefore, the relative risk
of the two pairs is greater than a factor of 8. In addition, the determination
of the relative risk does not reflect the CAA data, which suggest that the wake
vortex of a B-767 may last longer than would be expected for its weight.
Clearly, therefore, if the risk associated with reclassifying the B-757 as a heavy
category airplane is unacceptable, the current risk to a Citation at 3 nm
behind a B-767 is also unacceptable.

The Safety Board shares the concern of the FAA and Boeing about
reclassifying airplanes such as the B-767 as heavy airplanes. The Safety
Board believes it would be preferrable to maintain the current separation
distance of 5 nm when such airplanes are following a heavy airplane and to
increase the separation distances for other airplanes when they are following
a B-767 or other airplenes of similar weight. The accident in Billings,
Montana, for example, clearly demonstrates that lighter weight airplanes in
the large airplane category require a separation distance greater than 3 nm
when following a B-767. Further, the CAA wake vortex incident data raise
concern about airplanes of the size of B-737s following only 3 nm behind
airplanes of the size of the B-767. Accordingly, the Board believes that the
FAA should immediately establish the following interim wake vortex
separation requirements for IFR airplanes following a Boeing 767 and other
airplanes of similar weight: 4 nm for airplanes such as the B-737, MD-80, and
DC-9; 6 nm for airplanes such as the Westwind or Citation; and 6 nm for small
airplanes. The current separation requirement of 5 nm when a B-767 or other

airplane of a similar weight is following a heavy category airplane should be
maintained.




The relative risk comparisons also indicate that the lighter weight
airplanes in the large airplane category are at high risk of upset from the
vortices generated from airplanes in the heavy category. Consequently, the
Safety Board is concerned that the current separation requirements for IFR
airplanes such as the Westwind and Citation when following heavy category
airplanes are also inadequate.

The most significant problem related to establishing adequate separation
standards is the great range of weights (12,600 to 300,000 pounds) in the large
airplane category. Because of the large weight differences bétween the high
and low end of the large airplane category, lighter weight airplanes are at high
risk of upset from the vorlices generated by the heavier weight airplanes. One
possible means to minimize the risk of wake vortex encounters is simply to
divide the large airplane category into two separate categories (for example,
12,500 to 150,000 pounds and 160,000 to 300,000 pounds), accompanied with
increased separations between the newly created categories. However, a
preferrable approach would be to create four weight categories in which the
ratios of the high and low weights in each category would be similar. For
oxample: heavy (greater than 300,000 pounds), large (between 100,000 and
300,000 pounds), medium (between 30,000 and 100,000 pounds), and small
(less than 30,000 pounds). The maximum ratio of weights within each category
is about 3.

Appropriate separation distances, based on such a revised weight
classification scheme, consistent with the separation distances discussed above,
could be the following: for airplanes following a heavy category airplane, the
separation distance should be 4 nm (heavy), 6 nm (large), 6 nm (medium), and
7 nm (small). For airplanes followiag a large category airplane, the separation
distances should be 4 nm (large), 5 nm (medium), and 6 nm (small). Current
data suggest that a separation distance of 3 nm may be adequate for a medium
category airplane following another medium category airplane and for all
airplanes following a small airplane. Such an approach would provide more
separation because of the increased number of categories and would also
reduce the weight disparity of the high and low weights within each category.
Therefore, the Safety Board beliaves that the FAA should revise the airplane
weight classification scheme to reduce the weight disparity of high and low
weights within each category and to establish separation distances between the
various weight categories, consistent with the separation distances discussed
above (for airplanes trailing airplanes such as the B-767).




Air Traffic Control Procedures
Related to Visual Approaches
and VFR Operations

Behind Heavier Airplanes

The Safety Board believes that one common element to the five wake
vortex encounters described earlier is that a combination of ATC procedures
and pilot actions resulted in separation distances that were too small for the
airplane trailing behind a B-7567 while on a visual approach to landing.
Currently, controllers are required to ensure that airplanes have the proper
radar separation prior to the issuance of a visual approach clearance.
However, the incident at Denver and the accident at Santa Ana illustrate that
controllers sometimes issue visual approsch clearances when the separation
distance and closure rate preclude the pilot from maintaining a safe separation
distance without excessive maneuvering. During peak traffic periods,
controllers rely on the use of visual approaches to increase traffic capactty and
to reduce delays. Pilots may try to sccommodate the controller by accepting
a visual approach even though they may be unable to maintain adequate
separation from the preceding traffic without excessive maneuvering, excessive
reconfiguration of the airplanes, or drastic reduction of their airspeed. When
this situation occurs, a compression effect can be created, increasing the
exposure of each successive arrival to a wake turbulence encounter.

The Safety Board believes that the FAA should amend 7 110.65H, Air
Traffic Control,*! to prohibit controllers from issuing a visual approach
clearance to an IFR airplane operating behind a heavier airplane (in the large
or heavy airplane category) until the controller has determined that the in-teail
airplane should not have to execute S-turns, make abrupt configuration
changes, or make excessive speed changes while maintaining a separation
distance that would be required for IFR approaches. If the airplane is in-trail
or on a converging course at the time the visual clearance is issued, osure
rate should be consistent with the required separation distance. That s, if the
separation distance is slightly greater than the required separation distanoy,
the closure rate should be minimal. However, if the separation distance is
large, a greater closure rate may be tolerated. The controller should set up the
in-trail situation in a manner in which both airplanes can continue the
approach in a reasonable manner.

4! This document Is the air traffic control handbook that prescribes alr traffic control
procedures and phraseology for use by personnel providing air traffie control services.
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In addition, although controllers receive initial training in these areas,
the Safety Board believes that controllers should be provided annual refresher
training related to wake turbulence separation and advisory criteria. The
training should emphasize the need for controllers to avoid using phrases or
terminology that would encourage pilots of VFR or IFR airplanes to reduce
separation to less than that required during IFR operation, thereby increasing
the chance for a wake turbulence encounter when operating behind a turbojet
airplane.2

The Safety Board i3 especially concerned that the GENOT and pilot
bulletin issued on December 22, 1993, by the FAA are not likely to be effective
in reducing wake turbulence encounters of pilots who accept a visual approach
clearangg or who follow closely behind a B-757 while on approach to the
airpor The GENOT and pilot bulletin, in essence, reiterate past practices.
The only change is the requirement that wake turbulence cautionary advisories
be issued t airplanes following a B-767. Pilots are not provided any additional
guidance on how to adhere to the procedures defined in the AIM. Specitically,
pilots are still not provided sufficient information to determine that adequate
separation distances are being maintained or to determine that thei¥ flight
path remains above the flight path of the preceding airplane.

Knowledge of the manufacturer and model would help the pilot
detarmine a safe sepavation distance. For example, in the Salt Lake City and
S na accidents, the pilots knew they would be operating behind a

.. airplane. The controller, in each situation, had ample opportunity to

<« = pilot, specifically, that he would be operating behind a Boeing 767.
L. vilot, if provided with a wuke turbulence cautionary advisory
and otaer inwo. cation relevant to the avoidance of wake turhulence, such as
geparation distance and the existence of an overtaking situation, would be
better able to maintain an adequate separation distance. Thus, the Safety
Board balieves that controllers should be required to provide this information,
as 4 minimum, to pilots prior to allowing visual operations behind or in-trail
of heavier, turbojet airplanes. Several of the 46 accidents and incidents from
19083 to 1993 that resulted from probable encountors with wake vortices
occurred during phases of operation other than the approach phase. Had the

22 A review of ATC transcripts from some of the accidents and incidents which resulted
from probable encounters with wake vortices revealed terminology used by controllers that
would encourage pilots to violate separation requirements, such “keep a tight pattern and
follow the large airplane.” In one instance, the controller requested a short approach but also
cautioned about wake turbulence; in that instance the pilot encountered turbulence at 50 feet
and crashed, sustaining serious injuries.

23 Gee appendix E for GRNOT, pilot bulletin, and other related correspondence.




pilots involved in these accidents and incidents known the manufacturer and
model of the other aircraft, they might have been able to maintain adequate
separation distances. Therefore, the Safety Board believes that the FAA ghovld
amend handbook 7110.65H, Air Traffic Control, to require that controllers
issue both the manufacturer and model of airplane when issuing information
about air carrier traffic.

The Safety Board recognizes that the proposed changes will be an
additional burden for air traffic controllers. However, until more reliable
systems are in place to predict and detect wake votices, these measures should
further reduce the likelthood of wake vortex encounters.

Pilot Knowledge Related to
the Avoidance of Wake Vortices

The accident and incident data suggest that a combination of pilots’ lack
of understanding of the hazards of wake vortices and the difficulty of knowing
the movements of wake vortices are major contributors to wake vortex
encounters. A pilot's visual estimate of range is not sufficiently accurate to
ensure safe separation. It is especially difficult to estimate separation
distances at night. In addition, Safety Board accident and incident data show
that student pilots and pilots operating under 14 CFR 91 rules continue to
encounter wake vortices at an unacceptable rate. The Safety Board notes that
many pilots involved in accidents and incidents had instrument ratings, had
been given wake vortex precautions, and yet continued on, either ignoring the
caution, or mistakenly believing that they were above the vortex. To help
pilots avoid wake vortex encounters, the Board urges the FAA to develop
comprehensive training programs related to wake turbulence avoidance and to
publish the information in the Airman’s Information Manual?* and other
training materlals. This information should include techniques for
determining relative flight paths and separation distances. The accident at
Billings, Montana, for example, clearly demonstrated the need for techniques
to help pilots maintain a flight path that is higher than that of the leading
airplane. In that accident, the flight path of the Citation was at least 300 feet
below that of the B-767. Further, the information should define the vertical

24 The Airman’s Information Manual provides information on wake vortices and instructs
pilots to maintain a flight path that {s higher than that of the leading airplane. The manual,

lﬁon‘;aver, does not provide guidance on how to avoid wake vortices or to maintain the proper
ight path.
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movement of wake vortices in ground effect. In the accident at Salt Lake City,
Utah, the Cessna 182 could have been affected by the vortex of the B-767 at
any altitude between ground level and 200 feet AGL. Although the Cessna’s
flight path was above that of the B-767, the pilot did not adequately
compensate for the height of the vortex. Knowledge of or training specifically
related to the height of wake vortices in ground effect likely would have
prompted the Cessna pilot involved in the Salt Lake City accident to remain
several hundired feet above the B-757 flight path. However, the Safety Board
is not aware of any training related to wake vortex avoidance that is provided
to pilots after they initially receive their pilot’s license. Consequently, the
Safety Board believes that the FAA should require 14 CFR 121 and 14 CFR
135 operators to implement training specifically related to the movement and
avoidance of wake vortices and techniques to determine relative flight paths
and separation distances. In addition, the FAA should revise the practical test
standards for commercial, air transport pilot, and additional type ratings to
place emphasis on wake turbulence avoldance.

Finally, the B-767 has the capability to fly steeper approaches at slower
speeds than most other turbojet transport category airplanes at similar
weights. The steeper approaches may be conducted for fuel conservation, noise
abatement policies, or simply because the performance of the B-757 allows
such approaches. As a result, smaller airplanes, while conducting a normal
approach, may be faster and on lower flight paths than a B-767, thus
increasing the risk of an encounter with the vortex of the B-767. The Safety
Board believes that the FAA should establish air traffic control and operational
procedures for the B-767 and other heavier large category airplanes or heavy
category airplanes that would result in approaches being conducted in
accordance with flight path guidance, when available, or on a standard flight
path angle of about 3° when such airplanes are established on course to the
runway and other nirplanes are in-trail. In addition, the FAA should inform
operators of the B-767 and other heavier large category airplanes or heavy
category airplanes to instruct pilots of the importance (because of the potential
for a strong wake) on approach to landing of maintaining a flight path in
accordance with guidance, when available, or on a standard flight path angle
of about 3°.




Use of Traffic Collision
and Avoidance Systems

As discussed above, the investigations show that pilots typically do not
possess the skills to accurately determine the flight paths of airplanes they are
following nor can they accurately estimate the distance to those airplanes, The
Safety Board oelieves that training can improve those skills but cannot
eliminate the problem. One possible remedy would be to develop technology
to help the pilots determine their position relative to a preceding airplane.
Currently, ground-based radar is the only operational tool designed for that
purpose. With radar, air traffic controllers can determine separation but
cannot easily determine relative flight paths. However, radar separation
requires the constant attention of the controller and the controller's
communication with the following airplane.

Another possibility would be to use Traffic Collision and Avoidance
Systems (TCAS) to provide range information to a pilot following another
airplane. Although TCAS was designed only for warning of pending collisions,
certain models provide position data of other airplanes. The Safety Board
understands that some pilots are currently using the range information
provided by TCAS to corroborate range information provided by ATC. In
addition, the FAA and some airlines are currently evaluating the feasibility of
using TCAS to provide separation information over the Atlantic Ocean when
radar coverage is not available. According to the FAA, TCAS manufacturers
have determined that the systems are sufficiently accurate for use over the
Atlantic when the range is within 10 to 16 miles.

However, various concerns have been raised about the use of TCAS for
separation during a visual operation in the terminal environment, Among
these concerns are: that TCAS was not designed to provide geparation
information; the pilot’s attention may be diverted into the cockpit; the pilot will
have more tasks to perform; the display of some TCAS systems are not
adequate for use as a separation aid; and the systems have had problems with
reliability and false alarms. Also, the smaller general aviation and corporate

airplanes that would benefit the most from accurate range information are less
likely to have TCAS installed.




TCAS II is required to be installed on Part 121 airplanes and TCAS I
will be required to be installed on Part 1386 airplanes by February 1996,
although the FAA estimates that the compliance date will be extended by 1 or
2 years, Currently, more than 1,000 corporate airplanes have TCAS II
installed. TCAS is now being installed during the manufacture of some
corporate airplanes such as the Grumman Gulfstream IV and the Cessna
Citation.

The Safety Board believes that TCAS may have the potential of
providing useful range information to the pilot who has accepted a visual
approach clearance while in-trail behind another airplane. Therefore, the
Safety Board believea that the FAA, in co-junction with industry, should
determine whether TCAS is appropriate for providing pilots with the
geparation distance to the preceding airplane during visual landing
approaches. If appropriate procedures can be developed, the use of TCAS for
establishing safe separation should be encouraged for the pilot of airplanes so

equipped.




Findings

1. The Safety Board’s investigations of five recent accidents in which an
airplane on approach to landing encountered the wake vortex of a
preceding Boeing 767 indicated that the following factors were more
important than any specific characteristic of the B-767 wake vortex:
(1) inadequacies in the current airplane weight classification scheme to
establish separation criteria, (2) inadequacies in air traffic control
procedures related to visual approaches and visual flight rules operations
behind heavier airplanes, and (3) insufficient pilot knowledge and training
related to the avoidance of wake vortices.

. Because of the large weight differences between the high and low end of
the large airplane category, lighter weight airplanes are at high risk of
upset from the vortices generated by the heavier weight airplanes.

. Current air traffic control procedures and pilot reactions can result in
airplanes following too closely behind larger airplanes while on a visual
approach to landing.

. Pilots of arriving visual flight rules airplanes and instrument flight rules
airplanes cleared for visual approach often do not have sufficient
information to maintain adequate separation distances or to determine
relative flight paths.

. Pilots are not provided adequate training related to the movement and
avoldance of wake vortices or for determining relative flight paths and
separation distances.

. Data are not available to analyzc the wake vortex incident history in the
United States because the Federal Aviation Administration does not
require pilots to report wake vortex encounters.

