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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.

Aviation Investigation Report A16I°0186

Loss of control and collision with terrain
Norjet Inc.

Cessna Citation 500, C-GTNG

Kelowna Airport, British Columbia, 4.5 nm NE
13 October 2016

Summary

On 13 October 2016, a privately operated Cessna Citation 500 (registration C-GTNG, serial
number 500-0169), departed Kelowna Airport (CYLW), British Columbia, on an instrument
flight rules night flight to Calgary/Springbank Airport (CYBW), Alberta. The pilot and

3 passengers were on board. Shortly after departure, at about 2135 Pacific Daylight Time, the
aircraft made a tight right turn as it was climbing through 8600 feet above sea level, and then
entered a steep descending turn to the right until it struck the ground. All of the occupants
were fatally injured. Impact forces and a post-impact fire destroyed the aircraft. No
emergency call was made, and no emergency locator transmitter signal was detected.

Le présent rapport est également disponible en francais.






Aviation Investigation Report A16P0186 | iii

Table of contents

1.0 Factual information...........ccoovviiiiiiiiiiiiiiiiiiiceeeeeeeeee e 1
1.1 History of the flight .........cccooiiiiii e 1
1.2 INJuries tO PeISOMS......cccouummiiiiiiiiiiiiiiiiii i 5
1.3 Damage to aircraft............ccoooiiiiiiiiiiii 5
1.4 Other damage.........c.ooeiiiiiiiiiiiiiiiii e 5
1.5 Personnel information............eeeeeieiieiiiiiiiiiiiiiieeeeeeee e 6

1.5.1 Pilot training on the Cessna Gitation 500...........cccocuiriiiiniiiininiiicccens 6
1.5.1.1 Single-pilot operations for the Cessna Citation 500 model......................... 6

1.5.1.2  NIight CUITENCY ..ot ssnaes 7

1.6 Aircraft information.............ueeeeiiiiiiiiiiiiiiiee e 7
1.6.1  Single-pilot operations for the Cessna Citation 500 model............ccccocoveuvrinrinrunnnnnces 8
1.6.1.1  Technical approval forsingle-pilot operations............cccoeeveuvciciriuniincinnnn. 9

1.6.1.2 Operational approval for single-pilot operations............cccoecvcuereeeercercrnennn. 9

1.6.2  Aircraft @irworthiness ... s 10

1.63 Weightand balance..........coiiiii s 11

1.6.4 Powerplant and eNgINes...........ccccociiiiiiicininiinicccc e 11

1.6.5  Stall WamING......ccoccviuiiiiiiciiii s 12

106 AUIOPIIO ... 12

1.6.7  Flight iINSTUMENTS.......cviiiiiiici s 12

T1.6.8  INVEILETS ..ot 13

1.6.9 Emergency locator transmitter...........cociiiiniinciciniiniicsieeseesessesseeas 13

1.7 Meteorological information...............cccciiiiiiiiiiiiii 13
1.8  Aids to NAVIGAtION ......eeiiiiiiiiiiiii i 13
1.9  Communications ...........ccooiiiiiiiiiiiiiiii 14
1.10 Aerodrome information...........eeeeeiieiiiiiiiiiiiiiiiiiieeeeeeeeee e 14
1.11 Flight 1ecorders..........oooiiiiiiiiiiiiii 14
1.12 Wreckage and impact information..............cccccoeiviiiiiiini 14
1.13 Medical and pathological information..............cccoccciiiiiiiii 15
TI4 FAre. .o 16
1.15 Survival @spects..........oeiiiiiiiiiiiiiiiiiii 16
1.16 Tests and reSearchL..........cccuuuviiiiiiiiiiiiiiiiiie e 16
1.16.1 TSB Jaboratory TEPOItS ......cocuiiiviuciciiiiiiccieieteeteieieie e 16

1.17 Organizational and management information............ccccoccciiiiiiniiiiiiiinnnnnnnn.n. 16
1170 NOTJEE INCuiiieiiiiii s sassas s 16
1172 Transport Canada registration of private OWners.............ccccvcuecirinincinciciniencincnnns 16
1.17.3 Safety management SYSTEIML.......ccccuiuiueuermiuieneeerienieeseeesse s ssessse s s sssens 17
1174 Oversight of private OPErators.........ccoceueiuriuneerereiiriiseieie e sessesaesssans 17
11741 Inception of regulatory oversight for private operators.............ccc.......... 17

117.4.2 Canadian Business Aviation ASsOCIation............ccccecucieiuniuncicieniencuncininn. 18

11743 Retum of oversight of private operators to Transport Canada............... 19

11744 Oversight of private operators at the time of the occurrence.................. 19

1.17.4.5 Oversight of Norjet INC.......ccooiiiiiiiiciiiiccccc s 20

1.18 Additional information..............ccciiiiiiiiiiii 20

1.18.1 Information processingand workload in single-pilot operations............cccccecuuuceee. 20



iv | Transportation Safety Board of Canada

1.18.2 Visual-spatial orientation in low-visibility conditions..............ceceeuecuvenirririccuncnnennen. 21

1.18.3 Cockpit design and layout in relation to risk of spatial disorientation.................... 22

1.18.4 Limiting the risk of spatial disorientation.............ccccoeevicririninincininiscisicns 23

1.18.5 On-board reCOrders..........iiiiiiiiciiiicie e 24

1.18.5.1 Flight data, cockpit voice, and image/ video event recorders.................. 24

1.18.5.2 FHlight data and cockpit voice recorder requirements..............cccccuvcunnnee. 25

1.18.5.3 Lightweight flight-data recording systems..........cccccocovurivrivcininincincinne. 25

1.18.54 TSBRecommendation A13-01 (May 2013).......ccocvmvvininrinninciniiniecicinnns 27

1.18.5.5 Demonstrated benefits of lightweight flight-data recording systems... 28

2.0 ANALYSIS......coiiiiiiiiiiiii 30
21 General.. ..o 30

2.2 Spatial disorientation accident scenario............cccoccveviiiiiiiiiiiiiniiii 30

2.3 Aircraft weight and balance...................ccooii 32

2.4  Technical anomalies..............ccccooiiiiiiiiiiiiiii 32

2.5 Transport Canada oversight of private operators..............cccccceeevviiiiiiiinnninnnen. 33

2.6 On-board flight recorders.............cocciiiiiiiii 34

3.0 FINAINES......cooiiiiiiiiiiiiiiiii i 36
3.1 Findings as to causes and contributing factors...............ccccccciiiiiiin 36

3.2 Findings as to TisK...........cccciiiiiiiiiiiiiiiiii 36

3.3 Other fiNdiNgs ........cccouiiiiiiiiiiiiiiiiiii 36

4.0 Safety action ..........cccoeiviiiiiiiiiiiiiiii i 37
4.1 Safety action takemn............cccoooiiiiiiiiiiiiii 37

4.2 SAfety COTICEITL....eiiiiiiiiiiiieiiiiii ittt e e e e e e 37

421 Oversight of private OPerators..........ciiiincincinininii e 37

4.3 Safety actionrequired............cccoiiiiiiiiiiiiiiiii 38

43.1 Canadian Aviation Regulations Subpart 604 private operators: Lightweight flight-

data recording SYSteIS ..o s 38

APPENAICES .....oviiiiiiiiiiiii i 42
Appendix A - KELOWNA SEVEN DEP standard instrument departure..................... 42

Appendix B - Private operator registration document application form...................... 44



Aviation Investigation Report A16P0186 | 1

1.0 Factual information
1.1 History of the flight

At 0730, on the morning of 13 October 2016, the privately operated Cessna

Citation 500 (C500) (C-GTNG) departed from Calgary/Springbank Airport (CYBW), Alberta,
for Kelowna Airport (CYLW), British Columbia. The weather conditions at CYLW were light
winds and broken clouds at 3900 feet above sea level (ASL), with light rain and visibility of 9
statute miles (sm). After arriving at CYLW, atabout 0830, the pilot secured the aircraft and
proceeded toa hotel torest.

The pilot returned to CYLW at approximately 1830 to prepare for the flight back to CYBW.
At 2039, the pilot filed an instrument flight rules (IFR) flight plan using an Internet-based
flight-planning software program. The flight-planned route to CYBW was via the MENBO
and IGVEP waypoints, and the flight was expected to take 46 minutes at a cruise altitude of
flight level (FL) 250.2

The pilot and 3 passengers boarded the aircraft. At 2126, the pilot obtained an IFR clearance
from the CYLW ground controller for the KELOWNA SEVEN DEP standard instrument
departure (SID) procedure for Runway 34 (Appendix A).

The instructions for the Runway 34 KELOWNA SEVEN DEP SID were to climb to

9000 feet ASL, or to an altitude assigned by air traffic control (ATC), and to contact the
Vancouver Area Control Centre (ACC) after passing through 4000 feet ASL. The aircraft was
then to climb and track 330° magnetic (M) inbound to the Kelowna non-directional

beacon (LW). From LW, the aircraft was to climb and track 330°M outbound for vectors to
the filed or assigned route.

At 2127, C-GTNG began to taxi toward Runway 34. At2131, the CYLW tower controller
cleared the aircraft to take off from the intersection of Runway 34 and Taxiway D. The pilot
acknowledged the clearance and began the take-off roll on Runway 34 about 1 minute later.
Radar data showed that, at 2133:41, the aircraft was 0.5 nautical miles (nm) beyond the
departure end of the runway and was climbing at more than 4000 feet per minute (fpm)
through 2800 feet ASL, at a climb angle of approximately 16°. In that time, it had deviated
laterally by about 3° to the right of the 330°M track associated with the SID.

At 2134:01, when the aircraft was 1.2 nm beyond the runway, it had climbed through
3800 feet ASL and deviated further to the right of the intended routing. The aircraft’s rate of
climb decreased to about 1600 fpm, and its ground speed was 150 knots. A short time later,

1 All times are Pacific Daylight Time (Coordinated Universal Time minus 7 hours).

2 Flightlevel (FL) is the “altitude expressed in hundreds of feetindicated on an altimeter set to
29.92in. of mercury or 1013.2 mb.” (Source: Transport Canada, TP 14371, Transport Canada
Aeronautical Information Manual [TC AIM], 12 October 2017, General, 5.1 Glossary of Aeronautical
Terms). In this case, FL. 250 means 25 000 feetabove mean sea level.
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the aircraft’s rate of climb decreased to 600 fpm, its climb angle decreased to 2°, and its
ground speed had increased to 160 knots.

At 2134:22, the aircraft was 2.1 nm beyond the departure end of the runway, and it was
climbing through approximately 4800 feet ASL. The aircraft had deviated about 13° to the
right of the intended track, and itsrate of climb reached its maximum value of
approximately 6000 fpm,3 with a climb angle of about 22°. The ground speed was roughly
145 knots.

At 2134:39, the aircraft was 2.7 nm beyond the departure end of the runway, passing through
5800 feet ASL, and had deviated about 20° to theright of the intended routing. The rate of
climb was approximately 2000 fpm, with a climb angle of about 7°.

According to the SID, the pilot was to make initial contact with the ACC after the aircraft had
passed through 4000 feet ASL.Initial contact was made when the aircraft was passing
through 6000 feet ASL, at 2134:42.

