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Synopsis

On 2 September 1998, Swissair Flight 111 departed New York, United States of America, at

2018 eastern daylight savings time on a scheduled flight to Geneva, Switzerland, with 215
passengers and 14 crew members on board. About 53 minutes after departure, while cruising at
flight level 330, the flight crew smelled an abnormal odour in the cockpit. Their attention was
then drawn to an unspecified area behind and above them and they began to investigate the
source. Whatever they saw initially was shortly thereafter no longer perceived to be visible.
They agreed that the origin of the anomaly was the air conditioning system. When they assessed
that what they had seen or were now seeing was definitely smoke, they decided to divert. They
initially began a turn toward Boston; however, when air traffic services mentioned Halifax,
Nova Scotia, as an alternative airport, they changed the destination to the Halifax International
Airport. While the flight crew was preparing for the landing in Halifax, they were unaware that
a fire was spreading above the ceiling in the front area of the aircraft. About 13 minutes after the
abnormal odour was detected, the aircraft’s flight data recorder began to record a rapid
succession of aircraft systems-related failures. The flight crew declared an emergency and
indicated a need to land immediately. About one minute later, radio communications and
secondary radar contact with the aircraft were lost, and the flight recorders stopped functioning.
About five and one-half minutes later, the aircraft crashed into the ocean about five nautical
miles southwest of Peggy’s Cove, Nova Scotia, Canada. The aircraft was destroyed and there
were no survivors.

Ce rapport est également disponible en frangais.






How THIS REPORT IS ORGANIZED

How This Report Is Organized

This report was prepared in accordance with International Civil Aviation Organization
standards and recommended practices,” and with Transportation Safety Board (TSB) standards
for investigation reports. In keeping with these standards, the report is organized into the
following main parts:

*  Part 1, Factual Information: Provides objective information that is pertinent to the
understanding of the circumstances surrounding the occurrence.

e  Part 2, Analysis: Discusses and evaluates the factual information presented in Part 1
that the Board considered when formulating its conclusions and safety actions.

e Part 3, Conclusions: Based on the analyses of the factual information, presents three
categories of findings: findings as to causes and contributing factors to the occurrence;
findings that expose risks that have the potential to degrade aviation safety, but that
could not be shown to have played a direct role in the occurrence; and “other”
findings that have the potential to enhance safety, or clarify issues of unresolved
ambiguity or controversy.

e Part4, Safety Action: Based on the findings of the investigation, recommends safety
actions required to be taken to eliminate or mitigate safety deficiencies, and records
the main actions already taken or being taken by the stakeholders involved.

Note: Owing to the scope of the Swissair 111 investigation, various supporting technical
information (STI) materials are referenced throughout the report. STI materials are peripheral to
the report and are not required to develop a complete understanding of the facts, analyses,
conclusions, or recommended safety actions. Rather, the STI materials expand, in technical
detail, on the information provided in the report. A superscript “STIx-yyy” is inserted into

the report wherever such a reference exists. In the hard-copy version, the number “x” identifies
the part of the report, and “yyy” identifies the reference within the part, as indicated in
Appendix E — List of Supporting Technical Information References. In the electronic version of
the report, such references are hyperlinked directly to the applicable location in the electronic
version of the STI. Appendix E is not included in the electronic version.

The report also consists of the following appendices and background material, which are
referenced in the report:

*  Appendix A - Flight Profile: Selected Events: A chronological depiction of the
intended itinerary, actual flight profile, and selected events during the occurrence,
presented in Coordinated Universal Time (UTC).

*  Appendix B - Swissair Air Conditioning Smoke Checklist: The checklist used by
Swissair to isolate a source of smoke originating from an aircraft air conditioning
system.

" For more detailed information on International Civil Aviation Organization standards, refer to
International Standards and Recommended Practices, Annex 13 to the Convention on International Civil Aviation,
Aircraft Accident and Incident Investigation, Ninth Edition, July 2001.
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*  Appendix C - Swissair Smoke/Fumes of Unknown Origin Checklist: The checklist
used by Swissair to isolate a source of smoke or fumes originating from an unknown
source.

*  Appendix D - Timeline: A chronological list of events for the duration of the
occurrence, presented in UTC.

e Appendix E - List of Supporting Technical Information References: A list of all STI
material references for the report.

*  Appendix F - Glossary: An alphabetical list of abbreviations, acronyms, and
initialisms used throughout the report.

Available Formats

The report can be viewed in the following formats:

e  Paper.

e Compact Disc (CD-ROM) attached to the back cover of the paper report (compatible
with Microsoft® Windows 95® or higher).

*  On the TSB web site at http://www.tsb.gc.ca.

The STI materials can be viewed:

*  On the TSB web site at http://www.tsb.gc.ca.
*  On Compact Disc (CD-ROM) along with the investigation report
(compatible with Microsoft® Windows 95® or higher).