. The wake vortex characteristics of transport category airplanes are not
required to be determined at the time of airplane certification; airplane
separation requirements to avoid wake vortex encounters are based solely
on weight.

. New technology being developed may find application in future airborne
and ground-based systems to monitor wake vortex movements.




Recommendations

As a result of this special investigation, the National Transportation
Safety Board made the following recommendsations to the Federal Aviation
Administration:

Establish the following interim wake vortex sceparation
requirements for instrument flight rules airplanes following a
Boeing 767 and other airplanes of similar weight: 4 nautical miles
(nm) for airplanes such as the B-737, MD-80, and DC-9; 5 nm for
airplanes such a3 the Westwind and Citation; and 6 nm for small
airplanes. Maintain the current separation requirement of 6 nm
when a B-787 or other airplane of a similar weight is following a
heavy category airplane. (Class I, Urgent Action) (A-94-42)

Revige the alrplane weight classification scheme to reduce the
weight disparity of high and low weights within each category
and to establish separation distances between the various weight
categories, consistent with the interim separation distances
outlined in Safety Recommendation A-94-42. (Class 1I, Priority
Action) (A-94-43)

Establish air traffic control and operational procedures for the
Boeing 767 (B-767) and other heavier large category airplanes or
heavy category airplanes that would result in approaches being
conducted in accordance with flight path guidance, when
availabln, or on a standard flight path angle of about 3° when
such airplanes are established on course to the runway and other
airplanes are in-trail. (Class II, Priority Action) (A-94-44)

Inform operators of the Boeing 757 (B-767) and other heavier
large category airplanes or heavy category airplanes to instruct
pilots of the importance (because of the potential for a strong
wake) on approach to landing of maintaining a flight path in
accordance with guidance, when available, or on a standard flight
path angle of about 3°. (Class II, Priority Action) (A-94-46)




Amend FAA Handbook 7110.65H, Air Traffic Control, to prohibit
the issuance of a visual approach clearance to an instrument
flight rules airplane operating behind a larger airplane (in the
large or heavy airplane category) until the airplane is in-trail and
the closure rate is such that the pilot can maintain the minimum
instrument flight rules separation without excessive
maneuvering. (Class II, Priority Action) (A-94-46)

Amend FAA Handbook 7110.65H, Air Traffic Control, to require
that instrument flight rules airplanes cleared for a visual
approach behind A heavier turbojet airplane be advised of the
airplane manufacturer and model, be provided a wake turbulence
cautionary advisory, and be provided other information relevant
to the avoidance of wake turbulence, such as separation distance
and the existence of an overtaking situation. (Class II, Priority
Action) (A-94-47)

Amend FAA Handbook 7110.66H, Air Tyaffic Control, to require
that arriving visual flight rules airplanes that have been
sequenced for approach behind a heavier turbojet airplane be
advised of the airplane manufacturer and model, be provided a
wake turbulence cautionary advisory, and be provided other
information relevant to the avoidance of wake turbulence, such as
separation distance and the existence of an overtaking situation.
(Class II, Priority Action) (A-94-48)

Amend FAA Handbook 7110.65H, Air ‘Traffic Control, to require
that controllers issue both the manufacturer and model of

airplane when issuing information about air carrier traffic.
(Class II, Priority Action) (A-94-49)

Develop annual refresher training for air traffic controllers
regarding wake turbulence separation and advisory criteria. The
training should emphasize the need for controllers to avoid using
phrases or terminology that would encourage pilots of +¢sual
flight rules or instrument flight rules (IFR) airplanes to reduce
separation to less than that required during IFR operation,
thereby increasing the chance for a wake turbulence encounter
when operating behind a turbojet airplane. (Class 1I, Priority
Action) (A-94-50)




Expand the current guidance in the Airman’s Information Manual
and develop other training material to help pilots to determine
that their flight path remains above the flight path of the leading
airplane and that their separation distance remains consistent
with that required for instrument flight rules operations.
(Class 11, Priority Action) (A-94-51)

Expand the information in the Airman’s Information Manual and
other training material to define the vertical movement of wake
vortices in ground effect, such as vortex core height, upper and
lower limits of the vortex flow field, and the potential to “bounce”
twice as high as the steady state height. (Class II, Priority
Action) (A-94-52)

Require 14 CFR 121 and 14 CFR 135 operators to provide
training specifically related to the movement and avoidance of
wake vortices and techniques to determine relative flight paths
and separation distances. (Class 11, Priority Action) (A-94-63)

Revise the practical test standards for commercial, air transport
pilot, and additional type ratings to place emphasis on wake
turbulence avoidance. (Class II, Priority Action) (A-94-54)

Conduct additional tests of the Boeing 767 to determine the
persistence and strength of its wake vortex and the effects of
atmospheric conditions on B-7567 vortices. (Class II, Priority
Action) (A-94-56)

Require manufacturers of turbojet, transport category airplanes
to determine, by flight test or other suitable means, the
characteristics of the alrplanes’ wake vortices during certification.
(Class III, Longer Term Action) (A-94-56)

Require reporting of wake vortex encounters and establish a
system to collect and analyze pertinent information, such as
recorded radar data, atmospheric data, and operational
information, including selected flight data recorder data.
(Class 111, Longer Term Action) (A-94-67)

Continue to sponsor research and development projects that may
lead to technological or procedural solutions to reduce the hazards
posed by wake vortices. (Class 111, Longer Term Action)(A-94-68)




Determine if the Traffic Collision and Avoidance System (TCAS)
is appropriate for providing pilots with the asparation distance to
the preceding airplane during visual approaches to landing. If
appropriate, develop procedures to allow the use of TCAS for that
purpose. (Class II, Priority Action) (A-94-59)

Encourage operators of smnaller general aviation and corporate
airplanes to install and use the Traffic Collision and Avoidance
System (TCAS), if procedures to allow the use of TCAS to confirm
separation distances during visual approaches are developed.
(Class 11, Priority Action) (A-94-60)




By the National Transportation Safety Board

Carl W. Vogt John K, Lauber
Chairman Member

Susan M. Coughlin - John A. Hammerschmidt
Vice Chairman Member

James E, Hall
Member

Adopted: February 15, 1994







Appendix A

Accidents and Incidents From 1983 To 1993
That Resulted From Probable Encounters
With Wake Vortices




Table 4—Accidents and incidents investigated by the National
Transportation Safety Board from 1883 to 1993 that resulted
from probable encounters with wake vortic s

Location

Leading
aircraft

Trailing atreraft

Phase of
operation

02/28/85
03/13/85
06/11/85
07/10/85
12/19/85

01/27/86
03/31/86

05/17/86
10/29/86

10/31/86

11/06/88

Tucson, AZ
Boston, MA

Los Angeles, CA
Riverton, WY
Middle Town, PA
Grenada, MS

Norfolk, VA
Miles City, FL

West Palm Beach,
FL

DFW Alrport, TX
Belmar, NJ
Rochester, MN
Tueson, AZ

Reno, NV
Boise, ID

Van Nuys, CA
England AFB, LA

Ft. Pierce, FL

Tampa, FL

B-727
Airbus A-300

L-1011
Convair 580
3-30 aircraft

UH-1
helicopter

B-721
Helicopter*

Heavy jet*

B-747
Helicopter*
DC-9
EC-130

B-737

Transport
aireraft®

C-130

Four jet
fighters*

usca
helicopter*

L-1011

Beech H-35
Cessna 402C

DC-9

Piper PA-12-115
Cessna 50M
Cessna 172G

Cessna 172M
Piper J3C-65
Piper PA-32R

Beech A-36
Cessna 152
Cessna 152
Cessna 150L

Cessna TR182RG
Cessna T210C

Aerospatiale TE20
Cessna 182)

Piper PA-28-181

Cessna 421C

Approach
Cruise




Table 4—Accidents and incidents investigated by the National
Transportation Safety Board from 1883 to 1993 that resulted
from probable encounters with wake vortices (continued)

Location

Leading

aireraft

Tredling aircraft

Phase of
operation |

Miami, FL
Raleigh, NC
Monterey, CA
Anchorage, AK

Colorado Springs,
Co

Bl Toro, CA
Nashville, TN
Gainesville, FL
Van Nuys, CA
Grand Rapids, MI

Phoenix, AZ
Columbus, OH

Port Huron, MI
Santa Ana, CA
Santa Paula, CA
Portland, OR

Palm Springs, CA

Westfield, MA

Anchorage, AK
Rialto, CA

B-737
B-727
BAE-146
B-7217

C-141

C-130
B-727
Navy P-3
King Air
B-727

B-737
B-737

Junker JU-52
B-7317
UNK

Large
airplans*

B-727

UNK

B-757

Bell Helicopter

412

Piper PA-34-200
Cessna 172M
Beech 95
Cessna 402B

Rotorway Bxecutive

Cessna 152
Cessna 210D
Cestna 152

Piper PA-28R-201T
Cessna 16211

Piper PA-32RT-300T
Grumman American

AA-5

Cessna 150
Cessna 180
Cessna 1562
Piper PA-32-2680

Piper PA-28R1-204T

Walter Hudson
Mustang 2

Cessna 195
Cessna 15211

Landing
Descent
Descent
Approach

Taxi




Table 4—Accidents and incidents investigated by the National
Transportation Safety Board from 1983 to 1993 that resulted
from probable enccunters with wake vortices (continued)

Leading ‘ Phase of
Date Location alrcraft Trafling aircraft operation

01/21/91 Sacramento, CA MD-80 Cessna 172P Cruise
02/0491 Greensboro, NC DC.9 Piper PA-28-180 Landing
3/11/91  Santa Ana, CA B-157 Cessna 152 Landing
03/1691 Pullman, WA Swearingen Cessna 140 Approach

09/07/91 Marion, OH Larger 8-7 Courler Takeoff
airplane*

09/1391 Presooit, AZ Beech 1800 Cessna 172N Takeoff

11/20/91  Chicago, IL Like aircraft®  Aerospatiale Descent
ATR42-300

10/27/92 Saipan, PO DC-10 Cessna 310R Takeoff

. Th:e make and model of the aircraft were not identified in the Safety Board's brief of the
accident.




Appendix B

Summary of Safety Board Recommendations
Addressing Wake Vortex Issues

Safety Recommendation No.:
Date Issued:

Recipient:

Status:

Subject:

A-72-076

June 30, 1972

Federal Aviation Administration
Closed—No Longer Applicable

Reevaluate wake turbulence separation criteria for aircraft
operating behind heavy jet aircraft.

Safety Recommendation No.:
Date Issued:

Recipient:

Status:

Suhject:

A-72-077

June 30, 1972

Federal Aviation Administration
Closed—Acceptable Action

Issue alert notices to all pilote and aircraft operators that will
stress the urgent need to maintain an adequate separation from

heavy jet aircraft.

Safety Recommendation No.:
Date Issued:

Recipient:

Status:

Subject:

A-72-213

December 20, 1972

Federal Aviation Administration
Closed—Acceptable Action

Revise appropriate publications to assure that they describe more
specifically the desirable avoidance techniques (e.g., following
ajrcraft maintain approach path above VASI or IL8 glide slope,

extending downwind leg, ete.).




Safety Recommendation No.: A-72-214

Date Issued: December 20, 1972

Recipient: Federal Aviation Administration
Status; Closed-—Acceptable Action

Subject:

Define and publish the meteorological parameters which cause
trailing vortices to persist in the vicinity of the landing runway.

Safety Recommondation No.: A-72-216

Date Issued: December 20, 1972

Reciptent: Federal Aviation Administration
Status: Closed—Unacceptable Action

Subject:

Include wake turbulence warnings on the ATIS broadcasts
whenever the meteorological conditions identified in
Recommendation A-72-214 indicate that vortices will pose an
unusual hazard to other aircraft.

Safety Recommendation No.: A-§8-140

Date Issued: November 3, 1988

Recipient: Federal Aviation Administration
Status: Closed—Acceptable Action

Subject:

Initiate a research project to acquire data from dedicated sensors
to determine what consideration, if any, should be given to wake
vortices in a parallel offect runway situation.




Safety Recommendation No.: A-90-078

Date Issued: June 4, 1990

Reclpient: Federal Aviation Administration
Status: Closed—Unacceptable Action

Subject:

Amend the Air Traffic Control Handbook, 7110.85F,
paragraph 3-10861, to require alr traffic controllers to impose a
3-minute delay on the pilots of “small® category airplanes who
intend to depart in the same direction from the same runway
behind a “large” category airplane that is on takeoff or a low or

missed approach, to separate the small airplane from wake
turbulence.

Safety Recommendation No.: A-90-077

Date Issued: June 4, 1990

Recipient: Federal Aviation Administration
Status: Closed—Unacceptable Action

Subject:

Amend the Airman’s Information Manual, paragraph 646, and

‘Advisory Circular 90-23D to inform pilots of *small® category
aircraft that under certain circumstances involving takeoffbehind
*large” category aircraft, they can expect that a 3-minute delay
will be imposed by air traffic controllers in order to allow for the
dissipation of the wake turbulence.




Appendix C

Altitude Profile of B-757 and Cessna Citation 550
at Billings, Montana, on December 18, 1992
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Appendix D

Ground Track of B-757 and B-78%
at Denver, Colorado, on Apxil 24, 1993




B-737 Following a B-T7S7




B-737 Following a B-737
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Appendix E

FAA General Notice Issued on
December 38, 1993, and Pilot Bulletin
Regarding Wake Turbulence Advisorles




THEGRAPHIC MESSAGE
At &F ADBHCY

FEDERAL AVIATION ADHINISTRATION ator1
800 INODEPENDENCE AVE, SV aron PRIORITY
VASHINGTON, D¢ 20391 o

MCDASTIG CAISIRCATON ' AN FEAtD

208 MRORMATION CALL

[y — 1

TIDS S24CE FOR USE OF CONNTAGCATION LT

MESIAGR 7O 56 TRANSANTED MU desbly gusag sad ol sspiral bttm)

KRWA NOU 82

GENOT RWA SVC B

NOTICE N7110.

GG ALRGNS 1/500 ALATFO AMA/1 ACT/1

SUBJECT: ORDER 7110.65H, AIR TRAFFIC CONTROL,
PARAGRAPES 2-20, VAXE TURBULENCE CAUTIONARY ADVISORIES)
3-122, SANE RUNWAY SEPARATION! AND 3-12)3,

INTERSECTING RUNWAY SEPARATION, THIS GENOT
APPLIES TO ALL AIR TRAFFIC CONTROL FACILITIES
AND IS A MANDATORY BRIEFING ITEM,

cLy 12/1/94

CONTROLLERS ARE TO BE BRIEFED ON

CHAPTER 7, SECTION 3,

WAKE TURBULENCE OP THE AJRMAN'S

INFORMATION MANUAL.

Mlﬂ;ﬁl 1]
C4A ol 43 O] W3 5000




TELEORAPHIC MESSAGE
and OF ADDY

[ -]
albmiey
b

MCOUNTING QASSICANO ™~

104 PERORMATION CALL

TriE OF BiSSACE

- Do Qe QS

T3 32ACR POR USR OF COMNILINICATION LINIY

BESIAOE 1O 51 TRAMSAITTED (Chr doobly pucieg sud o axpitsl oot}

ENSURE THESE BRIEFINGS ARE ENTERED IN

ALL EMPLOYEES TRAINING AND PROFICIENCY
RECORDS, 3120-1, WITHIN 30 DAYS OF RECEIPT.
SEVERAL IRCIDENTS INVOLVING AIRCRAFT FOLLOWING
CR CROSSING THE FLIGHT PATH OF THE BOEING 757
(B=757) HAVE CREATED CONCERN FOR THE

SAFETY OF AIRCRAFT IN CONNECTION WITH YHE
WAXE TURBULENCE CREATED BY THE B-787.
ACCORDINGLY, TO ENSURE THAT PILOTS ARE AWARE
OF THE POTENTIAL WAXE TURBULENCE HAZARD
CREATED BY THE B-757, CONTROLLERS SHALL PROVIDE
A WAKE TURBULENCE CAUTIONARY ADVISORY

T0 FOLLOWING AIRCRAFT.

