Bureau de la sécurité des transports
du Canada

Transportation Safety Board
of Canada

AVIATION OCCURRENCE REPORT
A97H0011

LOSS OF CONTROL ON GO-AROUND
(REJECTED LANDING)

AIR CANADA CANADAIR CL-600-2B19 C-FSKI
FREDERICTON AIRPORT, NEW BRUNSWICK
16 DECEMBER 1997

[ b

Canada






Bureau de la sécurité des transports
du Canada

Transportation Safety Board
of Canada

The Transportation Safety Board of Canada (TSB) investigated this occurrence for the purpose of
advancing transportation safety. It is not the function of the Board to assign fault or determine civil
or criminal liability.

Aviation Occurrence Report
Loss of Control on Go-around (Rejected Landing)

Air Canada Canadair CL-600-2B19 C-FSKI
Fredericton Airport, New Brunswick
16 December 1997

Report Number A97H0011

Synopsis

Air Canada Flight 646, C-FSKI, departed Toronto-Lester B. Pearson International Airport,
Ontario, at 2124 eastern standard time on a scheduled flight to Fredericton, New Brunswick. On
arrival, the reported ceiling was 100 feet obscured, the visibility one-eighth of a mile in fog, and
the runway visual range 1200 feet. The crew conducted a Category I instrument landing system
approach to runway 15 and elected to land. On reaching about 35 feet, the captain assessed that
the aircraft was not in a position to land safely and ordered the first officer, who was flying the
aircraft, to go around. As the aircraft reached its go-around pitch attitude of about 10 degrees,
the aircraft stalled aerodynamically, struck the runway, veered to the right and then
travelled—at full power and uncontrolled—about 2100 feet from the first impact point, struck a
large tree and came to rest. An evacuation was conducted; however, seven passengers were
trapped in the aircraft until rescued. Of the 39 passengers and 3 crew members, 9 were seriously
injured and the rest received minor or no injuries. The accident occurred at 2348 Atlantic
standard time.

Ce rapport est également disponible en frangais.
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FACTUAL INFORMATION

1.0  Factual Information
1.1 History of the Flight

Air Canada Flight 646, a Canadair CL600-2B19 Regional Jet,' departed Toronto-Lester B. Pearson
International Airport, Ontario, at 2124 eastern standard time (EST)? on a scheduled flight to
Fredericton, New Brunswick. On board were two flight crew, one flight attendant, and

37 passengers plus two infants. The first officer, in the right-hand seat, had been assigned the
pilot-flying (PF) responsibilities for this flight. The forecast and reported weather for the
Fredericton Airport for the time of arrival was vertical visibility of 100 feet and horizontal
visibility of one-eighth of a mile in fog. The runway visual range (RVR) was 1200 feet for the
landing on runway 15 with the runway lights set to strength 5.

The flight was unremarkable until the aircraft was on final approach to the Fredericton airport.
The autopilot was controlling the aircraft based on commands from the crew, the flight
management system, and signals from the ground-based instrument landing system (ILS) for
runway 15 at Fredericton. The aircraft’s landing lights were on for the approach and landing.
The captain saw the glow from the runway approach lights through the fog at about 300 feet
above ground level (agl), 100 feet above decision height for the approach. At decision height, 200
feet above the runway, the captain, the pilot-not-flying (PNF), called the lights in sight and the
first officer responded that he was landing. The first officer disconnected the autopilot, at about
165 feet above ground, to hand fly the rest of the approach and landing.

After the autopilot was disconnected, the aircraft drifted above the glide path, and twice the
captain coached the first officer to get the aircraft down to the glide path. The first officer
reduced thrust in response to the captain’s first mention to get the aircraft down, and he
reduced thrust to idle at about 80 feet agl. Moments later, the captain, aware that the aircraft was
left of the centre line but not knowing the distance travelled down the runway, and not sure
that a safe landing could be made, ordered a go-around, which the first officer acknowledged.
The thrust levers were advanced, the first officer selected the go-around mode for the flight
director, and he started to increase the pitch of the aircraft to the command bar indications, 10
degrees nose up. About one second after the first officer acknowledged the

go-around, the stick shaker (stall warning) activated. As the aircraft reached 10 degrees nose up,
about one and one-half seconds after the stick shaker activated, the captain called flaps and
selected them to the go-around setting, the warbler tone associated with the stall protection
system (SPS) sounded, and the aircraft stalled aerodynamically. The aircraft rolled right to
approximately 55 degrees of bank, and the right wing tip contacted the runway about 2700 feet

! Referred to as CL-65, Canadair Regional Jet (CR]J), and CL600-2B19 in various
publications, the aircraft is hereafter referred to as the CL-65, unless quoting.

