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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. This
report is not created for use in the context of legal, disciplinary or other proceedings. See the Terms of use at
the end of the report.

History of the flight

At approximately 0947 on the morning of 12 September 2021, the Piper J3C-65 floatplane
(registration CF-SVT, serial number 14676) took off from the Batiscan River near La Seigneurie du
Triton outfitter, 25 nautical miles (NM) east-northeast of La Tuque Aerodrome (CYLQ), Quebec, for a
visual flight rules (VFR) flight to Saint-Etienne-des-Grés/Hydravion Adventure Water

Aerodrome (CHA2), Quebec. On board were the pilot, who was sitting in the rear seat, and a
passenger, who was sitting in the front seat. The plan was for the pilot to fly over the outfitter's
cottages after takeoff so that the passenger could take photos.

T All times are Eastern Daylight Time (Coordinated Universal Time minus 4 hours).
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After a southbound takeoff, the floatplane flew near the surface of the water (in ground effect?) to
reach the target climb speed of 70 mph more quickly. At approximately 4300 feet from the point of
departure, the floatplane, still in ground effect, banked right to avoid flying over a boat.
Approximately 2000 feet further (i.e. approximately 6300 feet from the point of departure), it climbed
slightly to approximately 100 feet above the river and began a 180° left turn toward rising

terrain (Figure 1). During the left turn, at a 45° bank angle,? its speed and altitude decreased. The pilot
lost control of the floatplane when it entered an aerodynamic stall, leading to an incipient spin. The
floatplane struck trees, then terrain in a vertical attitude.

Figure 1. Aerial photos illustrating the occurrence aircraft’s estimated flight path (Source of main image and
inset image: TSB)

Y

Individuals nearby went to the accident site. Emergency service assistance was requested. The pilot

received serious injuries, and the passenger received fatal injuries. They were both wearing their lap
belt. The aircraft was not equipped with shoulder harnesses, nor was it required to be by regulation.
The aircraft was destroyed by impact forces. There was no post-impact fire.

Ground effect means the aerodynamic force caused by the reduction of induced drag and resulting in an increase
in normal lift for an aircraft flying in close proximity to the surface of the ground orwater, and an increase in
aircraft performance. (Sources: TERMINAV, NAV CANADA's terminology database, and the Federal Aviation
Administration, FAA-H-8083-3C, Airplane Flying Handbook [2021], Chapter 6).

The TSB laboratoryretrieved data from the passenger’s cellphone, including a video that began after takeoffand
ended when the aircraft collided with the terrain. As seen in the video, the occurrence aircraft was over the river,
at approximately tree-top height, when a left turn at an approximately45°bank angle was initiated.
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Accidentssite and examination of the wreckage

The wreckage was found on the forest floor approximately 65 feet from the shoreline. Damage to the
trees around the accident site reflected the aircraft's vertical descent. The wings were partially
detached from the fuselage: the right wing was bent backward and the left wing had collapsed to the
ground. Damage to the wings and structure was caused by the force of the impact and the work done
by the first responders.

Control cable continuity was established. The deformation of the fuselage structure and the shifting of
objects within the aircraft are indicative of a major lateral force from right to left at the time of the
collision with the ground. The fuel tank located at the front of the fuselage was damaged, and less
than 25 L of aviation fuel (AVGAS) spilled fromit.

Pilotinformation

The pilot held the appropriate licence and ratings for the occurrence flight in accordance with existing
regulations. He held a commercial pilot licence — aeroplane and a Category 1 medical certificate, both
of which were valid. He had the following ratings: single-engine, multi-engine, Group 1 instrument,
and seaplane. At the time of the accident, he had accumulated approximately 1300 flight hours,
including 790 on floatplanes and 78 on the occurrence floatplane. The pilot had flown to this outfitter
once before, but he had never taken off southbound from this location on the Batiscan River.

Aircraftinformation

The occurrence Piper Cub J3C-65was Figure 2. Photo of the occurrence aircraft
manufactured in 1945 (Figure 2). It had a (Source: Don Hewins)

valid certificate of airworthiness* (A691 —
Normal) and was equipped with a Teledyne
Continental 90-hp C-90-12F engine. It had
accumulated 38625 flight hours since it was
manufactured and had no known
deficiencies before the occurrence flight.