AN ALS W
i l'
€44 ak () O HI-3ANM




TELEGRAPHIC MESSACE
DAL OF ABDKY

]
N,
]

ACCOOMTRE) QALSINCADON M "

200 SEFOLAANION CAlE

]

TS e
Osew D D2

mmammwmmmwwﬂ

MELSAGH 1O b TRANINNTED (Liw doodle spasag sud off aspibel britert)

REPLACE ORDER 7110.65, PARAGRAFHS 2-20, 3-122,
ALD 3-123 WITH THE FOLLOWING:
220 WAKE TURBULENCE CAUTIONARY ADVISORIES
A. 1SSUT WAXE TURBULENCE CAUTIONARY
ADVISORIES AND THE POSITION, ALTITUDE IF
KNOWN, AND DIRECTIONS OF FLYGHT OF THE HEAVY
JETS OR B=252's TO!
2-20A REFERENCE. NO CHANGE
1. TERMINAL: VFR AIRCRAFT NOT BEING
RADAR VECTORED BUT ARE BEHIND MEAVY JETS OR B-252's.
(SEE FIGURE 2~20(1)).
2. NO CHANGE.
3. NO CHANGE.




TELEGRAPHIC MESSAGE

Pt OF AODCY B
ACRON
"

ADCSTIG QASIICATON SAN) FRPAMD [ 7

ROOUANON EAL A
= oMt FASE T¥ OF AEbAB] X
Oeod  Owa OB

AME

Y33 $PAC2 FOR ULE OF CONNLATATION LT

BESIAOH 1O B TRANBAITTED (Ui doobic rpasing #ad o8 wphsl botven)

B. NO CHANGE.
3-122 SAME RUNWAY SEPARATION

A. NO CHANGE.

1. THRU 3. NO CHANGE.

B. ISSUE WAKE TURBULEXCE CAUTIONARY ADVISORIES
AND THE POSITION, ALTITUDE IF XNOWN, AND LiRECTION
OF FLIGHT OF THE MEAVY JETS OR B-157'g TO AIRCRAFT
LANDING BEHIND A DEPARTING/ARRIVING HEAVY JET
OR B-=757'¢ ON THE SAME OR PARALLEL RUNWAYS SEPARATED
BY LESS THAN 2,500 FELT.
3=-1228 REFERENCE. NO CHANGE.
3-122B EXAMPLE 1. NO CHANGE.
3~1228 EXAMPLE 2.~

"NUMBER TWO TO LAND, FOLLOWING A BOEING 157
ON 2-NILE FINAL. CAUTION WAXE TURBULENCE."




TELRGRAPHIC MESSAGE
MARS OF SOV

ree==v>n
Acnoss
"o

STt PPN

PO BROAMANON CALL
D) mou 3 sooe Dﬁ!’

RIS £PACE POR USS OF COMNUNICATION UNIT

MELSAGE 10 i TRANSARTID (T doabir gushy sad of iaphal buton)

2+122 REFERENCE. NO CHANGE.
*23 INTERSECTING RUNWAY SEPARATION
.« THRU €. NO CHANGE.
D. ISSUE WAKE TURBULENCE CAUTIONARY ADVISORIZS
AND THE POSITION, ALTITUDE IF XNOWN, AND
DIRECTION OF FLIGHT OF THE HEAVY JETS QR B-251's 70:
1. THRU 2. NO CHANGE.
3-12301 EXAMPLE. NO CHANGE.
3-123D2 EXAMPLE,~
WRUNWAY NINER CLEARED TO LAND. CAUTION
WAKE TURBULENCE, BOEING 757 LAYDING RUNWAY THREE SIX.®
3-12) REFERENCE, NO CHANGE.

Hares, W Boskle

SPECK, ATP-1

ﬂuﬂl.grl 1"
Sbk Pral (o) OU) H1-3000




S

US Depanmers
of Tarsporasion
Federat Avigtion
Administration

All Pilots
Dear Fellow Pilots:
Wiake Turbulence sccidente/incidents following B-757 sircralt.

mmmmmmmmm«mmm Sollowing 3 Boeiag 757 uader
visuat flight rules. These losiude & Cessas Chatica ot Billings, Moataaa, a Bosiag 737 locideot st Denrver
mmmwuwm.mmuwwammmmm
rocent socident, aa [sraeli Westwind cotporate jet at Sazta Azxna, Califtenia. Akhoogh the NTSB Is still
wmmmmuwum«mdmmmmmm
mhumﬁ&%mﬁdmmﬂud&MM?ﬂ.

To reduce the possiility of thees type of occarrences, Alr Traffic will sow tsmo “Wake Turbolence
Cantioaary \dvisaries® 1o sircraft following the B-152 under Visal Flight Reles. 1 am also asking thet yoo
mwmuommmummdeMaum
procedures found {n the Airman's Inforrastion Masoal;

1. WHETHER OR NOT A WARNING HAS BEEN GIVEN, ... THE PILOT 1§ EXYECTED TO ADJUST
H1S OR HER OPERATIONS AND FLIGHT PATM AS NECESSARY TO PAECLUDE SERIOUS WAKR

2. AVOID THE AREA BELOW AND BEMIND THE GENERATING AIRCRAFT, ESPECIALLY AT
LOW ALTITUDE WHERE EVEN A MOMENTARY WAKE ENCOUNTER COULD BE HAZARDOUS.

mmrmnmmammmmmmwmmmm
mmmmmmmmampmummw,

-
LLX] -

mumwmmmamuuammmmmdm
Bocing 757. Tt will be some time before vy definitive results are avaifsblo from this research effors Untll




Ta closing, 1 urge all of you to take the tiroe 16 re-educste yourselves on wake vortex characterisies and
aveidance procedures. With proper emphasis and education, these types of sccidentsAncidesds can be
gvolded

Sincerely,

Qoo

Administrat




8400.10 and 8700.1
4

Joint Publication of Fiight Standards
Information Bulletin (rFaI8) for Adx
m(m tion (FSAT) and ‘

PAAT $3-38 and FSAA 93-15
Wake Turbulence Accident Prevention Prograa
12-29-93

1. PURPOSE. This Flight Standards Information Bulletin (FSIB)
eatablishes ap action program for Flight Standaxrds Service to
mvum: wake Turbulence Acoidents. The bulletin contains

oxmation, direction, &nd guidance to inspactors and menagers
for completing thig program.

2. BACRGROUND. In the past ysar there have been four accidents
that were specifically rxelated to Boeing 757 airaruft. Thease
accidents occurred when the treiling aircraft were mot being
provided IMm trxuffioc ssparstion. JAM is in the p of
studying wake turbulence; bowever, it will be scmeé bafore
tha results will be ktown. To reduce the possibility of these
types of occurrencee, Alr Traffio will now issue * Tuziulence
cnntiomr{ Mvisories! to airorsft following B-757 aivoraft under
visual £light rules. Pilots of trail aireraft st the sama
altirude or up to 1,000 feet below 4 maintain 8 to 6 niles

sepaxation.

A. Pllots and operators should review informmtion, procedires,

and guidance contained ip the Alrman’s Infoxmmtion Manual (AIM) ,

Chapter 7, Sectios 3. T¢ dats uwo kuowm weke turbulence accidant

has ococurxed whan pilote have been obu:vi.n? AIM rocomaended

arocodnm. nu? gee Advisory Cireular (AC) 50-23D, “Adrereft
‘l‘uzbulanca. :

5, Wake turbulence is clearly aot unigue to the B-757. Pllots
mst avoid opexating both and at or below tha level of all
heavier aixoraft.

e e A e vatl vhen GPacering ip the taraisal
e arger a e

area. They should be particularly alert in calm wind oonditicas
and in situations where the wake could drift ocato parallel or

orossing runways.

D. pilota should be alert to tha possibility that heavier
aircratt may be us fuel cooservation or noise abatement

procedures and operating above tha nomal glideslops.




2

3. ACTION. The Adainistrator has directed that Flight Standayds
take immediate actica to educate rators and the public to thip
hagaxd. On or bafore April 7, 1994, the folloving actions will
be asooxplished:

A, POX's, Buch POI of a Part 121, 135, and 138 operator and
Pert 141 trsining school shall bring this bulletis to the
attention of the operator. Tha material should be ted
to flightorews through bulletins or ¢imilar mesns. ¥02/s shall
ensuxe that wake turbulence awareness is inoluded-ia operator

trainivg prograsns.

B. ¥PSDO Managers. FSDO n.uger:s shall egsure that this bulletin
is brought to the attention of Accident Freveantion Progrenm
Managers {(ARPM) and the managers of nomn-c¢extificated txaining
centars operating under exexptions.

C. AP®I‘s, APFM’S shall disseminate this information to the
aviation public.

4. W This roIB wvas daveloped AV8-510. An
questions this bulletin ohwld directed torm-szo
at (703) 661-0333,

5. EXPIRATION. This ¥918 will expire on Jung 30, 195%4.

/8/
Bdgur C. Fell




8400.10 and 8700.1
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Joint Flight Standards Informmtion
Bulletin {FSIR) for Aly Tma:tut:lon
(FAAT) and Geneyal Aviation (FaGA)

DULLETIN NUMARER: FOAT 94-02 and FPSGA 94-02
BULLETIN TITLE: Yake Turtulence mident Prevention Program
SPPRECTIVE DATH: 03-10-94 .

T R AR T T T N Y [EEF T R E YT F R T R AR R R N NN "o eorseaddPasshansssanmevredtacen

i. DPURPOSE. Thip FGIB establishes an action progzram for Flight
Standards Service to prevent wake turbulence accidents. This FSIB
rovides information, direstion, and guidance to be used by
gnspocton and managere for oa:glot:ing this program. This 18Y8
supexrsedeg YSAT 93-38 and PSGA 93-18 of the sama title.

2. BACKGROMMD®. There have been four accidents or inojidents
related to Boeing 757 wake turdulencs. All of thesa evenls
occurred when the trail aircruft was not being provided
inptrument flight xules (XFR) traffic separation. To reduce the
possibility of such occurrences, Alr Truffic Control will now issue
"Hake Turbulence Cautionary MvI-or:ln' to siroraft operating under
vigual fli{ght rules (VFR) which are following

B-767 aixcxaft. The FAA is fmenur studying wake turbulence to
include pilot awureness, avoidance, and aircrafe-specific
procedures for a wake turbulencs sacounter.

A. Pilots and gperators should review information, procedures, and
guidance coutained in Chapter 7, Section 3 of the Adrman’s
Information Manusl (AIN). We are not avaxe ¢of anry wake turbulencs
sccidents g Wvhen pilots have obsexved AIM rocommended
proceduxes or utiliszed IPR traffic separation. Therufore, pilots
gay wish to apply the same tion v0 VIR operations as AIC
appliee to IFR traffic. Thie liformetion is contaiced in

7-49 of the AIM. (Almo mee AC 90-23D, *Aircratt wake Turbulence®).

B. Wake turbulemcs iy not unique to the B-757. Al ots should
exercise caution when ¢perating behind and/or balow heavier (or
greatar wing span) aircraft.

C. Pllots should attept to visuslisze the location of the vortex
wpke generated by other alrcraft when opers in the texminal
area. They should be perticulazly alext for situations whexe tie
wake could remain over a rummy or drift onto paruilel/crossing
runvays.,

D:. We ars not aware of Any operator with *formal® procedures for




ateep approach profiles, but pﬁou should be alext to the

tﬁumtim of & heavier airvoraft operating above the nomal

5. ATION, The Administrator has directed that Flight Standaxds
takn {mnediate action to ensure that oparators and the publid ave
educated od this hazard. Tho following actions will be
ssomplished on or hefore Aprcil 7, 1994:

A. Prinoipal Operations Inspectors (POX). Xach POY for a Fredesul
Aviation Regulations (FAR) Paxt 121, 125 or 135 opsrator, and each
yesponsible inspector for a VAR Part 141 training school shall
bﬂ,‘ﬂf this FE1B to the attemtion of the operator. The material

8 d be disseminated to flightcrews through bulletins or similar
maeans. POI's shall ensure that wake turbulence awareness 19
inaluded in opurutor training programs.

B. Flight Standards District Office (¥8D0O) Managers. FEDO

rs shall ensuxe that chig PSIB ie brought to the attention of
Accldent, Prevention Program Managers (APPN) and the mim of
aon-oertificated training centers operating undexr exsmptlons

C. APPM’S. APPN’s shall dissemipate this information to the
aviation public,

4. - This FPSIB was developed by AFS-510. Any questions
Fegume this POIB should be directed to APS-510 at ('It)g‘)l

5. EXPYRATION. This FEIB will expire on Juna 30, 1994.

/8/
Bdgar C. Fell
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AB #93-20
DECEMBER 12, 1993

SUBJECT: WAKE TURBULENCE

BACKGROUND

Last yeas, seven people were killed when 8 Cessaa Citation crashed into 42
industrial section east of Billings, Montsna afier encouniering wake turbulence from &
Boelag 787.

_Earlier thls yeat, s Boting 737 following s Boclag 757 Into Deaver apparently
was turned oa s side after encountering toe wake of the larger jet. The alrcrafi landed

safely.

Last week, & IA1 Westwind crashed approximately two miles out from the
Ssots Ana Alrport, killing all five aboatd. 1t wis oa approach behind a Boeing 757.
THEISSUVE

A3$ 8 party 1o he investigation of the Westwind accident, NBAA {s peobibited
from speculation as 0 the specific causal factors favolved. However, the National
Aerotautics and Space Administration (NASA), the Volpe National Transporation
System Center (VNTSC), the British Civil Aviation Authotity (CAA) and the Federal
Amnonawﬂmmou)mmmmmﬂyumyw

Jummhlom proe 1o wake turbulence. The
monlnduw)hm ia € joint program with the aforementiooed sgeocies to

hmwmwotwﬁemhhﬂuudmmﬂofwmm
bazards foe all aircraft types.

MEMBERSHIP ACTION
The Alrman s Informatiun Mamuol (ALM) covers wake turbuleace operational
in a clear and concise manner. A thorough review by all crew membets of
Chagter 7, Section 3 is stroogly recommended. This contains information necessary 0
alert pliots fo the hazard, as well 43 proper vortex svoldance peocedures. Sections of
the ALM are atisched for yous convenieote, Please review them thocoughly.

Fot more Moa.plmea!l?nd}l.mm,NBM managet, air traffic
senices, a1 (202) 783 9235.

(REMEMBER THE NBAA BULLETIN BOARD (202) 331.7968)
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Section 3. WAKE TURBULENCE

7-41. GENERAL

8. Every sircrafy generates s wake while a flight.
Initially, when pilots encountered this wake In
flight, the disturbasce was attributed 10 ‘‘prop
wish ' h is knows, bowerds, that this disturbance
fs caused by a pelr of counter rotating vortices
trailing from the tips. The from
larger sircrah pose ms 1 eacounteriag alrerafi.
For lostance, the wake of tbese slreraft can impose
rolling moments exceeding ibe roll-cootrol autbority
of e escounterisg alrcrafi Further, turbulesce
geoersted within B¢ vortices can damage slrcraft
components and equipment H encoustered ot close
range. The pilot must fesrn 10 envision the location
of the vornex wake geatrated by lazger (taasport
ql::t:;ory) pizeraft and gdjust the flight path sccord-

8y

b. During ground operstions and during takeoff,
jei engine dlast (thrust stream turbulence) can csuse
damage snd upsels if encountired at close range.
Exbaust velocity versus distance studies at various
thrust levels have shown & peed for light aircnafh
to maintain an adequate separation hekind large
turbojet aircraft. Pilots of ¢r aircraft shovld
be panticularly careful to consider the effects of
their “‘Jet blast’ on other afrerafs, vehicles, and
miintenance equipmeat during ground opentions.