See Appendix E—Glossary for abbreviations and acronyms.
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from the threshold and 45 feet left of the
centre line, the right wing tip bending
upwards about four feet from the tip. The
aircraft rolled left toward wings level, then,
about 260 feet further down the runway,
struck it again, this time banked about 20
degrees to the right with the nose down
about 12 degrees. The nose wheel
assembly broke off, the right winglet broke
off, the radome and underside of the nose
cockpit area were heavily damaged, and
electrical power, except for emergency
lighting, was lost. The aircraft rolled left
onto its main wheels and, with the engines
now at full power, departed the right side
of the runway just past the intersection
with runway 09/27. The aircraft plowed
through the snow, on its main wheels,
until it struck a ditch parallel to and about
200 feet from the runway. The tracks in the
snow past the ditch were much lighter
than the tracks left by the main wheels.
These marks were made by flap fairings

Galley

Tree entry area —
Attendant’s seat

7 ) (deployed)

Passenger door
Tree

Emergency exit~__4 w Emergency exit

Figure 1 - Aircraft interior

and aircraft equipment dangling on wiring still attached to the aircraft. The marks show that the
aircraft became airborne after striking the ditch, very low to the ground, and flew in an arc to
next strike a sand hill about 1000 feet right of the runway. Ground marks made by the aircraft
were largely obliterated by traffic during the rescue, and it could not be determined where the
aircraft first hit the hill; however, there were pieces of the aircraft near the bottom of the hill. At
the top of the hill, the aircraft slewed to the right, struck some trees, one approximately

22 inches in diameter, and came to rest. The aircraft stopped on a heading of 314° magnetic,
about 1130 feet west of the runway and 2100 feet from the first impact point on the runway. See

diagram at Appendix B1.

The right engine stopped at the top of the hill. The left engine continued to run for a few
minutes to 15 minutes (by witness accounts), and the captain finally managed to shut it down
with the engine thrust lever. After the aircraft struck the runway and during its excursion, the
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crew were not able to control the aircraft because of the darkness inside and outside the aircraft,
aircraft damage, disorientation, and the roughness of the ride. There was no post-crash fire. The
time of the accident was 2348 Atlantic standard time(AST).?

An emergency evacuation of the aircraft was conducted. Seven passengers had to be extricated
from the aircraft by emergency response personnel, the last one at 0234. Of the 42 persons on
board, 35 were sent to hospital, and 9 were hospitalized.

1.2 Injuries to Persons
e
Crew Passengers Others Total
Fatal 0 0 0 0
Serious 1 8 0 9
Minor/None 2 31 0 33
Total 3 39 0 42

1.3 Damage to Aircraft

The aircraft remained generally intact, with no damage to the empennage and damage to the
top of the aircraft limited to the tear caused by the large tree. Damage to the wings was limited
to an indentation on the leading edge of the left wing, caused by striking either the ground or a
tree, and the inboard flaps were damaged by ground contact. The winglet of the right wing bent
upwards on runway contact but remained attached to the wing until just before the aircraft
stopped. The underside of the cockpit and nose area, back to the avionics bay door, was
demolished by the departing nose gear and contact with the runway and ditch. The wreckage
trail was strewn with electronic equipment and structure from the nose area, and with the three
landing gear and associated structures. The underside of the aircraft, from the landing gear area
aft to the rear fuselage equipment bay door, was damaged by the separating landing gear and by
impacts with the ditch and the hill. The aircraft struck the tree at the passenger door, the tree
remaining intact. As the aircraft moved forward, the tree cut through the aircraft cabin to a point
about nine feet aft of the door, just left of the centre line of the aircraft. Apart from damage
where the tree had torn through the aircraft, the rest of the cabin floor, seat rails, seats, and
overhead bins showed no signs of deformation or damage. The area of the aircraft ahead of the
galley, looking forward, was twisted counter-clockwise a significant amount.

’ All times are AST (coordinated universal time minus four hours) unless otherwise

noted.
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1.4 Other Damage
There was no other damage except to some vegetation where the aircraft stopped.
1.5 Personnel Information

1.5.1 General

Captain First Officer
Age 34 26
Pilot licence Airline Transport Airline Transport
Medical expiry date June 1998 June 1998
Total flying hours 11 020 3225
Hours on type 1770 60
Hours last 90 days 217 60
Hours on type last 90 days 217 60
Hours on duty prior to occurrence 7 7
Hours off duty prior to work period 17 24

1.5.2 Captain

The captain began his flying training in 1979, enrolled in the Seneca College of Applied Arts and
Technology in 1982, and graduated in May 1985 with an Aviation Flight Technology Diploma.
Between June 1985 and May 1987 he worked at Pem Air, beginning his employment as a flight
instructor and finishing as Senior Base Captain and Manager of the flight school. In May 1987
the captain moved to Voyageur Airways, where he flew the King Air BE-100 aircraft as a line
pilot and performed the duties of training captain for all BE-100 crews. He joined Air Nova in
May 1988 flying DHC-8 aircraft, starting as a first officer and progressing to captain and training
pilot. He flew for Air Nova for seven years, six years as a captain. In June 1995 he joined Air
Canada as a first officer on the CL-65. He was promoted to captain in October 1996, and in
October 1997 he qualified to carry out the duties of a line indoctrination captain. Of his

1770 hours on the aircraft type, just over 975 were as captain.