The aircraft was equipped with EDO 60-1320
floats and had a maximum allowable take-
off weight of 1300 pounds. The weight and
balance calculation performed as part of this

investigation determined that the aircraft's
take-off weight was 1367 pounds for the occurrence flight. Wing loading® increases as the aircraft's
weight increases, which in turn increases the stall speed and reduces aircraft performance during a
climb.

In this 2-seat aircraft model, the pilot normally sits in the rear seat (with or without a passenger).
Therefore, with a passenger in the front seat, the pilot of the occurrence flight did not have a clear

4 Certificateissued by Transport Canada under section 507.03 of the Canadian Aviation Regulations.

> Wing loading is the ratio of the aircraft weight to the wing surface area.
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view of the airspeed indicator.® The aircraft was not equipped with a stall warning system, nor was it
required to be by regulation.

The occurrence aircraft had an automatic fixed emergency locator transmitter (ELT) (manufactured by
ACK Technologies Inc., model E-01) capable of broadcasting only on frequencies 121.5 MHz and

243 MHz. ELT signals on these frequencies can be detected by other aircraft and air traffic control
(ATC) that monitor these frequencies. However, these frequencies are no longer monitored by the
search and rescue satellite-aided (SARSAT) system at the Joint Rescue Coordination Centre / Canadian
Mission Control Centre in Trenton, Ontario. In this occurrence, although the ELT and antenna had
been working properly, no ELT signal was reported on 121.5 MHz or 243 MHz, by aircraft or by ATC.

Weather information

Weather conditions were favourable for this VFR flight, but a cold front was moving in from the west.
Veering’ of the wind as a cold front passes causes a wind that is initially from the south to gradually
shift to the southwest, and finally to the west after the front has passed. Information gathered during
this investigation determined that the front was near the Batiscan River, but it was impossible to
determine exactly when the front passed. However, strong winds from the south, estimated at
approximately 15 knots at the time the occurrence floatplane took off, were reported by individuals
nearby.

Characteristics of winds close to the surface

This section of the Batiscan River experiences sudden wind shifts (shear) due to the terrain, which
results in difficult flying conditions. The terrain on both sides of the river is conducive to very-low-
level airflow in a north-south direction at the surface of the water. However, in this occurrence, as the
aircraft moved away from the surface and reached the peaks of the hills to the west, it is very likely
that the wind changed strength and direction (veering from south to southwest) due to the proximity
of the cold front. This shift in the wind may have caused a horizontal wind shear, turbulence, and
downdrafts in the lee of the hills to the west.

Vertical wind shear, or wind gradient, causes a change in the wind speed near the ground, particularly
below 100 feet. On the ground, obstacles and the roughness and unevenness of the surface
significantly slow down the wind, while at altitude, in the undisturbed layers of the geostrophic wind,
the surface no longer affects the wind. Between these 2 extremes, the wind speed varies depending
on the altitude.®

In the occurrence flight, the aircraft was flying over the river at low altitude, approximately 65 feet,
when the left turn was initiated in the lee of the hills to the west of the river. The aircraft ended up

The airspeed indicator was located on the instrument panel in front of the passenger,and the pilotinthe rear
seat had to leanall the way to the left to see it.

Veering “is the term used to describe a clockwise change in wind direction, such as from the southwest to the
west.” (Source: Environment and Climate Change Canada, Weather Glossary, at https://ecgc.ca/meteoaloeil -
skywatchers/default.asp?lang=En&n=7884CDEA-18&def=hide1013AA50B (last accessed on 30 March 2022).

Suisse Eole, Wind Profile Calculator, at https;//wind-data.ch/tools/profile php?Ing=en (last accessed on
30 March 2022).
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above the trees to the east of the river. Therefore, it is possible that some of the factors related to the
winds close to the surface were present and contributed to the reduction in the aircraft's speed and
performance.

Low-altitude turns

Flying at low altitude reduces the safety margin in the event of engine failure, loss of control, or other
unforeseen circumstances, while increasing the risk of collision with the ground. Also, low-altitude
turns cause optical illusions that may skew the perception of the aircraft's speed and drift, and
increase the risk of losing control during flight. Given the severity of the consequences of a loss of
control at low altitude, low-altitude turns carry a high level of risk.

Optical illusions related to a significant change in ground speed

When an aircraft shifts from a headwind to a tailwind during a turn, its ground speed may increase
significantly. Under these conditions, the ground moves by faster, and the pilot may overestimate the
aircraft's actual airspeed and reduce its speed enough to cause a stall. In addition, if an aircraft is
climbing at a fixed rate in a turn but its ground speed doubles, its climb angle for clearing obstacles
drops by approximately half.