9-42. VORTEX GENERATION

Lif §s generaied by the ereation of a pressure
diffesential over the wing surface, The lowst pressure

occurs over the uppet \vinRumcc 0d the highest

pressute under the wing. This pressure differeatlal
triggers whe roll wp of the dirfiew sfi of the
wing resuhirg In switling alr misses tnailiag down-
sueam of the wing tips. After e toll up s
completed, the wike consists of two counter totating

Pars 7-41.

lisdrical wvectices. (Se¢ Figure 7-42{1)) Most
gm_eumthilhhntwtmo(um ceater
of esch vorten, but pilots should avold a reglon
within sbout 100 feet of the vortex core.
7-43. YORTEX STRENGTH
8. Toe streaglh of e vortex is governed by
the weight, speed, and shape of wisg of
geotrating alrcraft The vortex chanctenstics
:L‘g?l ahmwh?o M‘deedvkw
aps ot other ¢
will as by change in speed. However, as
basic factor Is weight, (e vortex strength
ncreases lely. Pead. vortex tangentisl
speeds exceeding 300 feet per second have been
recorded. The greatesi vortex strength occurs when
e genersting sircraft is HEAVY, CLEAN, and
SLOW.
b. INDUCEDROLL
Figure 3-43{1)

1. In rase instances & wake encounter cduld
csuse [n-flighi structoral damage of cslastrophic
put:gottiou. However, the usual hazard Is associated
with laduced rolling moments which caa exceed
the roll-control suthority of the encountering alrerad.
In Bight experiments, sircraft have beea inteaticaally
flows direcily up tralling vortex cores of lasger
sircraft. Tt was shown that the capability of an
slreralt to counteract the roll imposed by the wake
vortex primusily depends on the wingspan and
counter-control tesponstveness of the encountering
Mrergh.

3. Counter controt it ustally eflfective and
induced roll minimal [n cases where the wingspan
and ailerons of the e¢ocountering alrcnaft exiend
beyond the rotstional flow field of O vorier.
Iv Is moce diffice': for alreraft with short wingspan
(relative 10 the generating alrcrafi) Lo coudter the
imposed roll hsuced by vortex flow. Pilots of

1-3-1




ADM—Wake Turbulesce

short span slrerafy, ¢ven of the high performance
type, Bt be alent %0 vortex eacousters.
(See Figurt 7-431))

3. The wake of larger slrenfy requizes the
tespect of all pilots.

7-44. VORTEX BEHAVIOR

& Tniling vortices bave cerialn  bebaviond
chanacieristics which caa Melp & pilol visualize
tbe wake jocation snd thereby take svoidance pre-
cautions.

1. Vostices are genersted from the moment
pireraft Jeave the ground, since talling vortices
are & by-product of vin* lif Prior 0 Lakeoff
ot louchdowp pilots should note the rotation of
touchdown point of the preceding afscraft. (See
Figure 7-44[1){Wake Begint/Ends).)

3. The vortex cuculation is outward,
and around the wing tips when viewed from eibes
ahead of behind the . alrorafi. Tests with large
plzcraft have shown that the vortioes remaln spaced
s bit bess than a wingspan apanl, drifing with
the wind, al altitodes greater han & wingspan
from the grovad. In view of this, if persistent
voriex turbuleace {3 encountered, 8 slight chasge
of altitude and lateral position (peeferably upwind)
will provide a flight path clear of the turbulence.

3, Flight tesis bave shown .that 1be vortices
from larger (ransport category) alrenaft slok al
a nate of several hundered feet per tainute, slowing
theis descent and dimliaishing in steength with time
and  distance behind the  generating  alrenfi.
Atnospheric turbulence  bastens breakup.  Pilots
should n{ al or sdove (he preceding slrenafi’s

fNight path,altering course a3 pecessary fo avold
the area behind and below the genensting alrendt.

131

ey

ortex Flow Ficld)) However

Figure 7-44[2
\ 1,000 feet may be considered

v(se‘:u sepantion
safe.

Figers -44]3)

ood B

Yortex Movement Neal Ground - No Wind

4. Whea the vortices of afrcraft sink
close to the groved (withia 100 10 200 feer),
they tend 80 move laterally over ihe at
) rd of 2 o 3 knots. (Se¢ Figure 7-44[3)[Vortex
Sink Rete})

Figurs 2-44{4]

b A crosswind will decrease the lateral movement
of the upwind vortex and increase ibe movemert
of 1he dowawind vortex. Thos a light wisd wi
8 cross ruaway compooént of 1.10 3 knots could
sesult {n the vpwind .
down zoot for & pe
deify of he Sownwind vortex loward apother runway.
Se rxm 7-44[4)[Vortex Movemeat fa Ground

ect (No Wind))) Similarly, s uilwind coodition
cas move the .vortices of the preceding dircrafy
forward into the touchdown zooe. LIOHT
QUARTERING TAILWIND REQUIRES MAXI-
MUM CAUTION. Pifots sbould be slert 1o large
slreraft wpwind from thelr and . ukeoff
flight paths. (See Figure 7-44{S}{Vortex Movement
fa Ground Effect (Wind)}.)

.9-48. OPERATIONS PROBLEM AREAS

8. A wike encounter caa be catastrophic. lo
1972 a1 Fort -Worth-5:DC-9 gol 100 choit W
s DC-10 (two miles back), rolled, caught a wingtip,
snd cartwheeled coming 0 .rest da an fnvented

tion oa the ruaway, All sboard were killed.

rious 308 even fatal OA secideats induced by
wike vorticts are pol uncommon. -However, o

Pars 748,
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wike encounter is not secessarly hazardous. h
c1a be one ot more jolis with varying severity
depending upon e direction of the escountes,
weight of the generating aircrafy, size of the encounter-
Ing alrcrafi, distance from the generating abrerafy,
and polnt of vortex encounter. The prodability
of induced toll Increases when the encoustering
aircraft’s beading Is gecenlly aligned with the
flight path of the generating alrcraft.

b. AVOID THE AREA BELOW AND BEHIND
TH". GENERATING AIRCRAFT, ESPEQALLY
AT LOW ALTITZUDE WHERE EVEN A
MOMENTARY WAKE ENCOUNTER COULD BE
HAZARDOUS. This is ool essy lo do.. Some
socidents bave oocurred even though the pilot of
the trafling afreraft had carefully poted that the
alreraft In front was at & coasideradbly Jower altitude.
Usafortunattly, this does not ensure that the flight
path of the lead afrerafi will be below hat- of
the trailing sircrafs. .

¢. Pilots shovld be particulasly alert ia calm
wind conditions and situstions where the vortices
ould: e

1. Remaininthe touchdownares. . -

2. Drifi from aitcraft operating on & peardy
m'“y‘ ‘.:.a‘ - -;‘. .::.-. \:2-

3. Sink into the takeoff or landing patd from
actosting runwiy, T Y. wetens

4. Sisk finto the tnffic patiers from ' othei
aportopenstions. . S IR LT

8. Sink into the flight path of VFR alrenafy
operating on the bemlispderic altitude . 500 feer
hw. . [ T,

O TV isledt

d. Pilots of all alreraft should visualize the Jocation
of the vortex trail behind larger alrcraft and use
peoper wixiex avoidance procedutes 10 achieve safe
optration. It 5 equally Important that of

larger aireraft plan o adjust 1delr . flight« paths
to minimize voriex exposure 10 otber sircraft, & - °

Pars 7-48.
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ATIONS AND FLIGHT PATH AS NECESSARY
TO PRECLUDE SERIOUS WAKE ENOOUNTERS.

b The voriex avoldance procedures
Aare recommended fot the various situstions:

1. Landiag behind o larger alrcrsh—gamt run-
my;:::y 8 or shove tbchhrgu alrcrsfi’s fina)
s th—n0te s touchdown —
s P st p

y 3 hndiatbehhd 8 largts airerafi—whea par-
allel runws closer than 2,500 feer: |
possible 0 your runway. Stay st or above
the larger slrcraft’s .final spprosch Bight ped—
pote fts souchdown polat. - :

: ) 4 a larger -
m!;mrw sbove the larger alreraft’s flight
. t"MQbehhdldem' larger alrennfi—
same runway; ‘Note the luger sirenft’s rotation
polai—1land well prioe o rotation point.

$. Landing behind o de lazger alrennfi—
crossisg ruswey: Note the larger tlr.;?h's rotation
polnt~if past -the (intersection—continue the
tm@—w price 10 the intersectivn. If larger
) nmmmummsma hi
below the lerger alreraft’s Night path.
the spproach -wnless s landing . fs easured well
before resching the intersecticn. .-~ - -
L “behiad a-larger afronaft: Note the

g slrcraft’s rolation point—rotate peior to larger

'y s 1path! . . c3¢at.
bis; wake. Avold sobsequent -beadings which will
cross below a5d behiad o lafpger alreaf. Be alent
for aay criical takeoff situstion which ecould bead
avortexencouster.r. .. .. .. 2. T

(1779, Infersection takeolfs—gesme ruaway: Be alent

to” sdjsceni lirger Mﬂ»mlom. perticular
vind ‘of your rusway. I intersection ntooz
clearsnce Is -received, avold ol besding
which will crogs below ¢ larger o 's palh.
& Departing or landing ‘sfer 8 larger aircrafh
exeovting & low appeoach, missed apt;md: o

-39
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touch-snd-go landing: Because vortices settle . and
move latenlly peas the ground, tbe vortex bazard
myy exist the runwasy end ia your flight
patd after 3 larger aircralt has executed a low
approach, tksl::h:pproach of s mm-go hnd‘i[ng.
perticulsr fa light quarteriag itions. You
should ensure that an iaterval of at lesst 2 minutes
bas elapsed before your takeoff of landing.

9. En route VFR (thousand-foot shtitude plus
500 feer): Avoid flight below and behiod a large
sirerafi’s path. M 2 lasger sirenft is observed
sbove on e same track (meeting o« overuking)

sdjust your position latenlly, prefersbly upwind.
7-47. HELICOPTERS

Is & slow bover taxi or stationary bover mear
the surface, belicopter main rotoe(s) generate
dowawash produciag high velocity outwash vortices
10 & distance approximaiely three times the diameter
of the rolor. Whea rotor downwash Bits the surface,
the resulting outwash vortices have behavioral
characteristics similaz to wiog Lip vortices produced
by fixed wing afrcraft. Howeves, the vortex circulation
is outward, upward, around, and sway fro; be
miin rotor(s) In all directions. Pilots of small
aircrafi should avoid openating within three rotoe
diameters of any belicopter in & slow hover taxi
or stationary bover. In forward flight, departing
ot landing belicopters produce & palr of strong,
high-speed uniling vortices similat to wisg Up

vortices of larger fixed wing alrcraft. Pikots of

small aircrafi should use caution when openating
behind of crossing behind landing and departing
belicopters.

7-48. PILOT RESPONSIBILITY

8. Government and industry groups sre eaking
concerted efforis to minimize of elimiaste the hazards
of trailing vortices. However, the Night disciplines
pecessary 10 ensute voriex avoidazce during VFR
optrations must be exercised by the pilot. Yortex
visualization and avoidance proiedures should be
exercised by the pilot using the same degree of
concern as ia collision avoidance. .

b. Wake tusbulence may be encountered by alrcraft
In Night ss well as when operating on Lhe sirpont
movemest area. (Reference—PilovController Glos-
sary, Wake Turbulence). . :

¢ Pilots are reminded 1hat in operstions conducted
bedind all afrcrafi, scceptance -of lastructions -from
ATC in the following situations i sn scknowledgmenl
that the pilot will ensute safe takeofl and landing
{atervals and accepls the responsidility of providing
his own wake turbulence separation, 4

1. Tnffic information,

2. Instruttions to follow an airceaft, and

34

w169

3. The scceplance of 8 visual approach clearance.

d. For operstions coaducted bedind beavy alrcralt,
ATC will specify the word ““beavy'’ whea this
information §3 known. Pilots of heavy sircraft should
always use the word “‘heavy’’ ia ndio commonlics-
G |
7-49. AI't TRAFFIC WAKE TURBULENCE

SEPARATIONS - .

8. Bicsuse of the possidie effects of wake turbo-
lerce, cootrollers are required o apply 80 less
than specified minimum separation for aircrafi operet-
ing behind 2 beavy jet and, io cerualn Instances,
behind large moabeavy aircraft.

1. Separstion {s applied to slrenaft operating
direcdy behind & heavy jet ot the same ahitude
or less thaa 1,000 feet below:

(a) Heavy §et behind beavy jet—4 miles.
(b) Smalllarge aircraft behind heavy jei—
S miles. . .

2. Also, separation, measured 8t the time the
eceding airceaft fs over the landing thresbold,
provided 1o small airenaft:

- (0) Small aircraft fanding behind beavy fet—

6 miles. N o S

(b) Small slreraft landing behind large alr,
crafi—4 miles. - T Ree s
mt-gdt NOTE=Sc¢ PeiCosoller Olowsary, Abremh
- 3. Additiosally, appropriate time or distance
{atecvals are provided to departing sircraft:

(») Two minutes or the sppropeiate 4 of
$ mile radat separation when takeoff behind 2
beavy jet will be: . .

—{rom Lhe sar¢ threshold

—on § ctossing ruaway and projected fiight
paths will cross

—from the threshold of a parsilel runway
whea staggered ahead of that of the adjacent ruaway
by less than SO0 feel and whep the runways

ate separsted by less thas 2,500 feer. o

14&? Ngﬂ‘/—?ieu. sher  coasidering - possible
wake- hobuleact effects, may specifically request walver of @
3-miavie Inserval By stating, “reqoent wilver of J-lsw'e inter-
v’ o a simdsr statement. Coatro'ieri may scknowiedge dis

Y ’
e L T b S

b. A" 3-minste fnterval will be provided when

. 8 saaall afrerafi wil! takeoff: - .

~ §; From sa {ntersection oa the same ruaway

(same o opposite - direction). behind, 4 deparnting
large aircrafe

2.'1n e ite direction ca the same nisway

behisd » lasge alrerafs takeoff of low/missed 'moach.
1491 NOTE—This S-mainwtz initrva] may be ¢ npon

specific pidot request.
Pars 149,
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& A 3-minute interval will de peovided for all
sireraft taking off when the operations are as
described in W(1) and (2) above, the preceding
tircraft 1s o beavy jet, aiid the opertions are
0a tither the same ruoway or panaliel ruaweys
separated by less than 2,505 feel. Controllers may
8K teduce of waive this interval.

d. Pilots may request additional separation i.e.,
2 minvies Instead of 4 or § miles for wake
turbulence avoldance. This request should be made
85 soon 83 practical on ground conlrol and at
least before Laxiing oa1o the runwiy.