At the time of the occurrence, the captain held a valid Category I medical certificate and a Group
I instrument rating, in effect until September 1998. His last Pilot Proficiency Check (PPC) was
conducted in July 1997, and was valid until January 1998. He was qualified for Category II
landings.
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1.5.3 First Officer

The first officer attended Seneca College of Applied Arts and Technology, graduating May 1993
with an Aviation Flight Technology Diploma. In May 1993 he was hired by the Toronto Flight
Centre as a flight instructor on Cessna aircraft. In February 1995 he moved to ATR Inc., a
Toronto Island-based charter company. He was both a charter pilot and a flight instructor for
ATR until February 1996, when he joined Grand Aviation. While at Grand Aviation, he was a
charter pilot on a Piper Cheyenne II. In September 1997, he became a first officer on the CL-65
with Air Canada, completing 85 hours of ground school training and 36 hours of simulator
training, including his PPC and an instrument flight test. Between November 22 and December
5 he accrued just over 29 hours’ flight time during line indoctrination. During those flights he
flew 10 legs as PF and 7 as PNF. Following his line check on December 9 he was qualified to fly
as first officer on the aircraft. His remaining hours on type were accrued between December

10 and 16.

At the time of the occurrence the first officer held a valid Category I medical certificate and a
Group I instrument rating, in effect until June 1998. His initial CL-65 PPC was conducted in
November 1997, and was valid until June 1998. He was qualified to perform the duties of the
PNF for Category II landings. He also held valid instructor and aerobatic instructor ratings.

1.5.4 Cabin Crew

The cabin crew comprised one flight attendant, seated in the assigned jump seat (L1 door) at the
time of the occurrence. He had approximately 28 years’ experience with Air Canada, two of
which were on the CL-65 aircraft, and was qualified on all other aircraft in the Air Canada fleet.
Coincidently, an Air Canada CL-65 flight attendant was travelling as a passenger (Seat 3E). She
had been with Air Canada for one and a half years and was qualified on all aircraft flown by Air
Canada.
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1.6 Aircraft Information

1.6.1 General

Manufacturer Bombardier Inc., Canadair

Type and model CL-600-2B19

Date of manufacture April 1995

Serial number 7068

Certificate of Airworthiness (Flight Permit) 19 May 1995

Total airframe time (hours) / Cycles / Landings 6061.23 /5184 / 5135

Engine type (number of) General Electric, Model CF34-3A1 (2)
Maximum allowable take-off weight 51 000 pounds (23 133 kilograms)
Recommended fuel type(s) Jet A, Jet A1, JP5, JP8, Jet B, JP4

Fuel type used Jet Al

The amount of fuel removed from the aircraft after the occurrence was 2230 litres (1825 kg), and
baggage off-loaded weighed 1064 kg. The estimated weight at the time of the occurrence was
44 180 pounds (20 036 kg) based on the planned take-off weight of 22 000 kg from Toronto and
the fuel burn estimated from fuel-flow data on the flight data recorder (FDR). Documented data
and calculations show that the aircraft was within the weight and centre of gravity limitations
for the entire flight.

1.6.2 Aircraft Systems
1.6.2.1  Flight Director

The CL-65 automatic flight control system (AFCS) is an integrated autopilot and flight director,
the flight director providing visual guidance by means of a magenta “V” bar on the attitude
director indicator. The crews use the V-bar guidance to fly the aircraft in response to the pitch
and roll guidance commands generated by the flight control computers. The flight director
system provides commands to perform the following vertical modes: pitch, holds a desired pitch
attitude; take-off, generates a 15-degree pitch-up command, changing to 10 degrees if there is a
loss of an engine; altitude preselect; altitude hold; speed; vertical speed; glide-slope; and go-
around, generates a 10-degree pitch-up command. At a given time, the flight director can
command one vertical and one lateral mode.
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The aircraft operating philosophy stresses that flight director commands be followed for
effective flight control. However, using the command bars as the sole guidance for vertical
modes does not always ensure safe flight and, for that reason, additional guidance is provided in
operating limitations and standard operating procedures (SOPs) to ensure that the aircraft stays
within its certified flight envelope. Pertinent to this occurrence, in the go-around mode, pitch
guidance did not take into account aircraft configuration, airspeed, angle of attack (AOA), or
other performance parameters. Such an arrangement is common, and certification and
equipment standards do not require that flight director guidance be linked to performance
parameters.