At 2134:46, the ACC acknowledged the communication and indicated that the aircraft had
been identified on radar. The aircraft was then cleared for a right turn direct to the MENBO
waypoint once it was at a safe altitude, or once it was climbing through 8000 feet ASL. The
aircraft was also cleared to follow the flight-planned route and climb to 10 000 feet ASL.

At 2134:55, the pilot read back the clearance as the aircraft climbed through 6400 feet ASL,
with a rate of climb of approximately 2400 fpm. The aircraft was tracking about 348°M at a
groundspeed of about 170 knots.

At 2135:34, the aircraft began a turn to the right, which was consistent with the instruction
from the ACC. Flying directly to the MENBO waypoint required the aircraft to beona
heading of 066°M, requiring a right turn of about 50°. At this point, the aircraft was still
climbing and was passing through 8300 feet ASL. The rate of climb was about 3000 fpm.

The aircraft continued the right turn and was tracking through 085°M. After reaching a peak
altitude of approximately 8600 feet ASL, the aircraft entered a steep descending turn to the
right, consistent with the characteristics of a spiral dive (Figures 1 to 3).

3 Thenormal rate of climbunder these conditions would be about 3000 fpm, plus or minus 500 fpm
(source: Cessna Aircraft Company, Cessna/Citation Aircraft Operating Manual, Revision3,
14 December 1989, Section VIIA — Planning and Performance).
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Figure 1. Overhead view of C-GTNG's flight path (Source: Google Earth, with TSB annotations)
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Figure 2. Side view of C-GTNG's climb profile (Source: Google Earth, with TSB annotations)
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Figure 3. View of C-GTNG's rate of climb from 2133:41 to 2134:39 (Source: Google Earth, with TSB
annotations)
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At 2135:47, the ACC controller cleared C-GTNG to climb to FL 250. The lack of radar returns
and radio communications from the aircraft prompted the controller to initiate search
activities.

At 2151, NAV CANADA notified first responders, who located the accident site in forested
terrain at about midnight. The aircraft had been destroyed, and all of the occupants had been
fatally injured.

1.2 Injuries to persons

Table 1. Injuries to persons

Crew Passengers Others Total
Fatal 1 3 - 4
Serious 0 0 - 0
Minor/None 0 0 - 0
Total 1 3 - 4

1.3 Damage to aircraft
The aircraft was destroyed by impact forces and the post-impact fire.

1.4 Other damage

The aircraft had approximately 2500 pounds of fuel on board at the time of the accident. The
investigation was unable to determine how much fuel contaminated the soil or burned
during the post-impact fire. An environmental cleanup of the accident site was completed.
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1.5 Personnel information

Table 2. Pilot information

Pilotlicence Airline transport pilotlicence
Medical expiry date 01 February 2017
Total flying hours 39121
Flighthours on type 1.0 dual
525.1 as pilot-in-command
Flighthours in thelast7 days 3.4
Flighthours in thelast30 days 7.1
Flighthours in thelast90 days 28.7
Flighthours on typein last90 days 26.7
Total hours in actual instrument meteorological 7293
conditions (IMC)
Total hours actual IMCin last12 months 25.1
Total nightflying hours inlast 12 months 7.8
Number of night takeoffs in last 6 months 2
Number of nightlandingsin last 6 months 3
Total night takeoffs /landingsin last 12 months 19/21

The pilot held a Canadian airline transport pilot licence with a Group 1 instrument rating,
renewed on 31 August 2015 and valid until 01 September 2017. He had flown a variety of
single-engine aircraft, and had obtained multi-engine aircraft experience primarily on the
Cessna Citation 560.

The occurrence aircraft model, the C500, was the first high-performance aeroplane# that the
pilot had flown as a captain. The pilot had accumulated a total of 525.1 hours as pilot-in-
command on the occurrence aircraft.

1.5.1 Pilot training on the Cessna Citation 500

1.5.1.1 Single-pilot operations for the Cessna Citation 500 model

In February 2012, the pilot was hired by Nozjet Inc. and completed his initial on-aircraft
training for a 2-pilot endorsement on the C500. To qualify for single-pilot operations on C-
GTNG, however, the pilot required further training. In November 2013, he completed such
training for various Cessna Citation models, including the C500, and was granted an
endorsement by Transport Canada (TC) for single-pilot operations on the C500 on

09 December 2013.

¢ A high-performance aeroplaneis an aeroplane with a stall speed of 80 knots or more, or a
maximum operating speed of 250 knots or more, and thatrequires only 1 pilot. (Source: Transport
Canada, SOR /96-433, Canadian Aviation Regulations, subsection400.01(1).)
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The investigation determined that, from 19 March to 09 December 2013, the pilot had flown
61 to 68 flights> as the sole pilot on the C500 without the required TC endorsement for single-
pilot operations. However, at the time of the accident, the pilot was certified and qualified
for single-pilot operations in accordance with existing regulations.

The pilot completed recurrent single-pilot C500 flight simulator training every year from
2012 to 2015. This simulator training included the following modules:

e wind shear;

e low-energy awareness;

e rejected takeoff with a runway visual range of 600 feet;

e ground proximity warning system events;

e traffic alert and collision avoidance system events;

e areanavigation (RNAYV) / global positioning system (GPS) approaches;
e right-seat duties;

e decision making and judgment;

e resource management (member support and ATC);

o effective use of automated systems;

e situational awareness;

e computation of take-off and landing data;

e instrument takeoff;

e approach to stall recovery, climb, and in-flight manoeuvres; and

e emergency and abnormal procedures.

1.5.1.2 Night currency

The Canadian Aviation Regulations (CARs)¢ state that a pilot must have completed at least

5 night takeoffs and 5 night landings in the previous 6 months in order to carry passengers at
night. According to the pilot’s logbook and NAV CANADA records, the pilot had completed
only 2 night takeoffs and 3 night landings in the 6 months before the accident. Therefore, at
the time of the occurrence, the pilot did not meet the regulatory requirements for night
currency to carry passengers.

1.6  Aircraft information

The C500 (Figure 4) is a pressurized turbo-fan-powered business and corporate aircraft with
a maximum operating altitude of 35 000 feet ASL and retractable landing gear. The
occurrence aircraft was approved for day and night visual flight rules (VFR) and IFR

5  Therewas a discrepancy regarding the number of single-pilot flights the pilothad conducted on
the occurrence aircraft between Norjet Inc.’s operational flight sheets (61 flights) and the
occurrence pilot’s logbook (68 flights). The investigation was unable to recover the aircraft’s
journey logbook.

¢ Transport Canada, SOR/96-433, Canadian Aviation Regulations, clause 401.05(2)(b)(i)(B).
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operations and was certified for flight into known icing conditions. The occurrence aircraft
(C-GTNG) was also equipped with an autopilot (Bendix FSG-70) and an angle-of-attack
indicator.

Figure 4. The occurrence aircraft (Source: Michael MacKinnon)

Table 3. Aircraft information

Aircraftregistration C-GTNG

Manufacturer Cessna Aircraft Company / Textron Aviation

Model Cessna Citation 500

Year of manufacture 1974

The aircraft was manufactured in 1974 and originally had a 7-seat configuration. In
March 1999, the aircraft underwent several modifications, including a change to a 9-seat
configuration and an increased baggage capacity at the rear of the aircraft.

1.6.1 Single-pilot operations for the Cessna Citation 500 model

The C500 was originally designed and configured for 2-pilot flight operations (1 pilot and
1 co-pilot). Variants of the Cessna Citation model, such as the C501, were designed by Cessna
to enable single-pilot operations.

In 1997, TC issued an Airworthiness Notice? in which it recognized the similarities between
the models C500 and C501, the latter having previously been authorized by TC for single-
pilot operations. The Airworthiness Notice stated that airworthiness certification for single-
pilot operation of the C500 can be granted through a Supplemental Type Approval process,
with licensing and operational requirements being addressed in accordance with existing

7 Transport Canada, Airworthiness Notice D002, Edition2 (issued17 January 1997, revised
03 May 2010).
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regulations. Thus, in addition to pilot endorsement by TC for single-pilot operations for the
C500 (licensing), 2 TC approvals (technical and operational) were also required.

1.6.1.1 Technical approval for single-pilot operations

The technical approval for single-pilot operations on C-GTNG consisted of 2 steps. First, TC
was required to issue a Limited Supplemental Type Certificate (LSTC) for single-pilot
operations of the C500. Then, technical modifications had to be carried out on the occurrence
aircraft, as stated in the LSTC.

In April 1999, TC issued LSTC C-LSA05-240/D, which authorized the technical modification
of the C500 type for single-pilot operations.

On 28 June 2005, to satisfy the technical requirements of the LSTC, modifications were
carried out on the occurrence aircraft, and the following equipment was installed:

e a3-axis autopilot with approach coupling (Bendix FSG-70),
e amicrophone key switch on left control wheel,
¢ headsets and microphonejacks at the pilot’s position, and

e atransponder IDENT button on left control wheel.

On 29 June 2005, TC approved the modifications to C-GTNG, and, on 30 June 2005, TC
issued a certificate of airworthiness for C-GTNG, which completed the technical approval
requirements set out in the LSTC.

1.6.1.2 Operational approval for single-pilot operations

Further TC operational authorization was required before single-pilot operations could be
conducted with the occurrence aircraft.

This requirement was expressly stated in the Airworthiness Notice in regard to single-pilot
operations conducted on a C500 that has been modified in accordance with the technical
requirements set out in the LSTC. The LSTC further stated, “This LSTC does not authorize
single-pilot operations. This modification approval must be used in conjunction with an
appropriate operational approval.”8 The airplane flight manual supplement for the single-
pilot operation of the C500 reiterates that a specific operational approval from TC is required
before an aircraft modified in accordance with the LSTC can be flown by a single pilot.?

Although technical modifications were carried out on the occurrence aircraft in accordance
with the LSTC, no records were found indicating that the operational approval for single-
pilot operations on C-GTNG was ever assessed and granted by TC. The investigation was
unable to determine whether a request seeking this operational approval was ever submitted

8  Transport Canada, Limited Supplemental Type Certificate C-LSA05-240/ D, Aircraft
Configuration Definition for Single Pilot Operation (issued 27 June 2005).

9 Aero Consulting Services Ltd., Airplane Flight Manual Supplement C25790 for Single Pilot
Operation of Cessna 500 Airplane (09 April 1999), p. 3.
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by Norjet Inc. In addition, the investigation determined that there is no formal process in
place at TC to assess and grant an operational approval for single-pilot operations on a C500.

1.6.2  Aircraft airworthiness

Airworthiness standards listed in the CARs require aircraft to carry an aircraft flight
manual (AFM) on board during flight operations. The AFM, which includes supplements,
contains information that applies to that specific aircraft, including limitations, emergency
procedures, normal procedures, performance data, and weight and balance. Minimum crew
requirement for the aircraft is listed in the “Operating Limitations” section of the AFM.
Regulatory compliance with the AFM is included in this section of the manual only.

The aircraft was imported into Canada from the U.S. in June 2005 and was required to be
maintained in accordance with an approved maintenance schedule that conforms to CARs
Standard 625, Appendices C and D. The last maintenance inspection carried out on the
aircraft was completed in March 2016 at 8599 hours airframe time since new. At the time of
the occurrence, the aircraft had accumulated a total of 8649 hours airframe time since new.