AIM—Weks Turbalence

7494 NOTE—FAR 91.3() states: *The

Is commasd
o airenah bs vy

hmmhuhuwm
separation and oeed
for an sbrenafi

eavy alrenafl i€ there
Aﬁved separation will
shi stants takeoff

s 90 e openntios of
¢. Cootroliess may
ool withbold s Gakeoff

depanting behind o
{s reasonsble assurance

exist when the departing
roll.
7-80 thru 7-60. RESERVED




Appendix F

Ground Track of Cessna 182 and B-757
at Salt Lake City, Utah, on November 10, 1993
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Appendix G

Ground Track and Altitude Profile of Westwind
and B-767 at John Wayne Airport,
Santa Ana, California, on December 15, 1993
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Appendix H

Aviation Safety Reporting System Reports
of Wake Vortex Encounters

Nahonal Aeronautics ang
Space Admnrstraton

Ames Research Center
Moffett Field. CA 94035-%000

MEMORANOUM FOR: Recipients of Aviation Selety Reporting System Dela

SUBJECT: Data Derived krom ASRS Reports

The attached material is fumished pursuant 10 a request for data from the NASA Aviation Safety
Reporting System (ASRS). Recipients of this malerial are reminded of the following points which

must be considered when evaluating thess dala.

ASRS repors are submitted voluntarly. The existence In the ASRS database of reporls
concerning a specific topic cannot, therefore, be used 1o infer the pravalence of that problem
within the national aviation sysiem.

Reports submitied 10 ASRS may be ampified by further contact with the individual who submiited
them, but the information provided by the reporer is not investigated further. Such information
Mmay of may not be cortect in any or all respects. Al best, R represents the perception of a speclic
individuel who may or may not understand all of the factors involved in a given issue of event.

Afer prelicninary processing, all ASRS reports are deidentified. Thete is no way o identily the
individual who submitted a report. All ASRS records systems are designed (o prevent any
possidility of identifying Individuals submitting, or other names, in ASRS reports. There is,
therelore, no way to verdly information submitied in an ASRS report afior i has been deid entified.

The National Asronautics and Space Administration and s ASRS contracior, Battele Memorial
Instute, specifically disciaim any responsibiity for any interpretation which may be made by cthers
of any material or date fumished by NASA in response to queries of the ASRS database and
related materials.

m Reynard, D
Aviaton Safely




CAVEAT REGARDING STATISTICAL
USE OF ASRS INFORMATION

Certain caveats apply 1o the use of ASRS statistical data. All ASRS reports are
voluntarily submitied, and thus cannot be considered a measured random sample of
the full population of ke events. For example, we receive several thousand altitude
deviation reports each ysar. This number may comprise over hatl of all the alftitude
deviations which occur, or it may be just a small fraction of total occurrences. We have

no vsay of knowing which.

Moreover, not all pilots, controllers, air carriers, of other participants in the aviation
system, are equally aware of the ASRS or equally willing to report lo us. Thus, the
data refiect reporting blases. Thase blases, which are not fully known or measurable,
distort ASRS statistics. A safety problem such as near midail collisions (NMACs) may
appear {o be more highly concentrated In area "A” than area *B" simply because the
alrmen who operate in area A" are more supportive of the ASRS program and more
inclined 10 repoit 10 us should an NMAC occur.

Only one thing can be known for sure from ASRS statistics-they represent the lower
measure of the true number of such avents which are occurring. For example, if
ASRS recelves 300 teports of track deviations in 1893 (this number Is purely
hypothetical), then it can be known with certainty that al least 300 such evenls have

occurred in 1893.

Because of these stalistical limtations, we believe that the real power of ASRS lies in
the report narratives. Hoere pilots, conteoliers, and others, tell us about aviation safety
incidents and situations in detail. They explain what happened, and mose importantly,
why it happened. Using report narratives effectively requires an extra measure of
study, the knowledge derived Is well worth the added effont.




Your printout from the ASRS inchudes information on the following categories. Please note-each enby in
acalego:ybupanudbyauaioobn(o.g,.MSMnhmiﬁd«Imeooodedu'SMSMA;'
in the Aircraft Type category.

Accession Numbet - 8 unique, sequential numbes assigned 10 each report.

Date of Ocoumence - the date of the occurrence/siiuation in the form of & yesr and a month; ¢.g.,
$304 repeesents Aprit 1993,

Begorted by - role of the person who reported the oocurrence/situation. Codes used are: FLC-fight
crew; PLT—pilot; CRM-ctew member; CTLR-Al Traffic Controler; PAX-passenger; OBS—cbserver, AFC
(ot AJR)-Alr Force; NVY-Navy; UNK-unigown.

W-Wﬂam’omdmmdmm.Mmﬁ
are:

Ac PIC - P in command as determined by official designadion, prior consensus, o
actually controling the aircraft
CAPT Captain role in a multi-person fight crew
FO Fust Olficer’Copiiot role in & mukti-person flight coew

s$O - Second Officer/Fight Engineer role in a muki-person flight crew
OTH - Additional crew membet {e.9., navigator) in & muli-person flight crew
CKP . MM(MMMWW.MWM}
ISTR - wammwmummmummdm
occurrence/stuation

PLY - Piol in a single-person crew
YRNEE -  Fight crew member in training.

TWR LC - Local controlied COORD . Coordinalof postion
GC »  Ground controlier D . Clsarance delivery
FO - Fight data position SUPVR . Supetvisor
OTH - Other TRNEE . Trainee

TRACON AC - Approach controler COORD . Coordinator postion
DC »  Departure controller SUPVR . Supesvisur
RHO - Radar hand-off position OTH . Other
FD - Fight data position TRNEE . Trainee

ARTCC M Manual controfier COORD - Coordinalor poskion
R - Radar conlrofler SUPVR . Supervisot
H - Hand-off pcsition OTH . Othet
o/ ~  Assistant or dala man TRNEE . Trainee

Mit PAR «  Precision approach radar OTH . Othet
RSU - Runway supervisory uni

MISC FSS - FRsecvice station speciakst  DISP . Dispatcher
ACi » Al camlet inspeciot CENR . Comparny enroute check
UNI «  Unicom opetator petsonnel
F80O - Fixed base operatc..employee TADV - Towet advisory
CAB - Cabin attendans AMGR . Alrport manager
VD «  Vehicle driver 08s . Observer
PAX - Passenger SUPVRA . Supervisot

. Company ground personnel  OTH . Othet




Elighl Conditions - the weather environment at the time of the ocourrence of situation in lerns of the
corwentional defindion for flight conditions. Codes used are: VMC—visual rneteorological conditinns; IMC-
instrument meteoroiogical conditions, MXD-mixed Right condllions (both VMO and IMC); MVI-margina}

VFR; SVF-special VFR.

+ the standard three-letter (Or letter-number combination) kocation

Beference Faciity 10 (of LOC 1D}
identifier associated with an airport or navigationa! facily as referenced in the FAA Order 7350.52 series
entitied “Location Kentifiers.”

- the standard three-letter (or lefier-numbe: combination) location identiier

Eaciity identiher
associated \with an ATC facility as referenced in the FAA Order 735052 series entilled "Location

identifliess "

Aircralt Type - the aircraft type invoived in the incident diherentiated by arbirary gross takeolf
weight ranges (miidzsy aircrafl type are differentiated by function). Codes used re:

SMA
SMT
LTT
MDT
MLG
LRG
HVT
WwDB
WY
SPN
SPC
FaT
emMs
MLY
MTR

[ ] [ ] [ ] L] [ ] * [ ] ] L] * L ]

Apomaly (Descriptions, Delecior, Resoktion, Consequences) - shorl sumnasy of a standard cha'n
of sub-events within a reported Incident.

Situation Bepod Swubjects - description{s) of a static hazard which creates a safety problem.

small aircraft (less than 5000 bs)

smal transport (5001 - 14,500 bbs)

light transport (14,801 - 30,000 bs)

medium transpor (300,01 - 60,000 bs)
medum large transport (60,001 + 150,000 bs)
large transpor (150,001 - 300,000 ba)

large transpoit {over 300,000 bs)

wide-body (over 30,000 bs)

ulralight (iInciuding hang giders)
saiplane/glider

special purpose
fighter

bomber

mkary transport
miitary trainer




ANOMALY DEFINITIONS

SCR_I gQUlPMENT PROBLEM/CRITICAL - Alrcraft equipment problem that is vital to the safety of

s flight.

ACFT EQUIPMENT PROBLEM/LESS SEVERE - Not qualifying as a critical aircrafl equipment

problem.

ALT DEVIATION - A departure from o failure 10 artain or faiture {0 maintain an ATC assigned altitude.
It does not include an injudicious or illegal altitude in VFR Mlight where no altitude has been

assigned by ATC o specified in pertinent charts.

ALT DEVIOVERSHOOT - An aircraft climbs or descends through the assigned altitude.

ALT DEXCI:;CI:DERSHOOT ON CLB OR DES - Ar aircraft fails o reach an assigned altitude during climb
or ™

ALT DEV/EXCURSION FROM ASSIGNED - An aircraft departs from Jevel flight st an assigned altitude.

ALT DEV/XING RESTRICTION NOT MET - Charted or assigned ahtitude crossing restriction is not met.

ALT-HDG RULE DEVIATION - Qruise flight contrary to the altitudes specified in FAR 91.159.

CONFLICT/NMAC (NEAR MIVATR COLLISION) - A conflict i defined as the existence of 8 peroeived
separation anomaly such that the pilot(s) of one of both aircraft take evasive action; or are advised
by ATC to take evasive action; of experience doudt sbout assurance of continuing separation from
the viewpoint of one of more of the pilots or controllers involved. A near midair oollision is when
the flight crew reports, either direcily of as quoted by the controller, that the reported miss distance
is less than 500 feel.

CONFLICT/AIRBORNE LESS SEVERE - A coaftict not qualifying as a NMAC..

CONFLICT/GROUND CRITICAL - A ground ocowrrence that involves (1) two o more aircraft, at least
one of which is oa the ground at the time of the ooourrence, or (2) one of moce aircraft conflicting
with 2 ground vehicle. flifhl crew reports, either direcly or as quoted by a controller, that they
100k evasive action to avoid a collision (emesgendy n go-around, veering O Frunwiy or
taxiway, takeoff aboft, or emergeacy braking), and the balance of the report, including the narralive
is judzed consistent with a critical occusrence.

CONTLICT/GROUND LESS SEVERE - A ground coaflict pot qualifying s critical.

CONTROLLED FLT TOWARD TERRAIN - Flying a1 an altitude that would, if continued, result in
contact with terrain.

ERRONEOUS PENETRATION OF OR EXIT FROM AIRSPACE - Seif-explanatory.

IN-FLT ENCOUNTER/OTHER - In-flight enoounter (e.g., bitd strikes, weather batloons).

IN-FLT mcoum;cmvx - In-flight encounter with weather (¢.g., wind shear, turbulence, clouds, high
winds, storms).

LESS THAN LEGAL SEPARATION - Less than standard separstion between two airborne alrcraft (as
stanvlard separation is defined for the airspace involved).

LOSS OF ACFT CONTROL - Self-explanatory.

NON -ADHERENCE LEGAL RQMT/CLNC - Non-adherence to an ATC clearance.

NON-ADHERENCE LEGAL RQMT/FAR - Non-adherence to a Federal Avistion Regulation.

NON-ADHERENCE LEGAL RQMT/PUBLISHED PROC - Non-adhereace to approach procedure.
standard instrument depasture, STAR, profile desceal, of operational procedure as descnbed in the
AIM ot ATC facility handbook.

NON-ADHERENCE LEGAL RQMT/OTHER - Nor-adher»noe (0 SOPs foc aircraft, company SOPs, etc.

RWY OR TXWY EXCURSION - An airaraft exits the runway of taxiway pavement.

RWY TRANSGRESS/OTHER - The eroneous of improper occupation of & runway or its immediate
environs by an aircrafi or other vehicle so as to pose a potential collision hazard to other aircrafi
using the runway, even if no such other aircraft were sctually prese .

R\WY TRANSGRESS/AUNA UTH LNDG - A runway transgression specifically involving landing without 2
landing clearance or landing on the wrong runway.

SPEED DEVIATION - Alrcrah speed coatrary to FARs o¢ controller instruction.

TRACK OR HDG DEVIATION - Self-eaptanatory.

UNCTRL ARPT TRAFFIC PATTERN DEVIATION - Failure to fly the prescribed rectangular pattern of
failute 10 entes on 2 45 degree angle 1 the downwind leg.

- VFRINIMC - H iiht conducted under Visual F‘lihl:t Rules (VFR) into Instrument Meteorological

Conditions (IMC) when not on an instrument flight plan and/or when not qualified to Ny under
instrement Flight Rules (IFR).




ACCESSION NUMBER 72048

DATE OF OCCURRENCE 8707

REPORTED BY FIC; 1 1 1

PERSONS FUNCTIONS FILC,FO; FLC,PIC.CAPT; FIC,PIC.CAPT; THR,
LC;

FLIGHT CONDITIONS VNC

REFERENCE FACILITY ID ATL

FACILITY STATE GA

FACILITY TYPE TWR: ARPT;

FACILITY IDENTIFIER ATL; ATL;

AIRCRAFT TYPE MLG; LRG;

ANOMALY DESCRIPTIONS IN-FLT ENCOUNTER/OTHER; LOSS OF ACFT
CONTROL}

ANONALY DETECTOR 1 COCKPIT/FIC)

ANOMALY RESOIUTION 1 FIC EXECUTED GAR OR MAP; FLC REGAINED
ACFT CONTROL; ACFT EXITED ADVERSE ENVIRONMENT!

ANOMALY CONSEQUENCES 3 NONE;

NARRATIVE { VECTORED FOR A VISUAL APCH AT 5000’ 10
MI FPROM ARPT. INSTRUCTED TO MAINTAIN 180 KT8 TO MARKER AND FOLLOW
AN IGT "20 KTS FASTER". THROTTLES WERE AT IDLE, FLAPS 15 DEG, AND
GEAR DOWN. GLIDE SLOPE WAS SHOWING PULL DOWN INDICATION. JUST
OUTSIDE OUTER MARKER, AS THROTTLES WERE RETURNED TO APPROX 1.15
EPR, WE BEGAN TO ENCOUNTER “LIGHT" WAKE TURB. NEAR OUTER MARKER AT
APPROX 2000* AGL (STILL FULL DOWN DEFLECTION ON GLIDE SLOPE) ACFT
BEGAN ROLL TO RIGHT, FULL “PPOSITE AILERON WAS APPLIED, WITH BOTH
PLTS ON CORTROLS. ACFT CONTINUEDC TO ROLL TO A BANK ANGLE EXCREDING
75 DEG OF BANK, STICK SHAKER AND GND PROX WARNING SYSTEM SOUNDED
AND THROTTLES HWERE ADVANCED TO FIREWALL THRUST. AIRSPEED AT THIS
TIME WAS 170-180 KIAS. MISSED APCH WAS EXECUTED AND WE WERE
VECTORED FOR A SECOND APCH AND UNEVENTFUL LNDG.

SYNOPSIS 3 HIG ENCOUNTERS WAKE TURBULENCE ON FINAL
APCH BEHIND AN 1GT.