The ground proximity warning system in the CL-65 has been programmed to detect wind shear,
and escape guidance is then generated by the flight control computer. The escape guidance is
based on inputs of airspeed, AOA, aircraft pitch, radio altimeter height, and flap configuration,
with the output generated on the flight director command bars. Escape guidance pitch
command limits are based on aircraft altitude and AOA. Below 50 feet, the pitch command is
limited to the stall warning (stick shaker) AOA, while between 50 and 400 feet, the command is
limited to two degrees less than the stall warning AOA. Pitch-limit (alpha-margin) indicators
appear on the primary flight display depicting the amount of pitch attitude change that can be
made before the airplane reaches the stick shaker AOA. There are no similar computations or
indications when go-around is selected; the command bars indicate 10 degrees nose-up.

1.6.2.2  Stall Protection System

During the initial stages of an aerodynamic stall of the CL-65, the local airflow separation on the
wing is minimal, and the level of buffet from the airflow separation cannot be considered a
significant cue to stall warning. Because of its lack of normal stall warning, the aircraft was
equipped with an SPS. The SPS comprises a stick shaker device to indicate that the stall speed is
being approached and a stick pusher to cause the aircraft to pitch down, if necessary, to keep the
aircraft from actually stalling.

AOA information is obtained from two AOA vanes, one on each side of the nose of the aircraft.
The SPS computer, with two independent channels, uses this AOA information, combined with
Mach, flap position, and lateral acceleration to signal the crew of impending stall and to prevent
the aircraft from entering a stall. When the AOA is changing, the computer notes the rate of
change and, if necessary, applies a correction to activate the protection system ahead of its
normal trip points.

When the aircraft is airborne, the SPS computer continuously monitors inputs to determine the
SPS AOA trip points. There are three trip points, each at a higher AOA, which initiate the
following actions:

— Auto-ignition—when either AOA vane reaches this trip point, continuous engine
ignition is activated as a precaution against engine flame-out at high aircraft AOA.

TRANSPORTATION SAFETY BOARD



8

FACTUAL INFORMATION

—  Stick shaker—when either AOA vane reaches this trip point, the respective shaker is
activated and the autopilot is disengaged. Because the control columns are
interconnected, the shaking can be felt on both control columns.

—  Stick pusher—when either AOA vane reaches this trip point, the warbler sounds and
the STALL/switch lights on the glareshield panel flash red. The pusher activates when
both AOA vanes reach the pusher trip points.

The stick pusher mechanism is designed to prevent the aircraft from entering an aerodynamic
stall by applying a control column force to pitch the aircraft nose down as the aircraft reaches its
computer-calculated pusher (stall) AOA. The Canadair Regional Jet Airplane Flight Manual (AFM)
contains a chart (page 06-01-23) which allows calculation of the aircraft stick pusher (stall) speed
for various aircraft weights. For 44 180 pounds, the aircraft’s estimated weight at the time of the
accident, with the flaps set at 45 degrees and the landing gear down, the pusher activation speed
would have been about 109 knots calibrated (109 knots indicated) at one g. At the moment of the
aerodynamic stall, the aircraft was at a g loading of about 1.227, and the pusher activation speed
would have been about 120 knots, the natural stall speed would have been about 116 knots, and
the pusher activation AOA would have been about 13.5 degrees.* At the moment of stall, the
flaps had retracted a few degrees from 45 and the g was increasing, both of which would cause a
slightly higher pusher activation speed; however, there would be no effect on the pusher
activation AOA.

Information from the flight recorders indicates the following events occurred during the
attempted go-around: the stick shaker activated when the aircraft was at 129 knots as the pitch
was being increased through 4 degrees; and the right roll and stall onset occurred and the
warbler tone activated when the aircraft was at 124 knots and with the pitch at 9.7 degrees. At
the time the warbler sounded, the left and right AOA vane readings were approximately

8.7 degrees and 9.4 degrees, respectively. The pusher did not activate because, while the right
AOA reached its trip point, the left AOA did not.

1.6.2.3  Airspeed Indications

The aircraft is equipped with dual air data computers that use pitot and static pneumatic inputs
and total air temperature data to produce the following airspeed information, displayed on the
left side of the primary flight displays: indicated airspeed, indicated Mach, airspeed trend vector,
maximum speed (Mach and indicated airspeed), over-speed warning, stall margin, and stall
warning.

! Calculations by Bombardier Inc.

TRANSPORTATION SAFETY BOARD



FACTUAL INFORMATION

Indicated airspeed is presented as a white moving tape with a fixed pointer that indicates
current airspeed. A magenta trend vector indicates predicted airspeed within the next

10 seconds. The magenta airspeed reference bug moves along the airspeed tape as set by the
pilot using the speed knob. The reference bug spans five knots either side of the centre pointer,
and is the primary speed reference; standard operating procedures require that the bug be set to
the appropriate target speed for all phases of flight. A red/black checkerboard band is displayed
on the speed tape, starting from the calculated stall speed to the bottom of the tape, and acts as a
cue that the aircraft speed is getting low. Prior to descent, the Vo and V, are set by the pilot
and are displayed in cyan on the airspeed tape. Vi is the single-engine climb speed, and V, is
the take-off safety speed, both used if conducting a go-around but not used during a normal
approach. On final approach, the airspeed reference bug is set to Vg plus Factor.>

The expected landing weight was 20 200 kg (44 530 lbs). The V1 was set to 173, and
V, set to 145, the take-off safety speed for flaps 8 and, on final approach, the airspeed reference
bug was set, in accordance with Air Canada’s SOPs, to 144 knots (Vygp plus 5 knots).