A review of the entries made in the aircraft journey log 2 days before the occurrence
indicated that the windshield anti-ice “HI” setting had been documented as inoperative and
“flight into known ice [was] prohibited.” 10 An “inoperative windshield anti-ice - HI” placard
was installed in the aircraft. The windshield anti-ice system is required to be operational
when the aircraft is flown into known icing conditions.

A review of the technical records for the aircraft indicated that the last record of compliance
with the Federal Aviation Administration Airworthiness Directivell (AD) 79-12-06 was dated
21 December 2007. AD 79-12-06 requires the upper and lower spar cap!2 stems to be
inspected for cracking every 600 hours or every 600 landings, whichever comes first, unless
Cessna Service Bulletin SB57-10 Rev 4 is carried out.

SB57-10 Rev 4 provides instructions for the installation of upper and lower spar cap
reinforcement angles that would eliminate the 600-hour or 600-landing inspection
requirement. The aircraft maintenance documents for the occurrence aircraft did not contain
any record of the spar cap reinforcement angles having been installed.

The investigation found no record of compliance with AD 79-12-06 since 21 December 2007.
At the time of the occurrence, the aircraft had flown 1062 hours and completed 1405 landings

10 Although theinvestigation did notrecover the aircraftjourney log, the maintenance facility where
C-GTNG was maintained retained copies of the technical defect entries made in the aircraft
journey log.

1 An Airworthiness Directive (AD) is issued by the regulatory authority and informs aircraft
operators of a deficiency that affects the airworthiness of the aircraft. Per CARs section 605.84,
when issued by the State of Design, an AD is mandatory and mustbe complied with, as stated in
the directive, unless theregulatory authority for the aircraft’s State of Registration is satisfied that
an alternative means of compliance ensures the same level of safety expected under the AD.

12 Spar caps are span-wise, structural members of the wing spar that carry the wingload.
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since the last spar cap inspection was documented in the technical records. The investigation
determined that the aircraft was overdue for the inspection required in AD 79-12-06.

1.6.3 Weight and balance

Weight-and-balance calculations are used to determine whether an aircraft exceeds the
allowable take-off weight and is within the specified centre of gravity (C of G) limits. These
calculations must be done before every flight. Operating an aircraft outside the C of G limits
may affect its stability and, in some instances, may result in a loss of control.

The aircraft was originally certified with a maximum take-off weight of 11 500 pounds. In

March 1999, the maximum take-off weight was increased to 12 500 pounds under the
authority of Supplemental Type Certificate (STC) SA2172NM and STC SA2646NM.

The aircraft had last been weighed in June 2007. A review of the aircraft’s empty-weight-and-
balance data sheet revealed no anomalies. However, a review of 2 subsequent amendments
to the aircraft’s weight-and-balance data sheet found errors in calculation that affected the
operational empty weight and C of G location. The pilot had prepared an operational
weight-and-balance report for the occurrence flight using the incorrect data from the most
recently amended empty weight-and-balance data sheet, leading him to believe that the
aircraft was within the required specifications.

The investigation determined that 2 sets of golf clubs were likely placed in the extended rear
baggage compartment and 4 small backpacks were likely placed in the nose baggage
compartment. Four passengers were listed on the flight plan; however, only 3 boarded the
aircraft. The 4th passenger had decided to stay behind. The 3 passengers were seated in the
centre rear-facing seats and in the aft divan seat of the cabin in 2 possible seating
arrangements:

e 2 passengers seated in the centre rear-facing seats and 1 passenger in the aft divan
seat; or

e 1 passenger seated in the centre rear-facing seat and 2 passengers seated in the aft
divan seat.

The investigation determined that the aircraft had 2500 pounds of fuel on board and a gross
weight of 10 643 pounds at the time of the occurrence. At this gross weight, the C500 weight-
and-balance manual specifies that the forwardmost allowable C of G limit is 249 inches. The
investigation reassessed the aircraft's operational weight and balance using the correct data,
reflecting the exact gross weight and C of G location for both seating arrangements. The
investigation concluded that the aircraft was under the allowable maximum take-off weight
but outside the forwardmost C of G limit by either 3.4 or 2.4 inches, depending on the actual
seating arrangement. This would have had a negligible effect on the aircraft’s flight
characteristics during takeoff.

1.6.4 Powerplant and engines

The aircraft was equipped with 2 Pratt & Whitney Canada JT15D-1A turbofan engines. The
left engine had accumulated a total of 3045 hours and the right engine, a total of 2902 hours,
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since the last overhaul. The gas generators!3 on both engines had accumulated a total of
1061 hours each since the last overhaul. The engines were capable of producing 2200 pounds
of thrust each and were not equipped with thrust reversers.

1.6.5 Stall warning

The pilot would have been warned of an imminent stall on C-GTNG by the aerodynamic
buffeting4 of the aircraft wing. The buffeting wing would have been felt as a shuddering or
vibration. The aircraft was not equipped with a visual or aural stall warning system,
although it was equipped with an angle-of-attack indicator that would have provided a
visual cue of an impending stall.

1.6.6 Autopilot

C-GTNG was equipped with an autopilot (Bendix FSG-70), which maintains lateral,
longitudinal, and directional stability of the aircraft in flight without flight control input
from the pilot.

If the autopilot fails, the system can be manually disengaged and, if necessary, the drive
forces required to operate the autopilot and itsrelated components can be overridden by
flight control input from the pilot. An inspection of the autopilot system for any pre-impact
anomalies was inconclusive, owing to the post-impact fire. The investigation could not
determine whether the autopilot was on or off at the time of the occurrence.

1.6.7 Flight instruments

The investigation determined that the aircraft was equipped with the required
instrumentation to conduct the occurrence flight. The instrument flight panel, consisting of
analogue instruments, was destroyed by the impact forces and the post-impact fire. The

aircraft’s technical records and flight plan for the occurrence flight show that the aircraft was
equipped with a Bendix/King KLN 900 GPS, and an Argus 7000C/E Moving Map Display .15
In addition, the following instruments were recovered at the occurrence site:

e aradio magnetic indicator,

e ahorizontal situation indicator,
¢ anangle-of-attack indicator,

e analtimeter,

e amagnetic compass,

e arate gyro indicator,

e an attitude indicator, and

e airspeed indicators.

13 A gas generator produceshot, high-velocity gases that turn the low-pressure turbine and generate
engine thrust.

14 Aerodynamic buffetingis turbulent movementof air over the wing,.
15 Both of theseinstruments were destroyed and were notrecovered.
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The pilot had also taken a portable GPS unit and a laptop on board. The investigation
determined that the GPS was likely positioned near the centre windshield. The laptop was
destroyed, but the remains of a few analogue flight instruments and the portable GPS unit
were secured and sent to the TSB Engineering Laboratory in Ottawa for further analysis.
Analysis of the attitude indicator unit revealed that it was powered at the time of the impact.
An inspection of the pitot static system for any pre-impact anomalies was inconclusive,
owing to the post-impact fire. It was also impossible to extract any data from the portable
GPS unit or the 2 cell phones recovered, owing to the impact forces and post-impact fire.

1.6.8 Inverters

Aninverter is an electrical component that changes direct current into alternating current
used to power flight instruments in the cockpit. Flight instruments, including the attitude
indicator, provide information to the pilot on the aircraft’s flight situation when no
discernible visual reference is available. C-GTNG was equipped with 2 inverters; both were
destroyed by the impact forces and post-impact fire.

1.6.9 Emergency locator transmitter

The aircraft was equipped with a 121.5/243 megahertz emergency locator transmitter;
however, it was unable to transmit a signal due to damage resulting from the impact forces
and post-impact fire.

1.7 Meteorological information

The pilot obtained a weather briefing and recorded the weather conditions at 1800 on the
filed flight plan. The investigation determined that the pilot likely obtained additional
weather updates after 1800 by using his laptop at the airport before the flight.

The weather at CYLW was forecast to deteriorate as the day progressed. At the time of
departure, night marginal VFR conditions prevailed at CYLW, with known IMC expected
during the initial climb. The weather reportissued at 2116 showed the winds were at 330°M
at 6 knots, with visibility of 9 sm in light rain, scattered cloud based at 600 feet above ground
level, and broken cloud based at 2300 feet above ground level. The temperature was 7 °C, the
dew point was 6 °C, and the altimeter setting was 29.47 inches of mercury. Full weather
analysis of the Kelowna area conducted by Environment Canada determined that the
weather conditions at CYLW at the time of the accident did not appear to be conducive to
significant ice accretion.

1.8 Aids to navigation

There was no indication of problems with the available aids to navigation.
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1.9 Communications

No difficulties with the quality of radio transmissions were noted. None of the radio
communications between the pilot and the controllersrevealed any sense of urgency or any
anomalies with the aircraft.

1.10 Aerodrome information

CYLW is located approximately 6 nm from the city of Kelowna, British Columbia, in the
Okanagan Valley. It has 1 asphalt runway, Runway 16/34, which is 8900 feet long and

200 feet wide. The airport is located on the east side of the valley and is surrounded by high
terrain with elevations up to 7595 feet ASL.

1.11 Flight recorders

The aircraft was not equipped with a flight data recorder (FDR), a cockpit voice
recorder (CVR), or any other lightweight recording device, nor were any required by
regulation.

1.12 Wreckage and impact information

The accident site consisted of hard, rocky, forested terrain at an elevation of about
3400 feet ASL. The aircraft struck the ground at a high rate of descentin a 67° nose-down
attitude on a 025°M heading.

The high-energy impact resulted in a crater approximately 2 feet deep. Fragmented aircraft
debris was projected into trees and scattered around an area of approximately 12 000 m2. The
post-impact fire destroyed the majority of the aircraft structure and scorched approximately
710 m2 of vegetation surrounding the wreckage (Figure 5).
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Figure 5. The wreckage site (Source: Royal Canadian Mounted Police, with TSB annotations)
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Both engines were severely damaged from the impact, and the internal components of both
displayed features that were indicative of an engine producing significant power at the time
of impact.

The aircraft had been refuelled with Jet A-1 turbine fuel at CYBW on the morning of the
occurrence. The investigation was unable to test the fuel from the aircraft wreckage;
however, a fuel sample was collected from CYBW, and the analysis concluded that the fuel
was clear, with no visible contamination.

Inspection of the wreckage determined that all components were accounted for at the site.
An inspection of all primary and secondary control cables found that the cables exhibited
numerous overload failures and heat damage, likely the result of the impact and subsequent
fire. Aninspection of the remainder of the aircraft for any pre-impact anomalies was
inconclusive owing to the extent of the damage caused by the impact forces and post-impact
fire.

1.13 Medical and pathological information

The investigation found nothing to indicate that the pilot’s performance was degraded by
pre-existing physiological factors.

The pilot was certified by TC as medically fit to fly and held a valid Category 1 medical
certificate. The investigation determined that the pilot did not exceed his duty day, and there
was no evidence to suggest that fatigue was a factor.
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1.14 Fire

The post-impact fire was fed from fuel on board the aircraft and eventually self-
extinguished.

1.15 Survival aspects
The accident was not survivable.

1.16 Tests and research
1.16.1 TSB laboratory reports

The TSB completed the following laboratory reports in support of this investigation:
e LP268/2016 - Radar Data Analysis
e LP274/2016 - GPS and Cell Phone Download
e LP272/2016 - Instruments Analysis
e LP273/2016 - Wreckage Analysis

1.17 Organizational and management information

1.17.1 Norjet Inc.

Norjet Inc. is a private operator,’¢ formed in May 2008 and headquartered in Calgary,
Alberta. At the time of the occurrence, the company had 4 owners.