Optical illusions related to flying close to terrain

When flying in mountainous areas or near hills where the terrain blocks the view of the actual
horizon,’ pilots may have more difficulty determining the aircraft’s exact attitude, altitude, and
airspeed, particularly when the aircraft is below the highest point of the terrain.

In addition, when pilots see rising terrain ahead, they will be prompted to increase the aircraft's nose-
up attitude, which can lead to a decrease in airspeed. Furthermore, as the aircraft approaches the
rising terrain, pilots feel more and more as though they are flying faster than they would feel flying at
the same speed but at a higher altitude. Consequently, when pilots approach rising terrain, they may
raise the nose of the aircraft to maintain a constant angle between the part of the aircraft that serves
as a reference and the rising terrain. If pilots do not consult their instruments and rely solely on
external visual cues, they will have more difficulty recognizing the effects that nosing up will have on

the aircraft’s performance, given the additional illusions caused by the proximity of the rising terrain.™

Optical illusions created by drift

Driftis the difference between an aircraft's heading and its track over the ground. An aircraft's drift
while in a turn close to the ground in high winds gives the pilot the impression that the aircraft is
changing speed, sliding inward, or skidding outward. During a left turn, the illusion created by the
drift may cause a pilot to apply rudder on the inner side of the turn, thereby increasing the likelihood
that the left wing will stall before the right wing, resulting in an incipient spin.

The actual horizon is the line at which the sky and earth meet, without taking into account irregularities ofterrain
and obstructions such as mountains.

For more information, see the section entitled “Spatial orientation and optical illusions in mountainous terrain” in
TSB Aviation Investigation Report A16P0180, at https://www.tsb.gc.ca/eng/rapports -
reports/aviation/2016/a16p0180/a16p0180.html (last accessed on 30 March 2022).
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Optical illusion created when a turn is below the pivotal altitude

The pivotal altitude is the altitude at which, for a given ground speed, the extension of the lateral axis
of the airplane appears to be fixed on a point on the ground from the pilot's perspective.’ At a
ground speed of 50 mph, the pivotal altitude is 168 feet above ground level (AGL), while at 80 mph it
is 429 feet AGL. When pilots turn left below the pivotal altitude, they may have the impression that
the lower wing is moving faster than usual, which may cause them to apply rudder on the inner side
of the turn, thereby increasing the likelihood that the left wing will stall before the right wing,
resulting in an incipient spin.™

In this occurrence, the low-altitude left turn began at an initial indicated airspeed of approximately

70 mph, when the wind was blowing at around 20 mph. The significant increase in ground speed from
approximately 50 mph (headwind) to approximately 90 mph (tailwind), i.e. almost doubling, created a
strong optical illusion and resulted in a reduction of almost 50% in the climb angle to eventually clear
the terrain east of the river. Because the turn was conducted below the peak of the hills, it was more
difficult to establish the aircraft’s attitude in relation to the actual horizon. During the turn, the aircraft
was heading toward rising terrain, which may have caused the pilot to increase the aircraft's nose-up
attitude, resulting in a loss of speed.

The optical illusion created by the drift was strong because of the winds and the speed of the
floatplane at the time of the turn at approximately 65 feet, which was below the pivotal altitude. These
illusions, combined with a low speed, can create conditions that are favourable for a loss of control.

Aerodynamic stall

An aerodynamic stall is a loss of lift and an increase in drag that occurs when an aircraft is flying at an
angle of attack greater than the angle that provides maximum lift. Regardless of airspeed, an aircraft
always stalls when its wings reach this critical angle of attack.™ Stall speed varies depending on
factors such as weight, power, flap position, and angle of bank.

In a turn, the greater the angle of bank, the more lift is needed to maintain a constant altitude. With a
45° bank angle, approximately 30% more lift' is required to maintain the same altitude. This increase
in lift results in greater drag and a drop in speed, which in turn increases the risk of a stall. Therefore,

to maintain speed in a turn, power must be increased.

According to the occurrence aircraft's flight manual, the stall speed was 38 mph in straight flight and
47.5 mph atan angle of 50°. These stall speeds had been calculated based on the maximum allowable
take-off weight (1200 pounds) indicated for the J3C-65 aircraft in the 1st edition of the manual. When

" Federal Aviation Administration, FAA-H80803-3C, Airplane Flying Handbook (2021), Chapter7, p. 7-15, at
https://www.faa.gov/sites/faa.gov/files/regulations_policies/handbooks_manuals/aviation/airplane_handbook/08_
afh_ch7.pdf (last accessed on 31 March 2022).