Readers can print copies of the report and STI materials from the CD-ROM or TSB web site.
To obtain additional copies of the report, please contact

TSB Communications Division
Place du Centre

200 Promenade du Portage

4™ Floor

Gatineau, Quebec K1A 1K8
Canada

Telephone: (819) 994-3741
Fax: (819) 997-2239

E-mail: communications@tsb.gc.ca

For instructions on how to order hard copies of the STI materials from the TSB, see the Order
Form at the end of this report.
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FACTUAL INFORMATION

1.0  Factual Information

The investigation of the Swissair Flight 111 (SR 111) occurrence was complex and involved
detailed examination of many operational and technical issues. The information in Part 1 of the
report is organized into the subject areas specified by the International Civil Aviation
Organization investigation report format. While the investigation uncovered many facts with
respect to the flight, the aircraft, maintenance, personnel, and so on, only factual information
that is pertinent to understanding the SR 111 occurrence is provided in this part along with
some preliminary evaluation (first-stage analysis) that serves as a basis for the Analysis,
Conclusions, and Safety Action parts of the report.

1.1 History of the Flight

This section summarizes, in chronological order according to Coordinated Universal Time
(UTC),' the main events that occurred during the flight and that are directly related to the
SR 111 occurrence ending with the aircraft’s impact with the water near Peggy’s Cove,
Nova Scotia, Canada. Refer to Appendix A — Flight Profile: Selected Events for a graphical
representation of the flight path of the aircraft.

At 0018 UTC (2018 eastern daylight savings time) on 2 September 1998, the McDonnell Douglas®
(MD) MD-11, operating as SR 111, departed John F. Kennedy (JFK) International Airport in
Jamaica, New York, United States of America (USA), on a flight to Geneva, Switzerland. Two
pilots, 12 flight attendants, and 215 passengers were on board. The first officer was the pilot
flying. At 0058, SR 111 contacted Moncton Air Traffic Services (ATS) Area Control Centre (ACC)
and reported that they were at flight level (FL) 330.”

At 0110:38, the pilots detected an unusual odour in the cockpit and began to investigate. They
determined that some smoke was present in the cockpit, but not in the passenger cabin. They
assessed that the odour and smoke were related to the air conditioning system. At 0114:15,

SR 111 made a Pan Pan* radio transmission to Moncton ACC. The aircraft was about 66 nautical
miles (nm) southwest of Halifax International Airport, Nova Scotia. The pilots reported that

' All times are Coordinated Universal Time (UTC) unless otherwise noted. In UTC time, the flight
occurred on 3 September 1998. For eastern daylight savings time, subtract four hours; for Atlantic daylight
time, subtract three hours.

>On 1 August 1997, McDonnell Douglas (MD) merged with The Boeing Company, and Boeing became
responsible for the MD-11 type certificate.

* Altitudes above 18 000 feet are indicated as flight levels (FL) and are based on a standard altimeter
setting of 29.92 inches of mercury. To derive an approximate altitude from a flight level, add two zeros to
the indicated FL. For example, FL330 is about 33 000 feet above sea level.

* Pan Pan is an expression, spoken three times in succession, used in the case of an urgency: a condition
concerning the safety of an aircraft or other vehicle, or of some person on board or within sight, but that
does not require immediate assistance (as defined by International Civil Aviation Organization AN10II,
Chapter 5, paragraph 5.3.1.1).
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there was smoke in the cockpit and requested an immediate return to a convenient place. The
pilots named Boston, Massachusetts, which was about 300 nm behind them. The Moncton ACC
controller immediately cleared SR 111 to turn right toward Boston and to descend to FL310. At
0115:06, the controller asked SR 111 whether they preferred to go to Halifax, Nova Scotia. The
pilots expressed a preference for Halifax, which was considerably closer. They immediately
received an ATS clearance to fly directly to Halifax, which was by then about 56 nm to the
northeast. At this time, the pilots donned their oxygen masks.

At 0116:34, the controller cleared SR 111 to descend to 10 000 feet above sea level,” and asked for
the number of passengers and amount of fuel on board. The pilots asked the controller to stand
by for that information. At 0118:17, the controller instructed SR 111 to contact Moncton ACC on
radio frequency (RF) 119.2 megahertz (MHz). SR 111 immediately made contact with Moncton
ACC on 119.2 MHz and stated that the aircraft was descending out of FL254 on a heading of
050 degrees’® on course to Halifax. The controller cleared SR 111 to 3 000 feet. The pilots
requested an intermediate altitude of 8 000 feet until the cabin was ready for landing.

At 0119:28, the controller instructed SR 111 to turn left to a heading of 030 for a landing on
Runway 06 at the Halifax International Airport, and advised that the aircraft was 30 nm from the
runway threshold. The aircraft was descending through approximately FL210 and the pilots
indicated that they needed more than 30 nm. The controller instructed SR 111 to turn to a
heading of 360 to provide more track distance for the aircraft to lose altitude. At 0120:48, the
flight crew discussed internally the dumping of fuel based on the aircraft’s gross weight, and on
their perception of the cues regarding the aircraft condition, and agreed to dump fuel. At
0121:20, the controller made a second request for the number of persons and amount of fuel on
board. SR 111 did not relay the number of persons on board, but indicated that the aircraft had
230 tonnes (t) of fuel on board (this was actually the current weight of the aircraft, not the
amount of fuel) and specified the need to dump some fuel prior to landing.