1.6.2.4  Flaps

The CL-65 is equipped with double-slot type flaps that are moved by two electric motors in
response to the flap lever commands; one flap motor will operate the flaps at reduced speed.
The flap setting for the landing configuration is 45 degrees. During a go-around the flaps are
selected to the 8-degree position. The flaps move at a constant speed, taking about 13.5 seconds
for the flaps to move through the 45 degrees during retraction and extension. It takes about

11 seconds for the flaps to move from 45 to 8 degrees.

FDR data indicate that the flaps started travelling up from 45 degrees coincident with the
captain calling “FLAPS” and the warbler tone sounding. When the aircraft was examined
following the accident, the flaps were found at 24 degrees.

Vrgr is a landing reference speed based on the aircraft’s weight and configuration.
The Factor, for Air Canada CL-65 operations, is 5 knots plus half of the wind gust that

exceeds 10 knots. The Factor is always a minimum of 5 knots and normally a maximum
of 10 knots.

TRANSPORTATION SAFETY BOARD
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1.7 Meteorological Information

1.7.1 General

The aftercast produced by the New Brunswick Weather Centre, Environment Canada, indicated
that on the evening of 16 December 1997 a warm front moved across New Brunswick. Stratus
and extensive fog persisted in the warm sector for the remainder of the night. Satellite
information for the period of 16/1400 to 17/0800 shows that the warm front progressed over New
Brunswick as predicted and that the trailing, weak cold front remained west of the region
during the period.

1.7.2 Forecast Weather

The clouds and weather area forecast issued at 16/1930 for the warm sector in New Brunswick at
the time of the accident was for scattered, occasionally broken cloud based at 3000 feet above sea
level (asl) topped at 5000 feet, a scattered layer at 8000 feet topped at 12 000 feet, with high
scattered cloud above and visibility 6 statute miles (sm). The forecast also included patchy
stratus cloud ceilings 200 to 600 feet agl, and visibility 1 to 3 miles in fog/mist, especially in
low-lying areas.

The following terminal area forecast for Fredericton, issued at 16/1840 and valid for the period
16/1900 to 17/0700 was provided to the crew in their pre-flight briefing package:

—  forecast winds from 180 degrees at 5 knots, visibility 6 sm, scattered clouds at 1000 feet
agl, broken clouds at 4000 feet; temporary conditions between 16/1900 and 16/2100 of
1.5 miles visibility in light snow showers and overcast cloud at 400 feet agl.

- from 16/2100 the winds would be from 200 degrees at 6 knots, visibility 6 sm, scattered
cloud at 400 feet and broken clouds at 2500 feet; temporary conditions between
16/2100 and 17/0200 broken cloud at 400 feet and overcast clouds at 2500 feet,
becoming between 17/0100 and 17/0300 winds 240 degrees at 8 knots.

The following 16/2139 amended forecast for Fredericton, valid between 16/2100 and 17/0700, was
provided to the crew at 16/2310 by the Air Canada dispatcher using the automated aircraft
communications and reporting system (ACARS):

—  winds variable at 3 knots, visibility ¥4 mile in fog, vertical visibility 100 feet, with
temporary conditions between 16/2100 and 17/0700 visibility 4 sm, scattered clouds at
400 feet, and broken clouds at 1500 feet.

7 Although weather information is normally given in UTC, for ease of understanding, all

times have been changed to AST; AST = UTC minus 4 hours.
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1.7.3 Actual Weather

The accident occurred at 2348. The actual weather for Fredericton was reported as follows: at
2125, 2149, and 2200 the wind was calm, visibility ¥4 sm in fog, vertical visibility 100 feet,
temperature -8°C, dew point -8°C, remarks 8/8 sky coverage in fog. At 2300, 2357, and 2400 the
conditions were the same except the visibility was reported as '8 sm in fog, and at 2300 the RVR
for runway 15 of 1000 feet was included.