REFERENCE FACILITY 1D ATL

FACILITY STATE GA
DISTANCE - BEARING FROM REF. 5,,E
MSL ALTITUDE 3000,3000




ACCESSION NUMBER
DATE OF OCCURRENCE
REPORTED BY
PERSONS FUNCTIONS

FO;
FLIGHT CONDITIONS :
REFERENCE FACILITY ID '
PACILITY STATE ’
FACILITY TYPE 1
PACILITY IDENTIFIER g
AIRCRAFT TYPE '
ANOMALY DESCRIPTIONS :
ANOMALY DETECTOR '
ANOMALY RESOLUTION ¢
ANOMALY CONSEQUENCES t
SITUATION REPORT SUBJECTS ¢
NARRATIVE :

107506

8812

PIC: } 1 )

FLC,PIC.CAPT} FIC,FO1 PLC,PIC.CAPT; FIC,

e

DFR

™

TWR; ARPT;

DFN3 DFW;

NIG] LRO;

IN-FLT ENCOUNTER/OTHER; OTHER;
COCKPIT/PLC]

NOT RESOLVED/ANOMALY ACCEPTED;
NONE;

AN ACFT TYPE}

LGT WAS CLRED FOR TKOF. ONCE HE WAS

AIRBORNE, WE WERE CLRED FOR TXOF. IMMEDIATELY AFTER TKOF WE
ENCOUNTERED THE LGT WAKE TURB. IT TOOK ALMOST FULL AILERON IRPUT
T0 KEEP FPROM ROLLING PAST 45 DEGS. THE LGT I8 NOT CONSIDERED A HVY
CATEGORY ACFT. THE WAKE 1 ENCOUNTERED WAS CONSIDERABLY MORE THAN
NORMAL. SUGGEST THERE BE AN INTERKEDIATE CATEGORY WITH SOME TIMING
RESTRICTIONS, ESPECIALLY FOR LNDG. IF MORE INFO IS NEEDED, PLEASE

SYNOPSIS :

MLG EXPERIENCED WAKE TURBULENCE

FOLLOWING A NEW TYPE KIG NOT DESIGNATED AS HVY.

REFERENCE FACILITY ID :
FACILITY STATE :
DISTANCE & BEARING FROM REF. :
AGL ALTITUDE 1

DFR

T
0,350
100,100




ACCESSION NUMBER 149927

DATE OF OCCURRENCE 9006

REPORTED BY PICr 1 1

PERSONS FUNCTIONS FLC,CAPT.PIC; FLC,FO0) TWR,IC) PIC,
PIC.CAPT;

FLIGHT CONDITIONS VNC

REFERENCE PACILITY ID ORD

FACILITY STATE IL

FACILITY TYPE TWR: ARPT;

FACILITY IDENTIPIER ORD; ORD}

AIRCRAFT TYPE MIG: LRG)

ANOMALY DESCRIPTIONS IN-FLT ENCOUNTER/OTHER; 1OSS OF ACFT
CONTROL}

ANOMALY DETECTOR ! COCKPIT/FLC)

ANOMALY RESOLUTION 3 PLC REGAINED ACFT CONTROL;

ANOMALY CONSEQUENCES t NONE)

SITUATION REPORT SUBJECTS 1t AN ACFT TYPE] PROC OR POLICY/FAA;
NARRATIVE 3 I AM CAPT OF AN MIG. TOLD TO EXPEDITE
TKOF BEHIND LGT ON RWY 32L AT ORD. WE BEGAN TKOF ROLL AS 1GT

ROTATED. HE WENT STRAIGHT OUT AND WE WERE TO TURNK TO 1680 DEGS. WE
STARTED THE TURN AT 300’ AGL WITH 15 DEGS ANGLE OF BANK. WE WERE

VIOLENTLY INCREASED TO 30 DEGS ANGLE OF BANK FROM THE APPARENT
WAKE TURB OF THE 1GT. THE COPLT VERED SHOOTHLY AND NY ONE WAS
INJURED. I WONDERED IF THE FAA QR ACPT MFR HAD CONSIDERED
INCREASED SEP BEHIND LGT ACFT BECAUSE OF WING DESIGN.

SYNOPS1S : FLT /CREW OF MLG DEPARTING ORD
ENCOUNTERS WHAT THEY BELIEVED BE THE WAKE TURBULENCE OF A 1GT
THAT DEPARTED JUST BEFORE THEN.

REFERENCE FACILITY ID

FACILITY STATE

AGL ALTITUDE




ACCESSION NUMBER : 156250

DATE OF OCCURRENCE 1 9008

REPORTED BY t PLC} 3 ¢ 1 1 8 |

PERSONS FUNCTIONS : FLC,PIC.CAPT; FLC,FO) PIC,501 FLC,
PIC.CAPT; TWR,IC; TRACON,DC;

FLIGHT CONDITIONS : VMC

REFERENCE PACILITY ID 1 LAX

FACILITY STATE : CA

FACILITY TYPE 1 ARPT; TWR; TRACON;

FACILITY IDENTIFIER : LAX) LAX; LAX}

AIRCRAFT TYPE : LR3) LRG)

ANOMALY DESCRIPTIONS : OVHER;

ANOMALY DETECTOR t COCKPIT/FIC;

ANOMALY RESOLUTIOR : FLC REGAINED ACFT CONTROL;

ANOMALY CONSEQUENCES 1 NORE;

SITUATION REPORT SUBJECTS :+ PROC OR POLICY/FAA) AN ACFT TYPE;

NARRATIVE 1 WE WERE CLRED ONTO RWY 25L AT LAX. THE
SKY WAS CLR AND WINDS WERE 250 DEGS AT 9 KTS8. AN LGT ADVANCED WAS
ON ITS TKOF ROLL. WE WERE FLYING AN LGT WITH -15 ENGS AND
RELATIVELY LIGHT AT ABOUT 1400004. AS THE LGT »DVC STARTED ITS
ROTATION, WE WERE CLRED FOR TKOF. WE STARTED OUR TKOF ROLL RIGHT
AFTER RECEIVING THE CLRNC, NOT MAKING ANY ALLOWANCES FOR THE 1GT
ADVNC. RIGHT AFTER LIFTOFF AT ABOUT 100/ AGL, WE ENCOUNTERED THE
WAXE VORTICES OF THE LGT ADVNC AND WE WERE IN THEM UNTIL ABOUT
20007 MSL. DURING THAT TIME WE EXPERIENCED VERY RAPID ROLL RATES,
WITH THE ACFT ROLLING 45 DEGS LEF1 AND RIGHT, AND FULL AILERON
OFTEN REQUIRED TO KEEP THE ACFT RIGHT SIDE UP. WITH NO SEP
REQUIREMENTS FOR THE LGT ADVNC MANDATED BY THE PAA AT THIS TIME,
THIS PLT WILL BE REQUESTING ADDITIONAL SEP FROM LGT ADVNC ACFT AND
STRONGLY SUGGESTS THE FAA CONSIDER TREATING THE LGT ADVNC AS A hvY
FOR SEP REQUIREMENTS.

SYNOPSIS : PLT CREW OF LGT MAKING SHORT INTERVAL
TKOF BEHIND ADVANCED LGT EXP™™IENCED WAKE TURBULENCE FORM TKOF UP
TO 2000’ FOLLOWING THE ADVANLLD LGT.

REFERENCE FACILITY 1D : LAX

FACILITY STATE 1 CA

DISTANCE & BEARING FROM REF. : 3,250

AGL ALTITUDE ¢ 0,2000




ACCESSION NUMBER 167185

DATE OF OCCURRENCE 9101

REPORTED BY CTLR: ¢ ; :

PERSONS FUNCTIONS TWR,1LC; PLC,PIC,CAPT:; FLC,FO; FLC,
PIC.CAPT;

FLIGHT CONDITIONS VMC

REFERENCE FACILITY 1D BOS

FACILITY STATE MA

FACILITY TYPE THR;

FACILITY IDENTIFIER BOS;

AIRCRAFT TYPE ‘ LRG; LTT;

ANOMALY DESCRIPTIONS ¢t OTHER; CONFLICT/AIRBORNE LESS SEVERE;
LESS THAN LEGAL SEPARATION; NON ADHERENCE LEGAL RQMT/PUBLISHED
PROC;

ANOMALY DETECTOR t COCKPIT/FIC}

ANOMALY RESOLUTION t CTLR ISSUED NEW CLNCs FL1C EXECUTED GAR
OR MAP; ACFT EXITED ADVERSE ENVIRONMENT;

ANOMALY CONSEQUENCES 1 NONE;

NARRATIVE t ACR X WAS ON FINAL (ILS/DME) TO RWY 33L
AT BOS. ACR X SLOWED TO 120 KTS ON A 3 MI PINAL. LTT Y WAS ON APCH
3-4 HI IN TRAIL 170 KTS. (ALL SPDS ARE ARTS GENERATED IN THE DATA
BLOCKS.) LTT Y WAS TOLD HE WAS INDICATING 50 KTS FASTER THAN ACR
X. ACR X WAS TOLD THAT TFC WAS SPACED ON HIM. WITH ACR X LESS THAN
A 1 MI FINAL AND LTT Y 2 1/2 M1 IN TRAIL, LIT Y INFORMED ME HE WAS
UNABLE TO FOLLOW ACR X AND WAS ABORTING THE APCH. WHEN I ASKED TO
SAY AGAIN, THE PLT STATED HE WAS IN A RIGHT TURN. I ASKED THE PLT
IF HE WAS ABLE RRWY 27, AND HE STATED AFFIRMATIVE. THE PLT WAS
ISSUED LNDG CLRNC FOR RWY 27. DURING THE SEQUENCE OF EVENTS, THE
PLT OF LTT Y NEVER REDUCED HIS AIRSPD AND NEVER INFORMED ACR X (ML
INFORMED THE GND CTLR OF THE WAXE TURB PROB). BOS TWR IS ALLOWEL
REDUCED SEP INSIDE THE OM (PER FAA HANDBOOK 7110.65, PARAGRAPH
5=72F) TO 2.5 HI. HVY ACFT CAN PARTICIPATE AS TRAILING ACFT ONLY.
SINCE LTT Y RPTED ACR X IN SIGRT, 1 ASSUMED HE WAS PROVIDING HIS
OWN VIS SEP (1 HAD BOTH ACFT IN SIGHT). HAD I XNOWN THAT THE WAKE
TURB FROM THE ACR CREATED SUCH A PROB FOR THE LTT, I WOULD HAVE
TAKER MORE POSITIVE ACTION {I1.E., INSTRUCTED LIT Y TO REDUCE TO
HIS FINAL APCH SPD, IF PRACTICAL) TO MAINTAIN AS MUCH SEP AS
POSSIBLE.

SYNOPSIS { LTT Y HAD LESS THAN STANDARD SEPARATION
FROM ACR X. SYSTEM ERROR.

REFERENCE FPACILITY ID { BOS

FACILITY STATE HA

DISTANCE & BEARING FROM REF. 5,,NE

AGL ALTITUDE 300,1100




190748

9110

FICt FIC) 1 ¢

311‘2.?0: FLC,PIC.CAPT) TRACON,DC; TWR,IC;
c

DFW

T

ARPT} TRACON)

ACCESSION NUMBER
DATE OF OCCURRENCE
REPORTED BY

PERSONS FUNCTIONS

PLIGHT CONDITIONS

REFERENCE FACILITY 1D

FACILITY STATE

FACILITY TYPE

FACILITY IDENTIFIER DFH! DFW;

AIRCRAFT TYPE MLG: LRG}

ANOMALY DESCRIPTIONS t IN-FLT BNCOUNTER/OTHER) LOSS OF ACFT
CONTROL; TRACK OR HDG DEVIATION; NON ADKERENCE LEGAL RQMT/CLNC;
NON ADHERENCE LEGAL RQNT/PUBLISHED PROC;

ANOMALY DETECTOR 1 COCKPIT/FILC}

ANOMALY RESOLUTION ¢t NOT REB3OLVED/ANOMALY ACCRPTED;

ANOMALY CONSEQUENCES ¢ NONE}

NARRATIVE t AFTER TAKING OFF OF RWY 17R AT DFW AND
PASSING 1200 FT MSL OUR MLG ENCOUNTERED SEVERE WAKE TURB CREATED
BY A PREVIOUSLY DEPARTING LGT. THE PP WAS STRUGGLING TO RETAIN
ACPT CTL, USING FULL FLT CTL INPUTS TO COUNTERACT THE ROLL RATE.
THE WAKE TURB HAD CHANGED THE ACFT/S HDG TO APPROX 155 DEG FROM
THE ASSIGNED 170 DEG RWY HDG. AS THE PNFP I TOLD DEP CTL THAT MWE
WERE ENCOUNTERING SEVERE WAKE TURB AND TURNING L NOW TO GET OUT OF
IT. DEP CTL RESPONDED ‘NEGATIVE ON THE TURN.’ I REINFORMED DEP
THAT WE HAD NO CHOICE TO WHICH THEY INSTRUCTED THAT OUR TURR MUST
BE LIMITED TO NO MORE THAN 10 DEG. STILL IN THE WAKE WE AOVANCED
PWR TO MAX AND TOOK AN APPROX 140 DEG HDG AND ESCAPED THE TURB. WE
WERE VISUALLY CLR OF ALL OBSTRUCTIONS AND TFC. 1T SEEMS AS THOUGH
THE TWR CTLR ISSUED TKOF CLRNC WITH LESS THAN NORMAL TIME
SEPARATION. ADDITIONALLY, THE DEP CTLR, DESPITE OUR ADVISORY, GAVE
INSTRUCTIONS THAT WOULD HAVE FURTHER ENDANGERED OUR FLT BY
RESTRICTING OUR TURN. IT MAY BE THAT 1 OR BOTH OF THESE CTLRS WERE
UNAWARE OF THE EFFECTS OF WAXE TURB OR FEEL THAT IT’S MORE
IMPORTANT TO KEEP ACFT FROM OVERFLYING NOISE SENSITIVE AREAS THAN
IT IS TO HAVE THEX OPERATE SAFELY. OUR CREW COULD HAVE ASKED FOR
INCREASED SEPARATION FOR TKOF.

SYNOPS1S ACR MLG WAKE TURB ENCOUNTER IN ICB OFF
RWY 17R AT DFM.

REFERENCE FACILITY 1D DF¥

FACILITY STATE ™

DISTANCE & BEARING FROM REF. + 150

MSL ALTITUDE 1200,1200




ACCESSION NUMBER 210179

DATE OF OCCURRENCE 920%

REPORTED BY PIC: 1 1

PERSONS FUNCTIONS FLC,PIC.CAPT; FIC,FO; FPLC,PIC,CAPT)
TRACON,AC;

FLIGHT CONDITIONS mwe

REFERENCE FACILITY 1D ORD

FACILITY STATE 1L

FACILITY TYPE TRACON} ARPT}

FACILITY IDENTIFIER ORD: ORD;

AIRCRAFT TYPE 11Ty IRG) )

ANOMALY DESCRIPTIONS IN-PLT BNCOUNTER/OTHER) LOSS OF ACFT
CONTROL}

ANOMALY DETECTOR COCKPIT/PILC)

ANOMALY RESOLUTION PLC REGAINED ACFT CONTROL}

ANOMALY CONSEQUENCES NONE}

NARRATIVE ¢t DURING A VECTOR FPROM THE S, WE WERE
SEQUENRCED BEHIND AN ACR wr Y. JUST AS FINAL WAS INTERCEPTED, THE
WAKE WAS ENCOUNTERED. WE ROLLED UNCTLABLE INTO 80 DEG BANK. WE
COULDN’T CTL FOR 2-~3 SECONDS. THE LGT Y PUTS OUT MORE WAKE THAN
ANY ACFT I HAVE EVER ENCOUNTERED.

SYNOPSIS 1t A COMMUTER ACFT ENCOUNTERS WAKE TURB
WHEN SEQUENCED BEHIND AN ACR LGT ON PINAL AT ORD.