The company owned and operated 1 privately registered aircraft (C-GTNG, the occurrence
aircraft), which was based and maintained at CYBW. The aircraft was used for business and
personal flights, most of which were carried out during daylight hours, and was operated
using pilot self-dispatch, in accordance with CARs Subpart 604.

1.17.2 Transport Canada registration of private owners

Private operators, such as Norjet Inc., are engaged in the operation of certain types of
privately registered aircraft and provide non-commercial transportation, often catering to
business entities. These types of private operators fall into the business aviation sector.

New companies in the business aviation sector wishing to obtain a private operator
registration document (PORD) must submit to TC information about the private operator,
such as general information about the company, bases of operation, management personnel,
geographical areas of operation, and the type and number of aircraft in its fleet. An
application form (Appendix B) is provided by TC for this purpose.

16 The private operation of any aircraft typelisted in section 604.03 of the CARs and engaged in non-
commercial flight operations mustabide by the specific regulations set outin CARs Subpart 604.



Aviation Investigation Report A16P0186 | 17

PORD applications are assessed and approved through the Transport Canada Civil
Aviation (TCCA) regional office in the geographical area of the private operator’s intended
base of operation. Subsection 604.04(2) of the CARs states that, upon receipt of an application
containing all of the prescribed information, TC “shall” issue a PORD.

During the registration phase of a private operator, TC does not conduct on-site inspections
of the operator (e.g., base of operation, aircraft flown, maintenance facilities, or personnel)
before issuing a PORD. The registration of a private operator is strictly limited to a routine
administrative approval of a PORD application without any follow-up verification of an
applicant to ensure that its operations comply with existing regulations.

The investigation determined that, at the time of the accident, Norjet Inc. was operating
under a PORD, as required by regulation.

1.17.3 Safety management system

Private operators arerequired, by regulation, to implement and maintain a safety
management system (SMS).

Norjet Inc. had an SMSin place, and its company operations manual outlined several
components of its SMS. Under the SMS, the pilot of C-GTNG simultaneously held the
positions of operations manager, chief pilot, safety officer, and person responsible for
maintenance.

Although several deficiencies!” were identified in the SMS, the investigation could not
determine to what extent its SMS was applied in practice. The investigation could not assess
whether the SMS was effective at identifying and addressing safety risks because the person
who administered the entirety of the SMS was the pilot, who was fatally injured in the
occurrence.

1.17.4 Owersight of private operators
1.174.1  Inception of requlatory oversight for private operators

Before 1983, there were no federal regulations specifically governing the business aviation
sector engaged in non-commercial air services. In response to a series of aviation occurrences
involving private operators, TC introduced the Private Aeroplanes Passenger Transportation
Order (Air Navigation Order Series I, No. 2), which regulated the transport of passengersin
non-commercial air operations using turbine-powered, pressurized, and large aircraft.

17 Deficiencies in the SMS included a rudimentary hazard-reporting framework, processes that
lacked substance and specificity for identifying and addressing risks, and conflicting
responsibilities, as the occurrence pilot simultaneously held every position within Norjet Inc.
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In 1996, with the introduction of the CARs, a regime for issuing private operator
certificates (POC)!8 was established under CARs Subpart 604.

1.17.4.2 Canadian Business Aviation Association

In 1962, the Canadian Business Aviation Association!? (CBAA) was formed to represent and
advocate for private operators, ranging from 1-person pilot-owner operations to large
corporate flight departments, and to promote business aviation.

In late 1998, TC conducted a study jointly with the CBAA to examine the feasibility of
delegating administration and oversight of private operators from TC to the CBAA. There
were several perceived benefits of the delegation for both parties. The CBAA believed that
private operators could achieve greater operational efficiency through this arrangement by
assuming a more direct role in managing their own safety activities. Among the benefits to
TC was the opportunity to shift the resources dedicated to the oversight of private operators
to the oversight of other aviation activities perceived as a higher risk. A report on the study
was released on 21 March 2000, concluding that it was feasible for the CBAA to oversee this
industry sector, and, on 01 January 2003, the CBAA began to administer the certification and
surveillance of private operators.20

On 11 November 2007, there was an accident?! involving a private operator. An aircraft
touched down short of the runway at Fox Harbour Aerodrome (CFH4) in Fox Harbour,
Nova Scotia, causing serious injuries to 2 of the occupants and minor injuries to the
remaining 8 occupants on board the aircraft. The accident investigation identified ineffective
management of the risks associated with a transition to a new, larger aircraft type.

The investigation report highlighted that an SMS “integrates sound risk management
policies, practices, and procedures into day-to-day operations and, properly implemented,
offers great potential to reduce accidents.” The Board raised concerns with respect to the
inadequate implementation of SMSs for private operators and concluded that TC had not
exercised effective oversight of the CBAA, its accredited auditors, or POC holders since the
inception of the new approach to regulating private operators.

The Board further commented, in Aviation Investigation Report A13H0001, on the systems-
level surveillance framework required to oversee the safety of private operators:

Under a traditional approach to surveillance, TC inspectors were limited to
verifying an operator’s compliance with regulations. However, to provide an
improved level of safety beyond regulatory compliance, TC has moved
toward a systems-level approach. This type of approach involves verifying
not only that operators are in compliance, but that they also have processesin

18 APOClis the predecessor of a PORD. A POC certified the private operation under the authority of
the Aeronautics Act and the CARs, whereas a PORD registers the private operation with TC.

19 At thattime, theassociation wasknownas the Canadian Business Aircraft Association.

20 In thecaseof Norjet Inc., the company initially received a POC from the CBAA in 2009. TCissued
a PORD to Norjet Inc.in 2014.

21 TSB Aviation Investigation Report AO7A0134.
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place to develop corrective actions that address the underlying causes of non-
conformances and to manage those actions effectively. In the long term, this
approach will have a greater impact on safety than a program that relies
solely on traditional inspections and local fixes. [...]

The systems approach can be effective for all systems and processes, but the
operators’ capability to identify and rectify underlying unsafe conditions
themselves must first be assured.

In the Fox Harbour investigation report, the Board concluded that “[i]f adequate safety
oversight of POC operatorsis not maintained by the regulator, or the delegated organization,
especially during SMS implementation, there is an increased risk that safety deficiencies will
not be identified.” Therefore, the Board recommended that

the Department of Transport ensure that the Canadian Business Aviation
Association implement an effective quality assurance program for auditing
certificate holders.

TSB Recommendation A09-06

1.174.3  Return of oversight of private operators to Transport Canada

On 16 March 2010, TC announced that it would take back the oversight and administration
of private operators from the CBAA. The transfer of responsibility took effect on 01 April
2011. TC stated that, during the period of transition, it would conduct a full review of the
surveillance and regulatory structure pertaining to private operators.

In December 2012, TC advised the TSB that new CARs Subpart 604 regulations were in
development and that these would bring private operators into the TC surveillance-planning

framework. The new regulations were incorporated into the CARs and came into effectin
2014.

In January 2015, TC confirmed CARs Subpart 604 operators would be fully implemented
within TC’s surveillance program. Therefore, the response to Recommendation A09-06 was
assessed by the Board as Fully Satisfactory.

1.174.4  Owversight of private operators at the time of the occurrence

At the time of this occurrence, TC's approach to oversight for private operators relied
entirely on reactive surveillance processes. In fact, shortly before the occurrence, on

17 August 2016, TC advised its staff, through an internal process bulletin (IPB),22 that it
would temporarily exempt entire sectors of civil aviation,23 including the business aviation
sector, from its planned oversight program. During its risk assessment of the industry, TC
had identified the exempted sectors as having a low risk for serious incidents or accidents.

2 Transport Canada, Internal Process Bulletin 2016-09Issue 1, Temporary Changes to Surveillance
Planning and Surveillance Activities (17 August 2016).

2 CARs subparts 604 (private operators), 702 (aerial work), and 305 (heliports), and Standard 563
(organizations distributing aeronautical products).
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Thus, the IPB stated that private operators would not be subject to planned surveillance.
activities. TC advised that ongoing monitoring of these sectors would continue and that the
suspension of its oversight over private operators would be temporary. However, no date
was set for the resumption of a planned surveillance program covering private operators.

On 07 December 2016, TC issued a revised IPB24 stating that, based on current risk indicators
at the time, private operators would still be excluded from its surveillance planning policies
and procedures until further notice, while TCreviewed its surveillance program for this
industry sector. Although it would continue to monitor private operators, TC stated that
these operators would only be “subject to certification/regulatory authorizations and reactive
inspections” [emphasis added] unless individual risk indicators warranted ad ditional
monitoring or surveillance actions.25

The IPB also indicated that, should a serious incident or accident occur or should there be
cause for concern regarding risk levels, the PORD holder involved would be subject to
review by the TCCA regional director. It noted that any decline in the acceptable levels of
safety may warrant increased monitoring by TC. An evaluation of the IPB’s impact was
scheduled to be conducted in August 2017. However, at the time of this investigation, there
was no evidence demonstrating that TC had conducted this evaluation.

1.174.5  Oversight of Norjet Inc.

Since the inception of Norjet Inc. in 2008, the investigation determined that TC had
undertaken no surveillance activities to oversee and monitor the company’s flight
operations.

1.18 Additional information
1.18.1 Information processing and workload in single-pilot operations

Pilots operate in a complex environment in which there are multiple sources and types of
information to monitor. At the same time, human attention and the capacity to process
information are limited.

Workload is a function of the number of tasks that must be completed within a given amount
of time. If the number of tasks that must be completed increases, or if the time available to
complete them decreases, the workload increases. High levels of workload can adversely
affect a pilot’s ability to perceive and evaluate cues from the environment, and may result in
attentional narrowing.26 Studies have shown that individuals experiencing high workload
tend to limit their attention to the stimuli they perceive to be most important or most

2 Transport Canada, Internal Process Bulletin 2016-09 Issue 2, Temporary Changes to Surveillance
Planning and Surveillance Activities (07 December 2016).

% Ibid.

% Royal Aeronautical Society, Crew Resource Management (CRM) Standing Group, Crew Resource
Management (London, UK:1999).
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relevant to the task at hand.2” This may resultin pilots” paying attention only to certain cues,
while excluding others.

Pilot workload peaks during and shortly after takeoff,28 particularly during single-pilot night
operations in IMC. The pilot must transition rapidly from using visual cues outside the
cockpit to monitoring instruments in the cockpit in order to manage the aircraft systems and
establish an angle and rate of climb that ensure a safe departure.

To understand the conditions that were likely to have been facing the pilot during the takeoff
and initial climb, the investigation reviewed the normal sequence of required tasks. Shortly
after takeoff, after having established a positive rate of climb, a pilot would select the gear
and flaps up and confirm that they were in the correct positions. A pilot would normally use
the autopilot to assist with vertical climb, airspeed, and tracking to the navigation aid (in this
case, the non-directional beacon).

If the autopilot were not engaged, the pilot would have to hand-fly the aircraft and navigate
at the same time. This would involve establishing and maintaining an accurate climb profile,
while scanning and interpreting the aircraft’s instruments. The pilot would also be switching
radio frequencies and talking with ATC and listening and adhering to ATC clearances, as
well as inserting new altitude clearances into the altitude selector.