Following the flight's departure from Toronto, an Air Canada dispatcher provided weather
updates to the crew via the ACARS; the 2300 weather was passed to the crew by ACARS at 2310.
In addition, the crew was provided with the weather information by air traffic control. At 2328
they received from the Flight Service Station (FSS) specialist: 2300 wind calm, visibility s,
RVR15 1000 feet in fog, vertical visibility 100 feet, temperature -8°C, dew point -8°C, altimeter
29.82. At 2328 the RVR was 1400 feet with light setting 5. At 2335, 2341 and 2346 the RVR15 was
passed as 1200, with light setting 5.°

Based on the FDR data, the winds on final were calculated to have been 238° magnetic at
34 knots at 1000 feet asl, 246° at 17 knots at 500 feet, and 256° at 10 knots at 200 feet.

The weather at the crew’s alternate airport, Saint John, at 16/2300 was reported as visibility

8 miles, a few clouds at 300 feet, broken cloud at 1400 feet, temperature +3°C, dew point +2°C,
altimeter setting 29.82 inches. The weather at 16/2400 was reported as visibility 8 sm, overcast
cloud at 1800 feet, temperature +3°C, dew point +1°C, altimeter setting 29.80.

1.7.4 Icing Conditions

The area forecast for the New Brunswick area behind the warm front indicated that, for the time
of the occurrence, there would be light, occasionally moderate icing in cloud. The freezing level
would be at the surface, with above-freezing layers between 3000 and 6000 feet asl. The Caribou,
Maine, tephigram’ for 16/2000 indicated a sharp temperature inversion aloft. The upper-level
winds forecast for the Fredericton area, valid for use between 16/1700 and 17/0200, indicated
above-freezing temperatures up to and including 9000 feet asl. The Surface Weather record for
Fredericton indicates that at 16/2300 the dry-bulb/dew-point temperatures were -7.7°C/-8.3°C,
and at 16/2357, -7.6°C/-8.1°C.

s Transport Canada and NAV CANADA both informed the TSB that an incorrect
observation entry for Fredericton was made to the weather information system. With a
temperature of -8°C, what was reported as fog should have been reported, in the
current weather reporting system, as freezing fog.

Graphical plot of atmospheric temperature and entropy.
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The crew reported that the flight was not in cloud until the final stages of the approach into
Fredericton, where they entered cloud at between 500 and 1000 feet agl, and that there were no
indications of icing throughout the flight. In the two hours before the occurrence, two flights
had landed at Fredericton in similar weather conditions. During the investigation, the crew of
one flight indicated that on final approach, after entering cloud, there was some light icing, and
after landing there was some light rime icing on the leading edge of the wing. The crew of the
other flight did not see ice during the approach or on the wings after landing. A person driving
from Edmundston to Fredericton on the evening of the accident reported encountering freezing
fog north of Fredericton.

1.8 Aids to Navigation

The airport is served by a VOR (very high frequency omni-directional range) and a non-
directional beacon. They provide for non-precision approaches to runways 09, 15, and 27.
Runway 15 is also served by an instrument landing system (ILS) that provides a Category I
approach, the only precision approach to the airport (Appendix A). The ILS decision height is
200 feet above the touchdown elevation. The FSS is equipped to monitor and control the ILS,
and there were no abnormalities displayed at the time of the occurrence. A special flight check,
conducted by NAV CANADA on December 17, showed the ILS to be operating normally.

Air Canada CL-65 aircraft are equipped with: dual VHF (very high frequency) radios, providing
VOR, localizer, glide slope, and marker-beacon information; dual ADF (automatic direction
finder); dual DME (distance measuring equipment) navigation systems; and an ATC (air traffic
control) transponder system. The aircraft is also equipped with weather radar, TCAS
(traffic-alert and collision-avoidance system), ground proximity warning system, and an FMS
(flight management system). The FMS is an integrated navigation system that provides
point-to-point and great-circle navigation using its integral data base, dead reckoning, and VOR
and DME information.

The crew used the FMS for the en route portion of the flight and for the descent to the approach,
and flew the ILS Rwy 15 approach at Fredericton. The crew reported that all aircraft and ground
systems were functioning normally.

1.9 Communications

The aircraft is equipped with dual VHF communication radios; both radios functioned normally
during the flight.

The aircraft is also equipped with an aircraft communications and reporting system (ACARS),
used by Air Canada operations to monitor flight progress and to communicate between the
flight dispatch centre and the aircraft. The ACARS aircraft-based and ground-based systems
functioned normally throughout the flight.
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During the arrival of Flight ACA646, communications were normal and appropriate between the
flight crew and the FSS specialist. Weather information was passed to the crew in a timely
manner.

1.10  Aerodrome Information

1.10.1 General

The Fredericton airport is certified, operated by Transport Canada, and meets current
regulations as specified in the Canadian Aviation Regulations (CARs). The airport is now
uncontrolled, in that there are no longer tower controllers at Fredericton to control local air or
ground traffic; however, there is still a control tower structure at the airport. FSS specialists
operate 24 hours a day, every day, out of the tower. The airport has two runways, 15/33, which is
6000 feet long, and 09/27, which is 5100 feet long; both are 200 feet wide and asphalt surfaced.