REFERENCE PACILITY ID 1 ORD

FACILITY STATE t IL

DISTANCE & BEARING FROM REF. 1 10,,8W

MSL ALTITUDE t 4000,4000
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ACCESSION NUMBER
DATE OF OCCURRENCE
REPORTED BY
PERSONS FUNCTIONS
FLIGHT CONDITIONS
AIRCRAFT TYPE
NARRATIVE

S Ty S0 09 S 8 &8

49847

8601

F1C

FLC,PIC.CAPTFLC,FO;FLC,SOITHR, LC

YHEC

LRG

DURING TAXI OUT FOR TKOF ON 32R AT ORD

WE HEARD THE THWR CLEAR AN ACFT FOR TKOF BEHIND A HEAVY JET. THE
PLT OF THE ACFT CLRD FOR TKOF BEHIND THE HEAVY JET ASKED FOR
ADDITIONAL TIME AS HE "DID NOT WANT TO TKOF SO CLOSE TO THE HEAVY
JET." WE WERE ALSO IN LINE BEHIND A HEAVY JET AND CLRD INTO
POSITION WHEN THE WDB WAS CLRD FOR TKOF. WE TIMED THE TKOF ROLL OF
THE WDB AND AT 50 SECS AFTER BEGINNING OF THE WDB TKOF ROLL WE
WERE CLRD FOR TKOF. THE REPORTED WIND WAS 290 DEG/6 KTS. WE
ADVISED THE TWR THAT WE WANTED MORE SEPARATION BETWEEN US AND THE
PRECEDING WDB. THE TWR ADVISED US WE HAD 5 MILES SEPARATION WITH
THE WDB (WHICH WAS IMPOSSIBLE. THE WDB WAS JUST AIRBORNE AND THE
RWY 32R IS 10,003/ IN LENGTH. THE TWR THEN PROCEEDED TO TELL US
THE NEXT TIME WE WANTED MORE SEPARATION BEHIND A HEAVY WE SHOULD
ADVISE THEK BEFORE TAXIING INTO POSITION AND THEY WOULD SEQUENCE
US ACCORDINGLY. THE TWR THEN ADVISED US TO TAXI DOWN THE RWY AND
EXIT THE RNY AT THE 9L/27R PARALLEL. BY THE TIME THE TWR WAS THRU
WITH THEIR ADVICE AND INSTRUCTIONS ENOUGH TIME HAD PASSED (APPROX
1 MIN 50 SECS) SO THAT WE PELT COMFORTABLE IN TKOF AND ADVISED THE
TWR THAT WE WERE READY FOR TKOF. THE TWR THEN CLRD US FOR TKOF. AS
WE STARTED THE TKOF ROLL THE TWR CANCELLED THE TKOF CLRNC DUE TO
AR ACFT LNDG ON 27R. THIS WAS NO PROBLEM FOR US AS WE WERE JUST
COMMENCING THE ROLL. AFTER THE ACFT LANDED ON 27R WE WERE RECLRD
FOR TXOF BY THE TWR ALONG WITH THE ADVICE THAT IN THE FUTURE IF WE
NEED MORE SEPARATION THAN THEY ALLOWED US IN THIS CASE WE SHOULD
ADVISE THEM AND THEY WOULD SEQUENCE US ACCORDINGLY. AS WE ROLLED
DOWN THE RWY WE HEARD OVER THE RADIO SOMEONE COMMENT TO THE THWR
THAT "IT IS PRESSURING LIKE THAT THAT CAUSES ACCIDENTS". I GUESS
THE TWR OPERATOR WAS TRYING TO DO HER JOB OF MOVING TFC, HOWEVER,
IN NO WAY DID WE HAVE THE SEPARATION AS OUTLINED IN OUR POM. EVERY
SITUATION IS DIFFERENT AND BRINGS INTO PLAY THE JUDGEMENT FACTOR
AND PAST EXPERIENCE AND IN THIS CASE (WIND 290/6, 50 SECS AFTER
BEGINNING OF TKOF ROLL OF WDB WE WERE CLRD FOR TKOF, 2 MILES
SEPARATION--NOT FIVE MILES SEPARATION) WE FELT IT WAS MORE PRUDENT
TO DELAY TKOF UNTIL WE HAD ADDITIONAL SEPARATION., WE FELT THE TWR
WAS APPLYING UNDUE PRESSURE AND DID NOT PROVIDE PROPER SEPARATION.

SYNOPSIS

CRITERION FOR TKOF.
CALLBACK/COMMENTS
LOC 1D (LOCATION IDENTIFIER)

ALLEGED IMPROPER WAKE TURB SEPARATION

NONE
ORD;ORD




ACCESSION NUMBER
DATE OF OCCURRENCE

REPORTED BY

PERSONS FUNCTIONS
TRACON,AC; TWR,IC?

FLIGHT CONDITIONS

REFERENCE FACILITY 1D

FACILITY STATE
FACILITY TYPE

FACILITY IDENTIFIER

AIRCRAFT TYPE

ANOMALY DESCRIPTIONS

58754

8610

FIC3 ¥ 3} 3 )

FLC,PIC.CAPT) FPLC,FO; FIC,PIC,.CAPT;

MXD

ORD

1L

TRACON) THWR) ARPT}

ORD; ORD) ORD;

MILG: 1RG;

CONFLICT/AIRBORNE LESS SEVERE) LESS

ANOMALY DETECTOR

ANOMALY RESOLUTION
ANOMALY CONSEQUENCES
SITUATION REPORT SUBJECTS

I o o0 o 24 on 20 o

THAN LEGAL SEPARATION; SP
ROMT /CLNC}

ED DEVIATION; NON ADHERENCE LEGAL

ATC/CTLR}

CTLR INTERVENED; CTLR ISSUED NEW CLXNC3
FLC/ATC REVIEW;

PROC OR POLICY/ATC FACILITY; PROC OR

POLICY/FAA;

NARRATIVE ! THE SUPVR SAID "NO FURTHER ACTION WOULD

BE TAKEN UNLESS SOMETHING ELSE WOUJD COME UP". THESE HIGH ALT, 250
KT LOCALIZER INTERCEPTS AT LESS THAN 15 DME FROM THE FI1ELD, WITH
ONLY 5 DME ACFT SEPARATION, ARE NOT SAPE! THERE JUST IS8 NOT ENOUGH
CUSHION FOR ACFT SLOWING CAPABILITIES, CREW REACTIONS AND DUTIES,
WEATHER, AND OVERLOADED COMMUNICATIONS. AT ORD THERE I8 LITTIE 2
WAY COMMUNICATIONS AS WE ARE GUILTY OF BEING INTIMIDATED BY APCH
CONTROL INTO JUST LISTENING. THIS LETS THEM TALX CONTINUOUSLY AND
CROWD MORE PLANES IN BY NOT TAXING THE TIME FOR QUESTIONS OR
REPORTS FROM PLTS. THEY NORMALLY DO A GREAT JOB UNDER THE
CIRCUMSTANCES, BUT LATELY THIS ®“JAMMING® TREND HAS STARTED AGAIN!
ON FINAL APCH CONTROL, 90 DEG ABEAM FIELD, 7000’, 250 KTS, 15 DME
OUT, SOLID UNDERCAST, F/0 FLYING, BEHIND HEAVY PLANE, FOR 1LS 9R
AT ORD. HEAVY TURNED IN, APPEARED TO BE SLOWING, WERE CONCERNED
WITH CLOSURE RATE (5 DME SEPARATION), AND HE DESCENDED INTO
CLOUDS. F/0 STARTED SLOWING AND I AGREED BEING VERY CONCERNED WITH
CLOSURE RATE, WAKE TURBULENCE, AND CTLR OVERLOAD. NON STOP TALKING
BY CTLR PREVENTED ME INFORMING HIM OF OUR SLOWING. HE THER ASKED
OUR SPEED, 210 KTS REPORTED, AND HE YRLLED FOR US TO PICK BACK UP
TO 250 KT8 AND WE DID. HEARD PLANE BEHIND US S10W TO 180 KTS AND A
RIGHT TURN, CTLR STARTED TURNING US IN, SLOW TO 180 KTS, JEXT
BREATH THEN SLOW TO 160 KTS, AND WE OVERSHOT THE LOCALIZER. AT LOM
CALLED TWR, INFORHED #2 FOR SR, BROKE OUT OF CLOUDS, BAW HEAVY
LANDING CONFIRMING MY LESS THAN 5 DME SEPARATION. TWR INFORMED
THAT A LIGHT TWIN WAS 3 DME AHEAD OF US BETWEEN US AND THE HEAVY!
RAPID PLAP DEPLOY NARROWLY PREVENTED US GOING AROUND BECAUSE OF
LIGHT PLANE CLEAR 9R. GROUND CONTROL GAVE US A PHONE NUMBER TO
CALL. APCH CONTROL SUPVR CHEWED ME OUT FOR NOT TELLING THEM OF OUR
SLOWING AND CLAIMED THE LGT B BEHIND U8 CAME WITHIN 1 DME OF US. I
TOLD HIM WE COULDN’T GET A WORD IN AND MY CONCERN FOR OUk CLOSURE
ON THE HEAVY. THE LGT B CAPT CAME IN AND ALSO TAIKED TO THE SUPVR
AND TOLD HIX THERE WAS NO PROBLEM AS HE WAS VISUALLY WHAT WAS
HAPPENING TO US. THIS CAPT TOLD ME APCH WAS DIVING HIM IN BEHIND
US AT LESS THAN 5 DME, WHICH HAD HAPPENED TO ME THERE OFTEN.

SYNOPSIS t MLG FLT CREW CONCERNED OVER SPACING AND

WAKE TURBULENCE SEPARATION BEHIND A HEAVY ACFT SLOWED FROM




ACCESSION NUMBER
DATE OF OCCURRENCE

REPORTED BY

PERSONS FUNCTIONS

1C;

FLIGHT CONDITIONS
REFERENCE FACILITY ID
FACILITY STATE

FACILITY TYPE

FACILITY IDENTIFIER

AIRCRAFT TYPE

ANONALY DESCRIPTIONS

OF ACFT CONTROL: OTHER;
ANOMALY DETECTOR
ANOMALY RESOLUTION
ANOMALY CONSEQUENCES
SITUATION REPORT SUBJECTS

NARRATIVE

. ¥ "5 99 S8 48 A o8 o8 b 8a

119921

83908

PLC: ; 1 3

PIC,FO; FLC,PIC.CAPT; FLC,PIC.CAPT; TWR,

INC

CVG

OH

TWR:

CvG)

N1G) M1LGj

ALT DEV/EXCURSION FROM ASSIGNED; LOSS

ATC/CTLRs COCKPIT/FLC;

FLC REGAINED ACFT CONTROL;

NONE}

AN ACFT TYPE) PROC OR POLICY/FAA;

AT 250’ AGL ON THE CAT II ILS RWY 36

APCH TO CVG, WE ENCOUNTERED MOD WAKE TURBULENCE FROM A WDB THAT
HAD LANDED IN FRONT OF US. ALTHOUGH WE HAD LEGAL IFR SEPARATION, A
LARGE POWER INCREASE AND SIGRIFICANT CONTROL WHEEL INPUT HWAS
REQUIRED TO MAINTAIN A STABILIZED PLT PATH. IF THE RWY ENVIRONMENT
HAD NOT BEEN IN SIGHT. A GO AROUND WOULD HAVE BEEN REQUIRED. THE
TWR CTLR HAD WARNED Ut OF POSSIBLE WAKE TURBULENCE AT 1 NM ON THE
APCH. THIS WARNING AVS0 CONTRIBUTED TO A SAFE LNDG RATHER THAN A
MISSED APCH. RECOKMEND INCREASING REQUIRED IFR SEPARATION BEHIND
WDB ACFT TO 5 NN VICE THE PRESENT 3 NM TO PRECLUDE RECURRENCE OF
THIS WAKE TURBULENCE HAZARD.

SYNOPSIS

MLG FOLLOWING A NEWER HLG TYPE

ENCOUNTERED WAKE TURBULENCE.

REFERENCE FACILITY ID
FACILITY STATE
DISTANCE & BEARING FROM REF.

AGL ALTITUDE

4

13
L]

CVG

OH
1,180
250,250




ACCESSION NUMBER

188899

DATE OF OCCURRENCE t 9109

REPORTED BY : FLC: 1 ¢

PERSONS FUNCTIONS 1 PILC,PIC.CAPT; FPIC,FO; TWR,1L;

FLIGHT CONDITIONS t VMNC

REFERENCE FPACILITY ID t ORD

FACILITY STATE : IL

FACILITY TYPE t ARPT} TWR;

FACILITY IDENTIFIER t ORD; ORD}

AIRCRAFT TYPE t MLG) LRG)

ANOMALY DESCRIPTIONS + CONFLICT/AIRBORNE LESS SEVERE; IR-FLT
ENCOUNTER/OTHER; LOSS OF ACPT CONTROL; OTHERj

ANOMALY DETECTOR t COCKPIT/FIC}

ANOMALY RESOLUTION t FILC AVOIDANCE-EVASIVE ACTION; FIC
EXECUTED GAR OR MAP;

ANOMALY CONSEQUENCES t NONE;

NARRATIVE : AS CAPT AND PF I WAS VECTORED FOR

PARALLEL VISUAL ORD USING 14L AND 14R. WAS CLRED FOR VISUAL. I WAS
FLYING GS DOWN. EXPERIENCED MORE WAKE TORB FROM PRECEDING ACPT
THAN WAS USUAL. TCASII SHOWED ABOUT 3.5 MI BEHIND. 1 ELECTED 10
FLY ABOUT 1 DOT HIGH AND STAY OUT OF HIS WAKE AND TO LAND PAST HIS
TOUCHDOWN POINT. AIR WAS PAIRLY SMOOTH AT 1 DOT HIGH. SAW MY INNER
MARKER LIGHT FLASH AND THEN EXTINGUISH, WAS NOW 1/2 DOT HIGH. AT
APPROX 50 FT AGL ACFT ROLLED RAPIDLY R THEN VIOLENTLY L. COUNTERED
WITH PULL R AILERON. ACFT CONTINUED L ROLL. WENT TO MAX PWR THEN
FIREWALL PWR. WE ACCELERATED THROUGH WAKE ZONE. ON GAR TWR ADVISED
OF CONFLICTING TFC THAT HAD DEPARTED 22L. WE HAD A VISUAL ON HIM
AND TCASII NEVER ISSUED ANY ADVISORY. I DID NOT CONSIDER HIM A
THREAT AT HE WAS 1IN EXCESS OF 3 MI. NEVER IN 27 YRS HAVE I
EXPERIENCED SUCH WAKE TURB. ACFT WE WERE FOLLOWING WAS IGT. WE ARE
MLG. FOR A PERIOD OF A COUPLE SECONDS MY ACPT WAS OUT OF CTL DUE
TO THE SEVERITY OF WAKE, NO RECOMMENDATIONS AS I SAID 3.5 IN
TRAIL. WIND WAS 170 DEG/7.

SYNOPSIS i PLC OF MLG FOLLOWING AN LGT ON APCH FOR

INDG 3 PT 5 MI IN TRAIL, FLEW HIGH AS AWARE OF POSSIBLE WAKE TURB.
50 FT AGL ENCOUNTERED STRONG WAKE TURB. ACPT MOMENTARILY OUT OF
CTL, FULL THRUST, FULL AILERON RECOVERY, GAR.