1.18.2 Visual-spatial orientation in low-visibility conditions

The most accurate sensory input available to pilots regarding the attitude and motion of their
aircraft comes from the visual cues provided by the horizon and /or the aircraft’s flight
instruments. When such input is not available — for example, when weather conditions or
darkness mask the horizon or when the pilot’s attention is diverted from the flight
instruments —a pilot’s sense of spatial orientation may be overpowered by the inner ear,
which is an unreliable source of sensory information in flight. The result may be spatial
disorientation — the pilot’s inability to correctly interpret the aircraft’s attitude, altitude, or
airspeed in relation to the Earth or other points of reference.2?

Night and IMC operations require that the pilot derive orientation information from other
visual cues (i.e., flight instruments). As a result, such operations are generally associated
with a higher risk of pilot spatial disorientation than operations carried out during the
daytime and in visual meteorological conditions.30 Pilots with limited IFR experience are
most susceptible to spatial disorientation.3!

27 Ibid.
28 E.L. Wienerand D. C. Nagel, Human Factors in Aviation (San Diego, U.S.: Academic Press, 1988).

2 D.G. Newman, B2007/0063, An overview of spatial disorientation as a factor in aviation accidents and
incidents (Canberra, Australia: Australian Transport Safety Bureau, December 2007).

30 Ibid.
3 Ibid.
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A number of illusions affecting the visual and /or vestibular systems can result in spatial
disorientation. Two illusions that may be relevant to this occurrence are the somatogravic
illusion and the Coriolis illusion.

The somatogravic illusion is caused by an abrupt change from climbing to level flight,
during which the vestibular system is excessively stimulated, creating the illusion of
tumbling backwards. This illusion “causes the pilot to move the elevator control forward to
lower the nose,” the result of which is “to intensify the original false perception with respect
to gravity.”32

The Coriolis illusion is caused if the aircraft is rolling or turning and the pilot moves his or
her head out of the plane of rotation. The combination of the rolling / turning and the head
motion stimulates 2 (of 3) sets of semi-circular canals in the vestibular system, creating a
sensation of rotation in the opposite direction when the rotary motion stops. “In the absence
of good visual cues, it is possible for the pilot to respond to this falseillusion by putting the
aircraft into a spin in the opposite direction.” 33

Flight conditions involving prolonged accelerations can lead to somatogravic illusions. If
these accelerations are combined with abrupt head movements, the Coriolisillusion can be
generated at the same time. The strength of these illusions can be so intense that even a
conscious cross-reference to flight instruments may be insufficient to prompt the pilot to
apply the appropriate corrective input to the flight controls.

In a multi-crew aircraft, it is uncommon for both pilots to be affected by spatial
disorientation at the same time, and effective monitoring of flight instruments by the pilot
not flying becomes critical. A single-pilot operation faces a more serious challenge with
identifying and handling spatial disorientation. If the single pilot becomes disoriented, there
is no one else to check information with, to monitor inputs, to hand over control to, or to
consult about engaging the autopilot.

1.18.3 Cockpit design and layout in relation to risk of spatial disorientation

Cockpit design, including the layout and presentation of instruments, is important in
creating a user-friendly environment that is resistant to spatial disorientation for the pilot. If
key pieces of equipment are in positions that are not easily incorporated into a pilot’s
instrument scan, the pilot may need to make significant head movements in order to turn
switches on or off during critical phases of flight. These head movements can increase the
likelihood of a Coriolis illusion. Cockpit ergonomics need to take these factors into account

so that the pilot is not required to make significant head movements during critical phases of
flight.

32 R.D. Campbell and M. Bagshaw, Human Performance and Limitations in Aviation, 3rd edition (2002),
Chapter 3:Man and the Environment: The Sensory System, p. 62.

3 Ibid., p. 63.
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The occurrence aircraft was an older-generation design, and the autopilot control was
positioned low on the centre console, between the captain’s seat and the co-pilot’s seat.

1.18.4 Limiting the risk of spatial disorientation

Knowledge and experience are key determinants of a pilot’s susceptibility to spatial
disorientation.34 Pilots are particularly susceptible to spatial disorientation when they have
few external visual attitude references. Lack of awareness of spatial disorientation also
increases the chance that it will occur3® and be unrecognized and/or incapacitating.

If a pilot is unaware of the possibility of spatial disorientation, the chances of detecting an
illusion and of adequately recovering from it are limited. Similarly, a pilot who does not
have the skills necessary to fly safely on instruments has limited chances of successfully
flying out of a disorientation event.

The Flight Safety Foundation, in its Operator’s Guide to Human Factors in Aviation,3¢ offers a
number of tips for pilots to manage in-flight spatial disorientation and visual illusions:

e Be aware of the misleading information of the vestibular organ.

e Confidence, competence, and currency in instrument flying greatly reduce the risk of
disorientation.

e Build up experience controlling the aircraft in an environment of conflicting
orientation cues.

e In moments of stress, make decisions based on the instruments; do not fall back on
instinct or perceptions.

e Recover from disorientation by making the instruments read right, regardless of your
sensation. 37

Effective, practical training is important for pilots to acquire the knowledge and skills
necessary to fly an aircraft safely and effectively, especially under challenging conditions.
Ongoing experience and regular practice improve proficiency by reinforcing lessons learned.

In unexpected situations, pilots are better prepared if they have been trained to identify
similar circumstances so that they can rapidly categorize the situation, make judgments, and
decide on an appropriate course of action. Presenting pilots with rarely experienced, high-
risk situations in low-risk conditions, such as in a flight simulator or during line training,
improves their ability to overcome spatial disorientation in the future. To mitigate the risk of
pilot incapacitation from spatial disorientation, the Australian Transport Safety Bureau

3 FlightSafety Foundation, “Managing Visual Somatogravic [llusions,” at
http:/ /www.skybrary.aero/bookshelf/ books /767.ppt (lastaccessed on 27 February 2018).

% D.G. Newman, B2007/0063, An overview of spatial disorientation as a factor in aviation accidents and
incidents (Canberra, Australia: Australian Transport Safety Bureau, December 2007).

% FlightSafety Foundation, “Managing Visual Somatogravic lllusions,” at
http:/ /www.skybrary.aero/bookshelf/ books /767.ppt (lastaccessed on 27 February 2018).

37 Ibid.
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recommends38 that pilots combine regular instrument flight exposures with in-flight
disorientation demonstrations and upset/unusual attitude recovery practice.3940

Recency of training affects whether and how well a skill is remembered. The sooner that
learning is applied after the training, the better an individual will perform. “Training
transfer” refers to individuals applying knowledge, skills, and understanding acquired in a
training (or classroom) setting to their operational duties.4! Effective training transfer can be
accomplished by applying the skills learned during training to real-world situations.42

An aircraft equipped with an autopilot system allows a pilot to maintain safe flight even
when spatially disoriented. If the autopilot is engaged and working appropriately, a
disoriented pilot can use it to overcome vestibular sensations without jeopardizing aircraft
stability by making inappropriate control inputs. Not using the autopilot, flying an aircraft
that is not equipped with an autopilot system, or having an autopilot fail can contribute to
spatial disorientation in an operating pilot.43

1.18.5 Omn-board recorders

1.18.5.1  Flight data, cockpit voice, and image/video event recorders

Numerous TSB aviation investigation reports have referred to investigators being unable to
determine the reasons for an accident because of the lack of on-board recording devices. The
benefits of recorded flight data in aircraft accident investigations are well known and
documented. 44

For several decades now, FDRs and CVRs have been conceived, designed, and installed in
order to record flight and cockpit data for accident investigation purposes. FDRs record
numerous aircraft parameters —such as altitude, airspeed, and heading — many times per
second. CVRs record radio transmissions and ambient cockpit sounds, including pilot voices,
alarms, and engine noises. Image/video recorders provide video of the crew immediately
before, during, and after an event.

3 D.G. Newman, B2007/0063, An overview of spatial disorientation as a factor in aviation accidents and
incidents (Canberra, Australia: Australian Transport Safety Bureau, December 2007).

3 M. Braithwaite, “ The British Army Air Corps in-flight spatial disorientation demonstration
sortie,” Aviation, Space, and Environmental Medicine, Vol. 68, No.4 (1997), pp. 342-345.

40 W. Collins, H. Hasbrook, A. Lennon, and D. Gay, “ Disorientation training in FA A-certified flight
and ground schools: A survey,” Aviation, Space, and Environmental Medicine, Vol.49,No.8 (1978),
pp-947-951.

4 J. Patrick, Training: Research and Practice (London, UK: Academic Press, 1992), p.76.

42 L. A. Burkeand H. M. Hutchins, “ Training Transfer: An Integrative Literature Review,” Human
Resource Development Review, Vol.6,No. 3 (2007), pp.263-296.

#  D.G. Newman, B2007/0063, An overview of spatial disorientation as a factor in aviation accidents and
incidents (Canberra, Australia: Australian Transport Safety Bureau, December 2007).

4 TSBaviation investigationreports AOTW0261, A02W0173, AO3H0002, AO5W0137, A05C0187,
A06W0139, A07Q0063, AO7W0150, AO9A0036, AO9P0187, A10P0244, A11P0117, A11Q0028,

A1100031, A11W0048, A11C0047, A11P0106, A11HO0001, A12C0005, A12W0031, A13H0002,
A14W0127 A14Q0148, and A16 A0032.
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Currently, FDRs and CVRs are considered the most comprehensive methods of capturing
large amounts of flight data for accident investigations.

Investigations can also obtain data downloaded from GPS units, engine monitors, and other
non-volatile memory sources that are not crash-protected. Investigations that can use data
from these sources, as well as from other recorders, are more likely to identify safety
deficiencies than investigations that do not benefit from FDR and CVR data.

1.18.5.2  Flight data and cockpit voice recorder requirements

In Canada, FDR and CVR regulations are specified in CARs section 605.33, Flight Data
Recorder and Cockpit Voice Recorder. Under this provision, the requirements for FDR and
CVR equipment in aircraft are based primarily on the number and type of engines, number
of passenger seats, and type of operation.

In addition, flight operations involving multi-engine turbine-powered aircraft configured
with 6 or more passenger seats, and for which 2 pilots are required by the aircraft type
certificate or by the subpart under which the aircraft is operated, also trigger CVR and FDR
requirements.

Given the characteristics and configuration of the occurrence aircraft, and the nature of its
private flight operations, C-GTNG was not required by regulation to be equipped with either
an FDR or a CVR.

1.18.5.3  Lightweight flight-data recording systems

Commercially operated aircraft weighing less than 12 500 pounds (5700 kg) are usually not
fitted at manufacture with the system infrastructure required to support an FDR, and
installing a conventional FDR would require modifications to this category of aircraft.
Moreover, many other aircraft types that are operated for non-commercial purposes are not
compatible with the installation of conventional FDRs.

To provide an accessible and feasible means of recording valuable flight-data information,
regardless of the type of aircraft and operation flown, several lightweight flight-data
recording systems that can record combined cockpit image, cockpit audio, aircraft
parametric data, and/or data-link messages are currently being manufactured. These
systems can vary in cost, design, and complexity, and are being designed for implementation
in the near future by commercial and non-commercial flight operators that are not currently
subject to FDR and CVR regulatory requirements. Thus, lightweight flight-data recording
systems are a potential alternative for some sectors of the civil aviation industry.