1.10.2  Runway Lighting and Runway Visual Range

Runway 15 is equipped with high intensity approach lighting with runway alignment indicator
lights, threshold and runway end lights, and high intensity runway edge lights. The intensity of
these light systems can be varied from a setting of 1 to 5, with the lights brightest at setting 5. At
the time of arrival of ACA 646, the lights were at setting 5. All lighting was reported to be
working at the time of the accident.

RVR equipment is installed for runway 15, with the optical equipment located near the ILS
installation on the south side of runway 15, approximately 1100 feet from the threshold. A
computer combines information from the ambient light sensor and the runway light intensity
setting to produce a visibility value, in feet, that is displayed at the operations console in the FSS.
The RVR is displayed in 200-foot increments from a minimum value of 600 feet to 4000 feet, and
in 500-foot increments above 4000 feet to a maximum value of 6000 feet. There is no recording
capability for storing past RVR values, but the RVR equipment does display, record and store
error messages. There were no recorded error messages at the time of this accident.

1.10.3  Runway Condition

A snow- and ice-control crew was on duty on the night of the occurrence. The last full runway
length James Brake Index (JBI) reading on runway 15 had been completed about 50 minutes
prior to the arrival of ACA 646; the JBI was .48." At the time, the runway was 60 per cent bare

10 AJBI of 0 to .05 would be equivalent to the braking action while hydroplaning, while a

bare and dry runway would have a JBI of .8 to 1.0.
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and dry and 40 per cent covered with ice patches. The runway was then sanded, and an
abbreviated JBI reading was taken in the touchdown area for runway 15 a few minutes prior to
the arrival of ACA 646; the JBI was .40. This information was passed to the crew of ACA 646.

1.10.4  Air Traffic Services

Instrument flight rules (IFR) ATC services for the Atlantic region, which includes the Fredericton
area, are provided by controllers in the Moncton Area Control Centre (ACC). The crew of

ACA 646 was provided with appropriate clearances and airport information by the Moncton
ACC controller. Once ACA 646 was established on final approach 18 miles northwest of the
airport, the pilot was instructed to contact Fredericton FSS.

The Fredericton FSS specialist, located at the airport, is responsible for providing airport
advisory service to pilots; ground vehicle control service; operation of runway, approach, taxi,
and other airport lighting; 24-hour weather observations; NOTAM service; VER alerting service
for the Fredericton control zone; and support, monitoring, and serviceability reporting in
accordance with established agreements. Staffing was in accordance with local policies and was
compatible with the workload.

The specialist working on the night of the accident was qualified and certified. He had over

19 years’ experience in FSS operations and had been working at Fredericton for the past two
years. He had been on duty since 2000 and was working alone. There was no other air traffic in
radio communication with the FSS, and all vehicles were clear of runway 15. The FSS specialist
had passed to the crew of ACA 646 all information required by rules and procedures governing
FSS operations.

Once contacted by ACA 646, the specialist advised the crew of the weather and runway
conditions at the Fredericton airport. When ACA 646 reported nine miles on final approach, the
specialist issued the latest runway conditions as received from the airport maintenance foreman
and confirmed that runway 15 was clear of all vehicles. The last radio contact between the FSS
and ACA 646 was when the aircraft reported abeam the Fredericton NDB and was provided a
wind check (calm) and an RVR reading of 1200 feet with approach and runway lights set at
intensity 5 (maximum). No other communications were expected until the aircraft landed or
commenced a missed approach. When the expected arrival time had passed and nothing further
from ACA 646 was heard by the specialist, he conducted a communications search, coordinated
with Moncton ACC, and initiated a runway search by airport maintenance and emergency
response workers.

At uncontrolled airports, the pilots of all aircraft are responsible for providing their own
separation from other aircraft, and they make their decision to take off or land based on known
traffic and the suitability of the runway: the pilots do not require a clearance to take off or land.
At controlled airports, tower controllers provide the same advisory service as would an FSS
specialist; however, a pilot is not allowed to take off or land until cleared to do so by the

TRANSPORTATION SAFETY BOARD



FACTUAL INFORMATION

controller, based on knowledge of other ground and air traffic. For ACA 646, on an IFR flight, the
issuance of landing clearance would have been the only additional communication had there
been a tower controller at Fredericton rather than a FFS specialist. In this instance, a tower
controller undoubtedly would have cleared ACA 646 to land, as there was no valid reason for
not doing so.

1.11  Flight Recorders
1.11.1  General

The flight data recorder (FDR) and cockpit voice recorder (CVR) were recovered from the
wreckage by the TSB and taken to the TSB Engineering Branch for playback and analysis. Both
were undamaged and contained good data.