REFERENCE FACILITY ID t ORD
FACILITY STATE t IL

AGL ALTITUDE

t 0,50




ACCESSION NUMBER
DATE OF OCCURRENCE

REPORTED BY

PERSONS FUNCTIONS

TRACON,AC}

FLIGHT CONDITIONS
REFERENCE FACILITY ID

FACILITY STATE
PACILITY TYPE

FACILITY IDENTIFIER

AIRCRAFT TYPE

ANOMALY DESCRIPTIONS
ANOMALY DETECTOR
ANOMALY RESOLUTION
ANOMALY CONSEQUENCES

NARRATIVE

" W o0 %

SR BB S5 S5 B0 0 5 o &6 b e

195104

8111

PIC) 1 1 1)

FLC,PIC.CAPT; FLC,FO) FPLC,PIC.CAPT;

VNC

ORD

IL

TRACON) ARPT}

ORD; ORDj

MDT: LRG;

OTHER}

COCKPIT/FILC)

FIC REGAINED ACFT CONTROLj
NONE}

AFTER DBERE INTXN CLRED ORD VOR AT 7000

ENCOUNTENED WAKE FROM PRECEDING LGT AT SAME ALY APPROX VISUALLY
APPEARED TO BE THE REQUIRED 3 MI SEPARATION BY ATC. ACFT STARTED
ROLL TO THE L AND STARTED BUFFETING. AUTOPLT, YAW DAMPER AND ADU
FAILED, NEGATIVE G’S WERE FELT AND COCKPIT AND CABIN XTEMS WERE
DISLODGED ARD A VERY ROUGH SHAKING WAS EXPERIENCED. FLT ATTENDANT
WAS HURT, MINOR INJURIES. ACFT WAS INSPECTED FOR DAMAGE. THE ONLY
DAMAGE 1’M AWARE OF WAS INSIDE T !E ACPT FROM THE FLT ATTENDANT
BEING TOSSED AROUND AND BENT CURTAIN ROD. THE CONDITIONS OF FLT
WERE SMOOTH AIR AND THE LEGAL SEPARATION DOES NOT APPEAR TO BE
ADEQUATE UNDER SOME ATHOSPHERIC CONDITIONS SUCH AS SMOOTH AIR. AT
THIS POINT IN TIME I UNDERSTAND THIS IS CLASSIFIED AS AN INCIDENT
AND THE NTSB IS INVESTIGATING IT.

SYNOPSIS

XDT ENCOUNTERS WAKE TURB EVEN THOUGH

PROPER 3 MI SPACING EXISTED.

REFERENCE FACILITY 1D

FACILITY STATE

DISTANCE & BEARING FROM REF.

HSL ALTITUDE

ORD
1L

: 15,,NE

7000,7000




227217

9211

FLC: 3 ‘

FLC,PIC.CAPT; FLC,FO; FLC,PIC.CAPT;
"MC

ATL

GA

TRACON; ARPT}

ATLs ATL;

LTT) LRG)

IN-PLYT ENCOUNTER/OTHER; OTHER;
COCKPIT/FIL)

ACCESSION NUMBER
DATE OF OCCURRENCE
REPORTED BY _
PERSONS FPUN(TIONS
FLIGKT CONDITIONS
REFERENCE FACILITY ID
FACILITY STATE
FACILITY TYPE
FACILITY IDENTIFIER
ATRCRAFT TYPE
ANOMALY DESCRIPTIONS
ANOMALY DETECTOR
ANOMALY RESOLUTION ROT RESOLVED/ANOMALY ACCEPTED;

ANOMALY CONSEQUENCES NONE}

NARRATIVE t UPON TURNING ONTO THE LOC POR THE
VISUAL APCH TO ATL’S RWY 27L, APCH CTL ADVISED THAT WE WERE 4 MI
BEHIND OUR TFC, AN LG1 Y. WE THEN HIT 6 STRONG JOLTS OF WARE TURB,
APTER WHICH OUR RIDE RETURNED 70 BMOOTH. NO ONE WAS HURT. WAKE
TURB IS A PROBLEK. IT I3 S0 COMMON IN THE ATL ARR AREA THAT WE
TEND TO IGNORE IT, ACCE?TING IT AS A REGULAR PART OF PLYING. I HIT
IT ON AN AVERAGE OF ONCE EVERY 10 APCHS 70 ATL, OR ONCE EVERY 2 T0
3 *FLT DAYS.' USUALLY, BEHIND AN MLG OR LGT Y, IT 15 3 MEDIUM
JOLTS IN WHICH NOTHING IN THE ACET 1S DISTURBED. BUT, BEHIND AN
LGT Y, WAKE TURB IS ALWAYS STRONG -- MUCH STRONGER THAN OTHER 'NON
HVY' ACFT. RECOMMENDATION: ASSIGR 'HVY’ ACFT SEPARATION STANDARDS
FOR LGT Y ACFT.

SYNOPSIS t LTT EXPERIENCES WAKE TURB WHEN 4 MI
BEHIND LGT ON APCH.

REFERENCE FACILITY ID t ATL

FACILITY STATE t GA

$

]

DISTANCE & BEARING FROM REF. 6,.F
MSL ALTITUDE 3500,3500




235192

9303

sLCy FLCy 3 3

FLC,¥0; FLC,PIC.CAPT; FLC,PIC.CAPT; THR,

{ON NUMBER
vA1s . * OCCURRENCE
REPORTED BY
PERSONS FUNCTIONS
LC;
FLIGHT CONDITIONS
REFERENCE FACILITY ID
FACILITY STATE
FACILITY TYPE
FACILITY IDENTIFIER
AIRCRAFT TYPE
ANOMALY DESCRIPTIONS IN-FLT ENCOUNTER/OTHER)
ANOMALY DETECTOR COCKPIT/FIC) |
ANONALY RESOLUTION ¢ PLC RETURNED ACPFT TO ORIGINAL CLNC OR
INTENDED COURSE) ACFT EXITED ADVERSE ENVIRONKENT;

ANOAALY CONSEQUENCES t NONE)
NARKATIVE t LNDG BEHIND AN LGT. ON FINAL APCH AT

APPROX 200 FT AGL, WE EXPERIENCED WAKE TURB FROM THE LGT WHO WAS
ABOUT 4 MI AMEAD. OUR ACPT EXPERIENCED A ROLL TO THE R OF ABOUT 15
DEGS. IT WAS NOT AN ABRUPT OR TURBULENT ROLL, BUT A STEADY, SMOOTH
ROLL. THE CAPT ADDED PWR AND ROLLED WINGS LEVEL AND OUR ACFT
RECOVERED IMMEDIATELY. A GAR WAS NOT DEEMED NECESSARY DUE TO THE
FACT THAT WE RECOVERED IMMEDIATELY AND WERE IN A SAFE POS TO LAND.
THE REMAINDER OP THE LNDG AND ROLLOUT WAS UNEVENTFUL. UPON LNDG,
WE ASKED TWR OUR BEPARATION ON THE LGT AND THEY CONFIRMED 4 MI.
SUPPLEMENTAL INFO PROM ACN 235322¢ WHEN WE ENCOUNTERED THE WAKE
TURB, I WAS SOMEWHAT SURPRISED, SINCE WE HAD SUCH GOOD BPACING
BEHIND THE LGT. HOWEVER, ATIS ({AS RPTING A WIND OF 340/4 KTS WHICH
1’ SURE XEPA' THE MAKE VORTEX RIGHT IN THE APCH PATH. BECAUSE OF
OUR ’‘SLAM DUNK' APCH, WE WERE FREOCCUPIED WITH GETTING THE ACFT
DOWN AND WERE DISTRACTED FROM THINKING ABOUT OR DISCUSSING THE
POSSIBILITY OF WAKE TURB.

i B e )

VHC
MCO
FL
THR) ARPT}
MCO} MCO)
MLG3 LRG3

SYNOPSIS ! MLG ENCOUNTERS WAKE TURB WHER LNDG

BEHIND AR LGT.
REFERENCE FPACILITY ID 1t HCO
FACILITY STATE ¢t PL
DISTANCE & BE’>..ING FROM REP. t 1,,N
AGL ALTITUDE s 200,200




~ ACCESSI1ON NUMBER
DATE OF OCCURRENCE
REPORTED BY
PERSONS PUNCTIONS
P1C.CAPT) TWR,LC;
PLIGKT CONDITIONS
REPERENCE FACILITY ID
PACILITY STATE
PACILITY TYPE
PACILITY IDENTIFIER
AIRCRAFT TYPE
ANOMALY DESCRIPTIONS
CONTROL) OTHER;
ANOMALY DETECTOR
ANOMALY RESOLUTION

238087
9304

PICE 3 3 3 3
PLC,PIC.CAPT; PLC,FO; FLC,PIC.CAPT} PLC,

‘VNC

DFH

TX

ARPT; TWR;

DFW; DM,

Lﬂhm; LRG)

IN-FLT ERCOUNRTER/OTHER; LOSS OF ACFT

COCKPIT/FIC) ‘
PLC EXECUTED GAR OR MAP) CYLR ISSUED

NEW CLNC) FI1C BECAME REORIENTED)

ANOMALY CONSEQUENCES

SITUATION REPORT SUBJECTS

RARRATIVE

NONE)
PROC OR POLICY/PAA; OTHER)
APCHING DPW PROX THE NW FOLLOWING MLG

TFC WHEN CTLR SAW AN OPPORTUNITY TO ALLOW US TO LAND RWY 3SR. WE
WERE 3000 PT MSL AT 2310 KIAS ASSIGNED AIRSPD WHEN TOLL TO FOLLOW
LGT OVER LOM FOR RWY 35R. CROSSED BEHIND MLG ON PINAL POR RWY 36L
STILL AT 3000 FT AND INTERCEPTED LOC FOR RWY 35R. SWITCHED TO TWR
FREQ AND WERE TOLD WE HAD A 70 KT OVERTAKE ON LGT AND BEGAN
SLOWING. BEGAN DSCNT PROM 3000 PT NOTING WE WERE FULL DERPLECTION
ABOVE GS. I JUDGED THIS 70 BE PERFECTLY ACCEPTABLE KNOWING THE
NASTY REPUTATION THE LGT HAS FOR GENERATING WAKE TURB AND, IN PACT,
PULLY INTENDED TO REMAIN HIGH ON PINAL. TWR ADVISED 'CLRED TO
LAND FOLLOWING TPC 2 1/2 AHEAD, CAUTION WAKE TURB.' I THOUGHT WE
WOULD BE SAFELY ABOVE HIS NAKE. SHORTLY AFTER, KY ACFT (LTT)
ROLLED TO THE R TO AN ANGLE OF APPROX 100 DEGS (MORE THAN 90
DEGS). PULL OPPOSITE CTL INPUT DID NOT MAVE ANY APPECT IN STOPPING
THIS ROLL. IAS BEGAN DROPPING AND THROTTLES WERE THEN PIREWALLED.
AS WE ROLLED R, WE HAD ALSO TURNED SLYGHTLY IN THAT DIRECTION AND
I ASSUME WE PLEW OUT OP THAT VORTEX AND WERE ABLE TO RIGHT THE
ACFT. THEN WE RIT WHAT I ASSUME WAS HIS R WING VORTEX AND THE ACF1
(KINE) BEGAN TO ROLL L. WE PLEW THROUGH THIS VORTEX PAIRLY QUICKLY,
PROBABLY DUE TO OUR NEW (
EXCEED 6. DEGS. WE RECOVERED PROM THIS ROLL ON A HDG OF ABOUT 080
DEGS AND DECLARED A MISSED APCH. TWR ASKED IP WE COULD ENTER A
BASE FOR RWY 31R AND LAND. WE DID, AND LANDED WITHOUT FURTHER
INCIDENT. THE LGT HAD OBVIOUSLY BEEN VERY HIGH ON MIS APCH FOR
SOME REASON, POSSIBLY AN BARLIER TCASII RESOLUTION. OUR ATTN HAD
BEEN FOCUSED ON THE MLG WEZ WERE ORIGINALLY FOLLOWING, THUS I WAS
UNAWARE OF THE LGT'S GLIDE PATH. I PEEL SOMEONE (CTLRS) SHOULD
HAVE NOTICED THIS AND REALISED A WAKR ENCOUNTER WAS INEVITABLE.
SECONDLY, I FEEL THE LGT SHOULD BE CLASSIFIED AS A ‘HVY’ JET AND

INCREASED SPACING SHOULD BE USED.
t AN LTT WAS NEARLY UPSET BY THE WAKE

TURB OF AN LGT IN THE NIGHT TFC PATTERN.

SYNOPSIS

REFERENCE FACILITY ID
FACILITY STATE

UNCOMMANDED) HDG, AND OUR BANK DID NOT

DEW
TX

DISTANCE & BEARING FROM REF. 1 4,,S0

MSL ALTITUDE

3000, 3000

]




261809

9401

rLc A
rzg,uc.can. Fyic,F0; THWR,SUPVR;
X

DCA

pe

THR

DCA |

HDT, B757 OR A320

LOSS OF ACFT CONTROL
COCKPIT/FIC

FLC REGAINED ACIre CONTROL

ACCERSION NO.
DATE OF OCCURRENCE
REPORTED BY

PERSONS FUNCTIONS
FLIGHT CONDITIONS
REFERENCE FACILITY ID
FACILITY STATE
FACILITY TYPE
PACILITY IDENTIFIER
AIRCRAFY TYPE

ANOMALY DESCRIPTIONS
ANOMALY DETEC1OR
ANOMALY RESOLUTION

ANOMALY CONSEQUENCES NONE
RARRATIVE AFTER AN OTHERWISE NORMAL ILS Apcs, we (MBY)

EXPERIENCED RATHER SEVERE WAKE TURB AT APPROX 100 FT AGL.
FULL AILERON DEFLECTION WAS NECESSARY TO CORRECT FOR THE ROLL
AND GAR MANEUVER, [WHICH) WAS IMMEDIATELY EXECUTED. THE
PRECEDING ACFT (TYPE UNKNOWN) WAS WELL CLR OF THE RWY AND THE
APCH SPACING SEEMED ADEQUATE, BASED UPON TCAS II INDICATIONS.
THE WX AY THE TIME WAS 400 FT CEILING, 2 XI VISIBILITY AND
CALM WINDS. I SUBSEQUENTLY BECAME AWARE OF OTHER RPTS, AND
EVEN ACCIDENTS, CAUSED BY B757 TYPE ACFT. PERHAPS THIS
OCCURRENCE SHOULD BE ADDED TO THE LIST. (AFTER SPEAKING WITH
THE DCA TWR SUPVR LATER THAT EVENING, HE SAID THAT THERE WAS
NO WAY 7O DETERMINE THE TYPE OF ACFT THAT WE FOLLOWED FROM AN
OP EARLIER THAT DAY. HOWEVER, 1 DO RECALL S8EEING A HBVY TYPE
ACFT (I.E., B757, A320, ETC.) ON DOWNWIND PRIOR TO STARTING

THE APCH.)
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Appendix I

Risk Analysis of Airplane Pairs

A simplified approach for determing the relative risk of wake vortex
upset for various airplane pairs is presented. It is assumed that the airplanes
in each pair are separated by the same distance. A risk factor is calculated by
dividing the circulation of the leading airplane by the weight of the trailing
airplane. The calculated risk factors are then compared.

I'p leader

- risk factor
W follower

circulation factor

Ry ll}p
P
W = landing weight (tbs)
\'
b

= velocity (knots)

w = wing span (ft)

|
F~ 9b

Airplane w Vv rp
747 664,000 140 20.66
767 198,000 140 11.31
Citation 13,600

The risk of a wake vortex upset for a Citation 3 nm behind a B-767 is
8.05 (0.838/0.104) times greater than the risk for a B-767 that is 3 nm behind
a B-747.

! Rp x 1000 = (20.55/198,000) x 1,000 = 0.104.
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