In 2016, Annex 6 (Parts I and III) of the International Civil Aviation Organization (ICAO)
Standards and Recommended Practices were amended to recommend that certain categories
of aircraft flown by commercial operators carry lightweight flight recorders. These Standards
and Recommended Practices apply to turbine-engine aircraft and helicopters with a
maximum take-off weight of more than 2250 kg, and for which an application for type
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certification has been submitted on or after 01 January 2018. ICAO Annex 6 defines
lightweight flight recorders as follows:

Lightweight flight recorders comprise one or more of the following systems:
an aircraft data recording system (ADRS), a cockpit audio recording system
(CARS), an airborne image recording system (AIRS) and /or a data link
recording system (DLRS). [...] Specifications applicable to lightweight flight
recorders may be found in EUROCAE [European Organisation for Civil
Aviation Equipment] ED-155, Minimum Operations Specifications (MOPS), or
equivalent documents.45

Under ICAO Annex 6, lightweight flight recorders must also comply with EUROCAE's

Minimum Operational Performance Specification for Lightweight Flight Recording Systems (ED-
155), which

defines the minimum specification to be met for aircraft required to carry
lightweight flight recording systems [...]. Itis applicable to robust on-board
recording systems, ancillary equipment and their installation in aircraft.

This document can also be used to give guidance to manufacturers intending
to develop or install lightweight flight recording systems which maybe [sic]
used for or [sic] other purposes such as flight training or flight data
monitoring. 46

Furthermore, between 2005 and 2015, 12 safety recommendations to the European Aviation
Safety Agency (EASA) by 7 different investigation bodies in Europe proposed that aircraft
not currently covered by FDR and CVR regulations be equipped with on-board flight
recorders.4’

To comply with recent amendments to ICAO Annex 6 and to respond to these
recommendations, EASA published a Notice of Proposed Amendmentin 2017, under which
new regulations would prescribe lightweight flight recorders for some categories of
commercially operated aircraft and helicopters. In addition to harmonizing its regulations
with recent amendments to Annex 6, EASA’s proposed amendments would also include
non-turbine aircraft with a maximum seating configuration of more than 9 passengers.

In Canada, there are no regulations requiring any aircraft to be equipped with a lightweight
flight-data recording system, as defined by ICAO and EUROCAE (ED-155). However, the
voluntary use of these devices by commercial and non-commercial operators is becoming

4 International Civil Aviation Organization (ICAO), Annex 6 to the Convention on International
Civil Aviation, 10th edition (July 2016), Operation of Aircraft, Partl, International Commercial Air
Transport — Aeroplanes, p. 6-4.

4 European Organisation for Civil Aviation Equipment, Standard: EUROCAE ED 155, Minimum
Operational Performance Specification for Lightweight Flight Recording Systems (July 2009), p. 2.

47 UNKG-2005-062, UNKG-2005-100, UNKG-2005-101, IRLD-2008-014, HUNG-2008-002, FRAN-
2009-008, SPAN-2012-011, NORW-2012-010, NETH-2012-001, FRAN-2013-012, FINL-2014-001, and
BELG-2015-001.
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increasingly prevalent, as more flight operators become familiar with the safety benefits of
lightweight flight-data recording systems.

1.185.4  TSB Recommendation A13-01 (May 2013)

In 2013, following its investigation into the loss of control / in-flight breakup occurrence in
March 2011 northeast of Mayo, Yukon, 48 the TSB found that, if cockpit or datarecordings are
not available to an investigation, the identification and communication of safety deficiencies
to advance transportation safety may be precluded. In the preamb]e to its recommendation,
the Board stated that,

Given the combined accident statistics for CARs Subparts 702, 703, and 704
operations, there is a compelling case for industry and the regulator to
proactively identify hazards and manage the risks inherent in these
operations. In order to manage risk effectively, they need to know why
incidents happen and what the contributing safety deficiencies may be.
Moreover, routine monitoring of normal operations can help these operators
both improve the efficiency of their operations and identify safety deficiencies
before they result in an accident. In the event that an accident does occur,
recordings from lightweight flight recording systems will provide useful
information to enhance the identification of safety deficiencies in the
investigation.

The Board acknowledged that issues will need to be resolved to facilitate the effective use of
recordings from lightweight flight-data recording systems, including integration of this
equipment in an aircraft, human resource management, and legal issues, such as restrictions
on the use of cockpit voice and video recordings.

Nevertheless, given the potential of this technology, combined with flight data
monitoring (FDM), to significantly improve safety, the Board believed that no effort should
be spared to overcome these obstacles. Therefore, the Board recommended that

the Department of Transport work with industry to remove obstacles to and
develop recommended practices for the implementation of flight data
monitoring and the installation of lightweight flight recording systems by
commercial operators not currently required to carry these systems.

TSB Recommendation A13-01

TC has acknowledged that flight data monitoring programs would enhance safety and has
taken the following actions to address the safety deficiency identified in
Recommendation A13-01:
e In 2013, after conducting a risk assessment to evaluate alternative approaches to
FDM, TC informed the TSB that it supported Recommendation A13-01. In 2015, TC
informed the TSB that it intended to revisit this risk assessment.

e In 2013, TC informed the TSB that it would develop an Advisory Circular outlining
recommended practices for FDM programs.

4 TSB Aviation Investigation Report A11W0048.
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e In 2013, TC informed the TSB that it would incorporate its analysis and review of
Recommendation A13-01 into its planned assessment for FDRs and CVRs, which was
scheduled to begin in 2014-2015.

e In 2014, TC informed the TSB that it would consider adding FDM principles to future
regulatory initiatives and amendments.

e In2015, TC informed the TSB that it would prepare an issue paper on the use of
FDM, providing factual information on FDM, including its benefits, costs, and
challenges.

However, due to other ministerial commitments, TC did notinitiate its work for any of these
undertakings.

In February 2018, TC conducted a focus group with industry, to assess the challenges and
benefits of installing lightweight flight recording systems on aircraft that are not currently
required to carry these systems.

However, until the focus group reaches conclusions concerning these challenges and benefits
in aircraft not currently required to carry them, and TC provides the TSB with its plan of
action following those conclusions, it is unclear when or how the safety deficiency identified
in Recommendation A13-01 will be addressed. The Board is concerned that few concrete
actions have been taken to address Recommendation A13-01 and that this will result in to
protracted delays, as observed on numerous other recommendations.

Therefore, the response to Recommendation A13-01 is assessed as Unable to Assess.
1.18.5.5  Demonstrated benefits of lightweight flight-data recording systems

In a recent occurrence investigated by the TSB,4° a privately operated aircraft on an IFR flight
plan struck terrain on its final approach to land. All 7 occupants were fatally injured.

A lightweight flight-data recording system was on board the occurrence aircraft, although it
was not required by regulation. TSB investigators recovered the recorder from the wreckage,
and the TSB Engineering Laboratory was able to extract and analyzeits data. The resulting
information was crucial to understanding the sequence of events that led to the aircraft’s
departure from controlled flight. Had a recording system not been on board, crucial
information to understand the circumstances and events leading up to this occurrence would
not have been available to the investigation.

In contrast, the information normally contained in flight-data recording systems was not
available to this investigation. Therefore, if investigators donot have these data, they may
not be able to fully identify and understand the underlying causal and contributory factors.

4 TSB Aviation Investigation Report A16A0032.
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Although Recommendation A13-01 targeted commercial operators, the contrast in available
evidence demonstrated by these 2 recent occurrences highlights the value of installing
lightweight flight-data recording systems on privately operated aircraft.
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2.0 Analysis
2.1 General

The aircraft departed controlled flight, for reasons that could not be determined, and collided
with terrain.

No flight, voice, or video data recordings were available to help establish a detailed sequence
of actions in the cockpit. As a result, it could not be determined whether there was an
abnormal event before the aircraft’s rapid descent. There was no indication that
environmental factors contributed to this occurrence.

Due to extensive destruction of components in the collision and post-impact fire, the
investigation could not determine whether there were any pre-existing mechanical or
electrical issues that could have resulted in the loss of control and collision with terrain. An
examination of the wreckage revealed no pre-impact separation of aircraft components.
Examination of the engines indicated that they were producing significant power at impact.
The fuel sampled from Calgary/Springbank Airport (CYBW), the source of the aircraft’s fuel,
contained no visible contamination.

There were no indications that fatigue or other physiological factors contributed to the
accident. The pilot was qualified and held the appropriate licence; however, he had not
performed the number of night takeoffs and night landings required by regulation before
conducting the occurrence flight with passengers.

There was no evidence to suggest that the passengers contributed to the accident.

The analysis will focus on a likely scenario involving spatial disorientation, on the aircraft’s
weight and balance, on technical anomalies, on Transport Canada (TC) oversight of private
operators, and on the importance of on-board flight recorders.

2.2 Spatial disorientation accident scenario

Loss of control in night instrument meteorological conditions (IMC) and the aircraft entering
an unusual attitude, such as a spiral dive, was considered a likely scenario. Cognitive and/or
physiological factors may have contributed to the loss of control by limiting the pilot’s ability
to monitor and understand the flight instruments effectively. The possibility that the pilot
experienced some combination of spatial disorientation, high workload, and attentional
narrowing associated with single-pilot operation of the aircraft was also considered.

In this occurrence, weather conditions limited visibility shortly after takeoff, requiring the
pilot to rely exclusively on flight instruments for information to help orient the aircraft.
During the initial climb, and within seconds after takeoff, the aircraft experienced rapid
changes in vertical rates of climb, decreasing from 4000 feet per minute (fpm) to 600 fpm
within about 20 seconds, then increasing to about 6000 fpm after another 10 seconds. The
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aircraft eventually reached a normal rate of climb when it was at about 5800 feet above sea
level (ASL).

The aircraft also deviated to theright of the intended track shortly after takeoff until shortly
before the loss of control. These deviations ranged from 3° to a maximum of about 20°.

Forward, intermittent acceleration during the take-off phase and climb into night IMC
conditions, followed by a reduction in vertical airspeed as the aircraft stabilized while
approaching 5800 feet ASL, may have increased therisk that the pilot experienced a
somatogravic illusion, or erroneous sensation of pitch. If, at the same time, the pilot had
made 1 or more head movements to look for or activate a flight control (for example, the
autopilot control, which was positioned low on the centre console between the seats), the risk
of stimulating the inner ear’s semi-circular canals and of producing a Coriolis illusion, and
the accompanying sensation of tumbling, would also have increased.

The high levels of workload associated with flying the aircraft alone may have led to
attentional narrowing and the pilot focusing on certain flight instruments and not others.
This situation would have further challenged the pilot’s ability to maintain control of the
aircraft.

Knowledge and awareness of spatial disorientation are associated with an improved ability
to recognize and overcome it. Recent training in how to identify spatial disorientation
improves a pilot’s ability to overcome it under real-world conditions. Flying at night, under
conditions of limited visibility and without the aid of another crew member, would have
been especially challenging for the pilot, whose night instrument flight rules (IFR) experience
during the preceding months had been limited. The pilot had flown mainly in a day-
operations environment and had limited recent IMC and night flying experience. In the

12 months before the occurrence, he had logged 25.1 hours of IMC flight time and 7.8 hours
of night flight time. Only 2 takeoffs and 3 landings in the previous 6 months had been
completed at night.