12 For more information on risks related to turns conducted below the pivotal altitude, see section 1.18.1.1.3 of TSB
Aviation Investigation Report A15Q0120, at https://www.tsb.gc.ca/eng/rapports-
reports/aviation/2015/A15Q0120/A15Q0120.html (lastaccessed on 30 March 2022).

'3 Transport Canada, TP 1102, Flight Training Manual, 4th Edition (revised in 1998).

4 The vertical aspect of an aircraft’s lift is the cosine of the angle of bank, which at a 45° angle is equal to 70.7% of
the lift.
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the floats were installed, the modifications necessary to increase the maximum weight by 100 pounds
were made. Given that the take-off weight of the occurrence flight was 1367 pounds, the actual stall
speeds were higher than those published.

Incipient spin

The video taken by the passenger on board the occurrence aircraft helped to determine that, during
the left turn, the aircraft entered an incipient spin,™ then struck the trees. This loss of control occurred
during a low-altitude turn as the aircraft was flying from a headwind to a tailwind. Several
compounding factors were present: high wing loading due to the aircraft's weight and the 45° bank
angle, strong low-level winds, and optical illusions created during the turn.

To offset most of these compounding factors, the airspeed indicator is a pilot's main tool to detect a
loss of performance (speed) and become aware of the various illusions at play. Given that the
occurrence pilot was seated behind the passenger, the airspeed indicator was not directly in his line of
sight. Without a stall warning system, the pilot could not have easily detected that a stall was
imminent.

Safety message

Pilots must be aware that steep turns at low altitude pose a high risk due to reduced aircraft
performance, increased stall speed, the characteristics of the winds close to the surface, and optical
illusions that can skew speed and drift perception. These turns should normally be avoided, but if they
are conducted, itis essential that pilots take these factors into consideration and closely monitor the
indicated airspeed to avoid a loss of control.

This report concludes the Transportation Safety Board of Canada’s investigationinto this
occurrence. The Board authorized the release of this report on 13 April 2022. It was officially
released on 26 April 2022.

Visit the Transportation Safety Board of Canada’s website (www.tsb.gc.ca) for information
aboutthe TSB and its products and services. You will also find the Watchlist, which identifies
the key safety issues that need to be addressed to make Canada’s transportation system even
safer. In each case, the TSB has found that actions taken to date are inadequate, and that
industry and regulators need to take additional concrete measures to eliminate the risks.

5 An incipient spin occurs when an aircraft stalls and one wing produces more lift than the other, and the flight
path changes from horizontal to vertical. For more information, see TSB air transportation safety investigation
reports A15Q0120 and A21Q0007.
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ABOUT THIS INVESTIGATION REPORT

This reportis the result of an investigationinto a class 4 occurrence. For more information, see the Policy on
Occurrence Classificationat www.tsb.gc.ca

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

TERMS OF USE
Use in legal, disciplinary or other proceedings

The Canadian Transportation Accident Investigation and Safety Board Act states the following:
e 7(3) No finding of the Board shall be construed as assigning fault or determining civil or criminal liability.
e 7(4) The findings of the Board are not binding on the parties to any legal, disciplinary or other proceedings.

Therefore, the TSB's investigations and the resulting reports are not created for use in the context of legal,
disciplinary or other proceedings.

Notify the TSB in writing if this investigationreportis being used or might be used in such proceedings.
Non-commercial reproduction

Unless otherwise specified, you may reproduce this investigationreport in whole orin part for non-commercial

purposes,and in any format, without charge or further permission, provided you do the following:

e Exercise due diligence in ensuring the accuracy of the materials reproduced.

¢ Indicate the complete title ofthe materials reproduced and name the Transportation Safety Board of Canada
as the author.

¢ Indicate that the reproductionis a copy of the version available at [URL where original documentis available].

Commercial reproduction

Unless otherwise specified, you may not reproduce this investigationreport,in whole orin part, for the purposes
of commercial redistribution without prior written permission from the TSB.

Materials under the copyright of another party

Some of the content in this investigationreport (notablyimages onwhich a source other than the TSB is named)
is subject to the copyright of another party and is protected under the Copyright Act and international
agreements. For information concerning copyright ownership and restrictions, please contact the TSB.
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