1.11.2  Flight Data Recorder

The FDR is a Loral F1000 solid state recorder, part number S800-2000-00, serial number 00943.
The recording contained just over 60 hours of information. The TSB’s Recovery, Analysis and
Presentation System was used to recover the entire occurrence and previous flights from the
FDR. The occurrence flight data were found to be of very good quality and contained no
synchronization drop-outs or data losses prior to the second runway impact. Approximately
four seconds after the time of the second impact, there was a loss of data estimated to be a few
seconds in duration. The loss of FDR data was likely due to a power interruption and/or data
acquisition system damage due to subsequent impact with the ground, likely the ditch. The
landing data were provided to the FDR manufacturer who, using manual data recovery
techniques, recovered approximately the last five seconds of data following the data loss.

Some of the last-recorded data appear to be valid despite the probable influence of impact
damage; the recorded left and right engine N, fan speeds are about 94% on the left and 92% on
the right. The last three recorded samples of heading, approximately 271°, did not match the
314° heading of the aircraft at rest, suggesting that the FDR stopped functioning just before the
aircraft came to rest. The flaps were found at the 24 degrees extended position, and the FDR
indicated that the flaps were retracting through approximately 28 degrees at the time of the data
loss. Given the unreliable data, it could not be determined precisely when the FDR stopped
functioning.

1.11.3  Cockpit Voice Recorder

The CVRis a Loral A100A, part number 93-A100-83, with serial number 62289. The CVR
recorded the captain, first officer and cockpit area microphone audio channels. The
communications were easily intelligible, primarily because the flight crew had their intercom
microphones on at all times.

TRANSPORTATION SAFETY BOARD
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The CVR recording was digitized into the TSB’s computer systems for analysis and transcription.
The recording began with the aircraft in cruise flight at FL330, approximately

15 minutes prior to descent, and ended approximately four seconds after impact with the
runway.

The CVR stopped recording at the time of the FDR data loss, approximately four seconds after
the second impact on the runway. The CVR was equipped with an impact unidirectional inertia
switch that opens, shutting off the CVR, if the aircraft experiences deceleration in the
longitudinal axis greater than two G; longitudinal decelerations at the second impact were less
than two G. It could not be determined whether the CVR stopped because of g loads or because
of damage as the aircraft struck terrain off the runway. The international flight recording
community considers the use of a G-switch to shut off the CVR an unreliable method of
stopping the CVR, and there is concern that a G-switch could prematurely stop the CVR."

1.11.4  Flight Reconstruction

A computer animation of the flight was developed to help determine the sequence of events and
to determine a time history of the aircraft’s position relative to the runway during the attempted
go-around. Information from the aircraft recorders, ATC, the pilots, and marks left on the
runway was used in the preparation of the animation.

Information from the flight reconstruction was used in the description of the flight and in the
investigation of operational and performance issues.

1.12  Wreckage and Impact Information

The galley service door could not be opened by investigators after the crash. Some panels were
removed and the door’s operating mechanism was examined and operated as much as it could
be. The mechanism was undamaged, and it operated normally until the rear corner of the door
contacted the aircraft skin, which prevented further movement of the door. Looking forward,
the cockpit area was twisted counter-clockwise with respect to the cabin, probably a result of
impact with the tree. This twisting was enough to cause the door to be out of alignment and
jammed. It was concluded that the door would have operated normally had it not been jammed.

" Includes persons and groups from ICAO Flight Recorder (FLIREC) Panel, International

Society of Air Safety Investigators, and European Civil Aviation Electronics
(EUROCAE), an organization, with world-wide participation, setting performance
specification guidelines for flight recorders.
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The aircraft flap selector was found selected to Flap 8 (go-around) position, and the flaps were
positioned at about 24 degrees. It was concluded that the flaps had not had time to move to

8 degrees before electrical power to the flaps was lost. The spoilers were retracted and seated
very close to being flush with the adjacent structure, and FDR data indicated that they were
retracted.

Both main landing gear had separated from the aircraft. The brackets that hold the pivot points
into the upper ends of the landing gear legs had fractured, allowing the upper ends of the
landing gear legs to slide cleanly away. This design minimizes damage to the wings during an
accident involving the landing gear to reduce the likelihood of fuel spillage from the wings, and
of fire. The nose gear and part of the strut assembly broke away on impact with the runway, and
the rest of the nose gear structure broke away at the ditch.

The positions of valves that govern the supply and distribution of engine bleed air were
checked: both 14" stage bleed air shut-off (supply) valves were open; both modulating/shut-off
valves for the wing anti-icing system were closed; and both pressure-regulating and shut-off
valves for the engine cowl anti-icing system were closed. These positions are those to which the
valves are designed to move when electrical power to the valves is removed. The anti-ice
switches were both OFF, which also coincides with the valve positions.

The instrument panel, especially the glass instrumentation, was substantially damaged by
impact forces; it was also somewhat damaged during the captain’s attempts to shut down the
left engine.

After the aircraft came to rest both engines were running at high power. The crew pressed the
tire switches to shut down the engines; however, the fire switches were inoperable as there was
no electrical power on the fli