Analysis of the tasks involved in flying a similar aircraft under similar conditions (single-
pilot, night flight, IMC) showed that, shortly after taking off and establishing a positive rate
of climb, a pilot would normally select the gear and flaps up, and confirm that they were
properly stowed. Shortly after, the pilot would normally engage the autopilot to help adhere
to the profile instructions, including vertical climb, airspeed, and tracking to the non-
directional beacon, and to help trim the aircraft. If the pilot relied on a portable global
positioning system (GPS) unit, he would mostlikely check it to track to the non-directional
beacon.

At the same time, the pilot would be switching radio frequencies, and listening to and
acknowledging clearances from air traffic control (ATC). Using the autopilot would reduce
the pilot’s workload by helping to manage the flight parameters, giving the pilot more time
and opportunity to scan and interpret the instruments effectively.

The pilot contacted the Vancouver Area Control Centre (ACC) after passing through
6000 feet ASL, rather than at 4000 feet per the KELOWNA SEVEN DEP standard instrument
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departure. The fact that the pilot made the call later than it should have been made suggests
that he experienced increased workload during the climb. The delay may have been because
the pilot was trying to achieve a normal rate of climb and get the aircraft on the appropriate
track to the non-directional beacon, if he had noticed the track deviation. The pilot did not
indicate any problems when he communicated with the ACC, nor was any sense of urgency
apparent in his voice.

Another factor that may have increased the pilot’s susceptibility to spatial disorientation and
increased workload was the use of a portable (non-integrated) electronic device. When the
aircraft was cleared by the ACC to the MENBO waypoint, the pilot might have used the
portable GPS unit, because it may have been easier to interpret than the older-generation
navigation instruments on the aircraft’s instrument panel. The position of the portable GPS
unit may not have been conducive to an adequate visual scan without making additional
head movements.

The circumstances of the accident are consistent with a loss of control due to the pilot
becoming spatially disoriented, which resulted in a spiral dive. If night and instrument
proficiency are not adequately maintained, a pilot may not be able to recognize an aircraft
upset and respond appropriately, especially during high-workload situations, increasing the
risk of loss-of-control accidents.

However, without recorders, the factors that contributed to the aircraft deviating laterally
and vertically during the climb, and to its eventual loss of control, could not be conclusively
established.

2.3 Aircraft weight and balance

A centre of gravity (C of G) thatis outside of the forwardmost allowable limit increases the
aircraft’s wing loading5? and stall speed,5! and may result in a loss of control. In this
occurrence, the location of the forward C of G would have had a negligible effect on the
aircraft’s flight characteristics during takeoff, and likely did not contribute to the occurrence.
However, if weight-and-balance documents are inaccurate, there is a risk that aircraft will be
operated outside of the allowable C of G specifications, which could affect flight stability and
controllability.

24  Technical anomalies

The investigation could not determine with certainty whether the pilot had engaged the
autopilot for the climb. However, radar recordings of both the lateral and horizontal flight
paths suggest that the autopilot wasnot being used or that it was malfunctioning. The pilot
did not report any anomalies to ATC during takeoff or initial climb segments. In the event of

%  Wingloadingis the massof theaircraft divided by the wing area. Aircraft with a higher wing
loading have a smaller wingarearelative to their mass.

51 Stall speed is the minimum airspeed required by an aircraft’s airfoil to produce sufficientlift to
sustainflight.
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an autopilot failure, the design allows the system to be either disengaged or overridden by
the pilot. Therefore, the investigation concluded that it is unlikely that the autopilot
contributed to the loss of control.

The investigation found that the attitude indicator was functioning at the time of impact.
Because the attitude indicator was powered by alternating current, an inverter was likely
operating at the time of impact. However, it could not be determined which of the 2 inverters
on board was powering the attitude indicator.

The aircraft journey log indicated that the windshield anti-ice “HI” setting was inoperative.
Reported weather for the occurrence flight did not include icing conditions; therefore, the
aircraft was serviceable for the intended flight.

Federal Aviation Administration Airworthiness Directive (AD) 79-12-06 requires that the
upper and lower spar caps be inspected for cracking every 600 hours or 600 landings,
whichever comes first, unless Cessna Service Bulletin SB57-10 Rev 4 is carried out. A review
of the technical records for the aircraft determined that the last record of compliance for

AD 79-12-06 was dated 21 December 2007, and had taken place 1062 hours and 1405 landings
earlier. The investigation also determined that Cessna Service Bulletin SB57-10 Rev 4 was not
carried out. Failure of the spar caps would have resulted in an in-flight breakup or
separation of the wing from the aircraft, and the aircraft pieces would have hit the terrain a
large distance apart. Given that all components of the aircraft were accounted for at the
wreckage site, the investigation concluded that there was no in-flight breakup or separation
of the wing.

2.5 Transport Canada oversight of private operators

All transportation operators have a responsibility to manage the safety risks within their
operations. However, operators inevitably have varying degrees of ability to manage safety
effectively and comply with regulations. When operators are unable to manage safety
effectively, the regulator should intervene to proactively identify safety deficiencies, and do
so in a manner that succeeds in changing unsafe operating practices.

Private operators under Canadian Aviation Regulations (CARs) Subpart 604 currently fall
outside the scope of TC's planned surveillance. TC’s approach to oversight for private
operators relies entirely on reactive surveillance processes. By excluding private operators
from its planned surveillance, TC has exempted an entire industry sector from basic
oversight mechanisms designed to mitigate individual and systemic safety risks.

There was no record of any surveillance of Norjet Inc. between the time of its inception in
2008 and the date of the occurrence flight, 8 years later. TC did notidentify a number of
safety deficiencies with respect to Norjet Inc.’s flight operations: Norjet Inc. never obtained
TC’s operational approval for single-pilot operations on the occurrence aircraft; the pilot had
flown 61 to 68 single-pilot flights on the C500 without the required training and
endorsement; and the pilot was not in compliance with currency requirements to carry
passengers at night.
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The TSB investigation into the Fox Harbour accident>2 raised several concerns about the
implementation and operation of safety management systems (SMSs) in the business
aviation sector as well as the oversight of private operators, which led to TSB
Recommendation A09-06. In response to this recommendation, TC made a commitment to
integrate SMS regulations in CARs Subpart 604 into its surveillance program. TC stated that
it would conduct a full review of the surveillance and regulatory structure pertaining to
private operators and that it would develop new CARs Subpart 604 regulations to bring
private operators into the TC surveillance-planning framework. However, TCreversed its
position in 2016, when it exempted private operators from its planned national surveillance
program.

This investigation has found that TC’s efforts have yet to rectify concerns about TC’s
surveillance of private operators. TC was unable to identify safety deficiencies with the
company’s SMS. Moreover, TC was unable to identify potential safety risks related to the fact
that the pilot was the sole person responsible for administering the SMS in his combined
roles of chief pilot, operations manager, safety officer, and person responsible for
maintenance.

The current approach to oversight for private operators may be inadequate to correct unsafe
practices and conditions in the business aviation sector. Without a surveillance program in
place for private operators in the business aviation sector, TC’s approach to surveillance will
not foster a timely rectification of safety deficiencies, thus allowing unsafe practices to
emerge and persist.

If TC does not effectively oversee private operators, this sector of aviation may be exposed to
higher risks that could lead to an accident.

2.6 On-board flight recorders

The lack of flight data severely limited the opportunity to identify safety deficiencies that
may have been significant. Safety deficiencies that are notidentified during an accident
investigation cannot be targeted or eliminated through safety action. In order to identify
findings as to cause, contributing factors, and risk, as well as safety deficiencies, investigators
need to determine the events, circumstances, and factors that led to an accident. In this
investigation, critical flight and voice data—such as aircraft systems data, pilot actions,
aircraft response, ambient sounds, engine noises, and other parameters —were not available
to investigators.

Any type of recording system is an invaluable source of information. Not only do these
systems provide objective data that can assist investigators in establishing possible causes,
but they also corroborate the sequence of events. Flight data recorder (FDR) and cockpit
voice recorder (CVR) data are used during accident investigations to piece together what the
aircraft was doing and what pilot actions were taken in the minutes leading up to the

52 TSB Aviation Investigation Report AO7A(0134.
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occurrence. Recorders increase the opportunity to fully understand why an accident
occurred and to identify safety deficiencies that may be significant.

For decades, operators of large passenger aircraft have benefitted in another way from on-
board FDRs and CVRs to advance safety: they have used FDR information for internal flight-
data monitoring and quality assurance programs for flight operations. These programs help
airlines manage safety in a proactive manner.

Lightweight FDR technology is also available for installation in smaller aircraft. These
systems can record aircraft performance data, cockpit audio, and image data, and are
increasingly being adopted by operators around the world.

The European Organisation for Civil Aviation Equipment’s Minimum Operational Performance
Specification for Lightweight Flight Recording Systems defines the minimum specifications for
lightweight flight-data recording systems. TC does not currently have any regulatory
requirements or specifications regarding lightweight recorders.

If flight data, voice, and video recordings are not available to an investigation, the
identification and communication of safety deficiencies to advance transportation safety may
be precluded.
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3.0
3.1

3.2

3.3

Findings
Findingsas to causes and contributing factors

The aircraft departed controlled flight, for reasons that could not be determined, and
collided with terrain.

Findingsas to risk

If flight data, voice, and video recordings are not available to an investigation, the
identification and communication of safety deficiencies to advance transportation
safety may be precluded.

If night and instrument proficiency are not adequately maintained, a pilot may not be
able to recognize an aircraft upset and respond appropriately, especially during high-
workload situations, increasing the risk of loss-of-control accidents.

If weight-and-balance documents are inaccurate, there is a risk that aircraft will be
operated outside of the allowable centre-of-gravity specifications, which could affect
flight stability and controllability.

If Transport Canada does not effectively oversee private operators, this sector of
aviation may be exposed to higher risks that could lead to an accident.

Other findings

Federal Aviation Administration Airworthiness Directive (AD) 79-12-06 requires that
the upper and lower spar caps be inspected for cracking every 600 hours or

600 landings, whichever comes first, unless Cessna Service Bulletin SB57-10 Rev 4 is
carried out. A review of the technical records for the aircraft determined that the last
record of compliance for AD 79-12-06 was dated 21 December 2007, and had taken
place 1062 hours and 1405 landings earlier.

The investigation determined that there is no formal process in place at Transport
Canada to assess and grant an operational approval for single-pilot operations on a
Cessna Citation 500.

Given that all components of the aircraft were accounted for at the wreckage site, the
investigation concluded that there was no in-flight breakup or separation of the wing.
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4.0 Safety action
4.1  Safety action taken

The Board is not aware of any safety action taken following this occurrence.

4.2 Safety concern
4.2.1 Owersight of private operators

The TSB investigation into this occurrence demonstrates how the safety of private operators
may be compromised when Transport Canada (TC) excludes the entire business aviation
sector from its planned surveillance program. Because no surveillance activity ever took
place at Norjet Inc. in its 8 years of existence, TC was unaware of safety deficiencies in its
flight operations.

In its investigation into an occurrence involving a private operator at Fox Harbour
Aerodrome, Nova Scotia,5 the TSB raised several concerns regarding the inadequate
implementation of safety management systems (SMSs) for private operators and concluded
that TC had not exercised effective oversight over the business aviation sector.

In 2011, TC resumed the oversight and administration of business aviation, which had
previously been delegated to the Canadian Business Aviation Association, and, in 2014,
implemented new Canadian Aviation Regulations (CARs) Subpart 604 regulations. However,
in 2016, TC introduced temporary changes to its surveillance policy>4 to exclude private
operators and other certificate holders5> from its national oversight program. Therefore,
concerns still persist in this sector.

In 2016, following its investigation into a May 2013 fatal helicopter accident in Moosonee,
Ontario, 56 the TSB determined that TC’s approach to surveillance at the time of the
occurrence, along with issues in the implementation of SMSs, precluded TC from ensuring
that operators were effectively managing safety. Therefore, the TSB recommended that

the Department of Transport require regular SMS assessments to evaluate the
capability of operators to effectively manage safety.

TSB Recommendation A16-13

Although Recommendation A16-13 wasissued in the context of an investigation involving a
commercial operator, the fatal accident involving Norjet Inc. demonstrates, in a similar

5 TSB Aviation Investigation Report AO7A0134.

3 Transport Canada, Internal Process Bulletin 2016-09 Issue 2, Temporary Changes to Surveillance
Planning and Surveillance Activities (07 December 2016).

%5 CARsSubpart702 (aerial work operators), CARs Subpart 305 (heliports), and Standard 563
(organizations distributing aeronautical products).
5% TSB Aviation Investigation Report A13H0001.
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fashion, that the lack of regular surveillance in the business aviation sector currently does not
allow TC to assess the capability of private operators to effectively manage safety.

Under TC’s current surveillance policy, and its reactive approach to oversight in the private
operator sector, thereis the potential for another serious incident or accident involving a
private operator. Without regular surveillance audits and inspections, TC cannot validate the
effectiveness of a CARs Subpart 604 operator’'s SMS or identify and address safety
deficiencies in a timely manner, thus allowing unsafe practices to emerge and persist.

Therefore, the Board is concerned that a reactive approach to oversight, in which private
operators are excluded from TC’s national planned surveillance program, may expose the
business aviation sector to higher risks that could lead to an accident.

The Board will continue to monitor this safety issue.

4.3 Safety action required

4.3.1 Canadian Aviation Regulations Subpart 604 private operators: Lightweight flight-
data recording systems

Following a fatal accident with no survivors or witnesses, an investigation may never be able
to determine the exact causes and contributing factors unless the aircraftis equipped with an
on-board recording device. The benefits of recorded flight data in aircraft accident
investigations are well known and documented.57

Currently, flight data recorders (FDRs) and cockpit voice recorders (CVRs) are considered
the most comprehensive methods of capturing large amounts of flight data and can assist
investigators in determining the reasons for an accident. FDRs record information such as
altitude, airspeed, heading, and other aircraft parameters, many times per second. CVRs
record radio transmissions and ambient cockpit sounds, such as pilot voices, alarms, and
engine noises.

In Canada, FDR and CVR regulations are specified in section 605.33 of the CARs, Flight Data
Recorder and Cockpit Voice Recorder. Under this provision, the requirements for CVR and
FDR equipment in aircraft are based primarily on the number and type of engines, number
of passenger seats, and type of operation. Given the design characteristics and
configurations, many aircraft flown by private operators, including the occurrence aircraft,
are not required by regulation to be equipped with either an FDR ora CVR.

To provide an accessible and feasible means of recording valuable flight data information,
regardless of the type of aircraft and operation flown, several lightweight FDR systems

5 TSBaviation investigationreports AO1W0261, A02W0173, A03H0002, A0O5W0137, A05C0187,
A06W0139, A07Q0063, AO7W0150, A09A0036, AO9P0187, A10P0244, A11P0117, A11Q0028,
A1100031, A11W0048, A11C0047, A11P0106, A11H0001, A12C0005, A12W0031, A13H0002,
A14WO0127, A14Q0148, A15P0081, and A16A0032.
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currently manufactured can record combined cockpit image, cockpit audio, aircraft
parametric data, and/or data-link messages.

In 2016, the International Civil Aviation Organization (ICAO) amended Annex 6 of its
Standards and Recommended Practices to recommend that certain categories of aircraft and
helicopters flown by commercial operators carry lightweight flight recorders.> ICAO

Annex 6 also establishes the minimum specifications for such systems. To comply with
recent amendments to ICAO Annex 6 and to address 12 safety recommendations issued by

7 different investigation bodies in Europe,>® the European Aviation Safety Agency published
a Notice of Proposed Amendment in 2017, under which new regulations would prescribe
lightweight flight recorders for some categories of commercially operated aircraft and
helicopters.

Although there are currently no regulations in Canada requiring any aircraft to be equipped
with lightweight FDR systems, these devices provide a potential cost-effective alternative for
some sectors of the civil aviation industry.

In 2013, following its investigation into a fatal in-flight breakup occurrence in March 2011
northeast of Mayo, Yukon,® the TSB concluded there was a compelling case for
implementing lightweight FDR systems for all commercial operators, and recommended that

the Department of Transport work with industry to remove obstacles to and
develop recommended practices for the implementation of flight data
monitoring and the installation of lightweight flight recording systems by
commercial operators not currently required to carry these systems.

TSB Recommendation A13-01

TC has acknowledged that flight data monitoring programs would enhance safety and has
taken the following actions to address the safety deficiency identified in
Recommendation A13-01:

e In 2013, after conducting a risk assessment to evaluate alternative approaches to
flight-data monitoring (FDM), TC informed the TSB that it supported
Recommendation A13-01. In 2015, TC informed the TSB that it intended to revisit this
risk assessment.

e In2013, TC informed the TSB that it would develop an Advisory Circular outlining
recommended practices for FDM programs.

%  International Civil Aviation Organization (ICAO), Annex 6 to the Convention on International
Civil Aviation, 10th edition (July 2016), Operation of Aircraft, Partl, International Commercial Air
Transport — Aeroplanes, p. 6-4.

% UNKG-2005-062, UNKG-2005-100, UNKG-2005-101, IRLD-2008-014, HUNG-2008-002, FRAN-
2009-008, SPAN-2012-011, NORW-2012-010, NETH-2012-001, FRAN-2013-012, FINL-2014-001, and
BELG-2015-001.

6 TSB Aviation Investigation Report A11W0048.
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e In 2013, TC informed the TSB that it would incorporate its analysis and review of
Recommendation A13-01 into its planned assessment for FDRs and CVRs, which was
scheduled to begin in 2014-2015.

e In 2014, TC informed the TSB that it would consider adding FDM principles in future
regulatory initiatives and amendments.

e In 2015, TC informed the TSB that it would prepare an issue paper on the use of
FDM, providing factual information on FDM, including its benefits, costs, and
challenges.

Due to other ministerial commitments, TC has not initiated its work for any of these
undertakings.

In February 2018, TC conducted a focus group with industry stakeholders, including the
Canadian Business Aviation Association, to evaluate the challenges and benefits of installing
lightweight flight recording systems on aircraft that are not currently required to carry these
systems.

However, until the focus group reaches conclusions concerning these challenges and benefits
in small aircraft, and TC provides the TSB with its plan of action following those conclusions,
it is unclear when or how the safety deficiency identified in Recommendation A13-01 will be
addressed. The TSB is concerned that very few concrete actions are being taken to address
Recommendation A13-01 and that this could lead to protracted delays, as observed on
numerous other recommendations.

In a recent occurrence investigated by the TSB, ¢! a privately operated Mitsubishi MU-2B-60
aircraft struck terrain on its final approach to Iles-de-la-Madeleine Airport, Quebec. All

7 occupants were fatally injured. A lightweight FDR system was on board the occurrence
aircraft, although it was not required by regulation. By recovering the recorder and
extracting its data for analysis, the investigation was able to better understand the sequence
of events that led to the aircraft’s departure from controlled flight. Had a recording system
not been on board, crucial information to understand the circumstances and eventsleading
up to this occurrence would not have been available to the investigation.

In contrast, the information normally contained in FDR systems was not available to this
investigation. The investigation could not determine why the aircraft departed controlled
flight and collided with terrain. Because the occurrence aircraft was not equipped with any
type of FDR or CVR, the lack of flight data precluded investigators from fully identifying
and understanding the sequence of events and the accident’s underlying causes and
contributing factors.

Although Recommendation A13-01 targeted commercial operators, the contrast in available
evidence demonstrated between the Iles-de-la-Madeleine accident and this occurrence
highlights the value of installing lightweight FDR systems on privately operated aircraft.
This investigation demonstrates that investigators are at a disadvantage in determining the

61 TSB Aviation Investigation Report A16A0032.
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root causes of an occurrence when there are no flight data available, regardless of whether
the investigation involves an aircraft operated commercially under CARs Part VII or a
business aircraft operated privately under CARs Subpart 604.

There is compelling evidence that the lack of recording devices on board commercial aircraft
and private aircraft operated under CARs Subpart 604 continues to impede the TSB’s ability
to advance transportation safety. Therefore, the Board recommends that

the Department of Transport require the mandatory installation of lightweight
flight recording systems by commercial operators and private operators not

currently required to carry these systems.
TSB Recommendation A18-01

This report concludes the Transportation Safety Board of Canada’s investigation into this occurrence.
The Board authorized the release of this report on 28 February 2018. It was officially released on
26 April 2018.

Visit the Transportation Safety Board of Canada’s website (www.tsb.gc.ca) for information about the
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
T'SB has found that actions taken to date are inadequate, and that industry and requlators need to take
additional concrete measures to eliminate the risks.
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Appendices
Appendix A- KELOWNA SEVEN DEP standard instrument departure
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l I CYLW-5ID-2A
KELOWMNA, BT

KELCIWHA SEVEN DEP (cyuwe) CYLW
Departure Route Description

All rwys: Maintain 9000 or as assigned. Contact Vancowvar Centre aflar passing
4000. Expaect clearance o fighl planned altifudefight level S minutes after
deparure.

Rwy 16 = Ve Requines a minimem cimb gradient of 400 /MM 10 5700, Climb hdg 159%,
intercept INBD track 231° to “Y'W8B" NDB. Then climb OBD track 231° from
“YWE" NDB for vecions to fled/assigned route,
Note: Trees to 1409 ASL within 0.2 MM of depariure end of rwy,

Rwy 34 - V5 Requires a minimem climb gradient of 500 fMk to 3700, Climb INBD track
ta 330° 1o LW NDB, Then cimb OBD track 330 frorm “LW™ NDB for vectons
to flediassigned route.

Mote: Aircraf wnable 10 meet the requingd climb gradeent shauld nefor 10
Kelowna Departure Procadure,

DEPARTURE CLINE RATE VIV [FPM)

GROUND SPEED | 60 | 930 | 140 | 160 | 180 [ 200 | 250
400 FTiid G | B0 | 940 | 100 | 1200 1340 1670
00 FTM 750 | 1000 1970 | 1240 | 1500 | 1670

gl

g

Communication Failure
On recognition of failure 10 minutes or less after lake-off and in IFR weather condstions,
proceed as follows:
1. Select Iransponder code TE00;
2. Maintain tas! assigned lransition waypoint;
3. Upon reaching assigned transition waypoinl, proceed directly on course, then
4. Climb to flight planned altitude.
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NOTE: W communication failure occurs more than 10 minutes after take-off, comply with the
appropdaatt procedunt for Communication failure enrute,
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Source: Canada Air Pilot (effective 0901Z 15 September 2016 to 0901Z 10 November 2016)
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Appendix B - Private operator registration document application form
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