At 0121:38, the controller asked the pilots whether they would be able to turn to the south to
dump fuel, or whether they wished to stay closer to the airport. Upon receiving confirmation
from the pilots that a turn to the south was acceptable, the controller instructed SR 111 to turn
left to a heading of 200, and asked the pilots to advise when they were ready to dump fuel. The
controller indicated that SR 111 had 10 nm to go before it would be off the coast, and that the
aircraft was still within 25 nm of the Halifax airport. The pilots indicated that they were turning
and that they were descending to 10 000 feet for the fuel dumping.

At 0122:33, the controller heard, but did not understand, a radio transmission from SR 111 that
was spoken in Swiss—German, and asked SR 111 to repeat the transmission. The pilots indicated
that the radio transmission was meant to be an internal communication only; the transmission
had referred to the Air Conditioning Smoke checklist (see Appendix B — Swissair Air
Conditioning Smoke Checklist).

5 All altitudes below 18 000 feet are indicated as above sea level, unless otherwise noted. Note: Sea level
is equivalent to mean sea level.

® All headings are degrees magnetic unless otherwise noted.
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At 0123:30, the controller instructed SR 111 to turn the aircraft farther left to a heading of 180,
and informed the pilots that they would be off the coast in about 15 nm.” The pilots
acknowledged the new heading and advised that the aircraft was level at 10 000 feet.

At 0123:53, the controller notified SR 111 that the aircraft would be remaining within about 35 to
40 nm of the airport in case they needed to get to the airport in a hurry. The pilots indicated that
this was fine and asked to be notified when they could start dumping fuel. Twenty seconds
later, the pilots notified the controller that they had to fly the aircraft manually and asked for a
clearance to fly between 11 000 and 9 000 feet. The controller notified SR 111 that they were
cleared to fly at any altitude between 5 000 and 12 000 feet.

At 0124:42, both pilots almost simultaneously declared an emergency on frequency 119.2 MHz;
the controller acknowledged this transmission. At 0124:53, SR 111 indicated that they were
starting to dump fuel and that they had to land immediately. The controller indicated that he
would get back to them in just a couple of miles. SR 111 acknowledged this transmission.

At 0125:02, SR 111 again declared an emergency, which the controller acknowledged. At 0125:16,
the controller cleared SR 111 to dump fuel; there was no response from the pilots. At 0125:40, the
controller repeated the clearance. There was no further communication between SR 111 and the

controller.

At approximately 0130, observers in the area of St. Margaret’s Bay, Nova Scotia, saw a large
aircraft fly overhead at low altitude and heard the sound of its engines. At about 0131, several
observers heard a sound described as a loud clap. Seismographic recorders in Halifax,

Nova Scotia, and in Moncton, New Brunswick, recorded a seismic event at 0131:18, which
coincides with the time the aircraft struck the water. The aircraft was destroyed by impact
forces. There were no survivors.

The accident occurred during the hours of darkness. The centre of the debris field, located on
the ocean floor at a depth of about 55 metres (m) (180 feet), was at the approximate coordinates
of latitude 44°24'33" North and longitude 063°58'25" West.

Table 1 conveys the general time frame of the events between the first detection of an unusual
odour in the cockpit and the time of impact with the water.

” The controller had indicated earlier to the crew that they would have about 10 nautical miles (nm) to
fly before crossing the coastline. When initially cleared to turn left, the aircraft had been flying at almost
7 nm per minute and had travelled slightly farther north than the controller had originally estimated,
before starting the turn.
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Table 1: Elapsed Time for Key Events

UTC Elapsed Time | Event

Time (minutes)

0110:38 00:00 Unusual smell detected in the cockpit

0113:14 02:36 Smoke assessed as visible at some location in the cockpit; no smell
reported in cabin

0114:15 03:37 SR 111 radio call: “Pan Pan Pan”; diversion requested naming
Boston (It is unknown whether visible smoke was still present in
the cockpit)

0115:36 04:58 Decision made to divert to Halifax, Nova Scotia

0120:54 10:16 Decision made to dump fuel

0123:45 13:07 CABIN BUS switch selected to OFF

0124:09 13:31 Autopilot 2 disengages, and the flight data recorder (FDR) begins
to record aircraft system failures

0124:42 14:04 Emergency declared

0125:02 14:24 ATS receives last communication from SR 111

0125:41 15:03 Recorders stop recording

0131:18 20:40 Impact with water

For a more detailed description of the timeline, sequence of events, and flight profile, refer to
sections 1.18.8.3 and 1.18.8.4, and to Appendix A — Flight Profile: Selected Events and
Appendix D — Timeline.

1.2 Injuries to Persons
Table 2: Injuries to Persons
Crew Passengers Others Total
Fatal 14 215 - 229
Serious - - - -
Minor/None - - - -
Total 14 215 - 229

Post-accident medical and pathological information that describes the nature of the injuries is
presented in Section 1.13, Medical Information.
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1.3 Damage to Aircraft

The aircraft was destroyed by the forces of impact with the water. Most aircraft debris sank to
the ocean floor. Initially, some aircraft debris was found floating in the area where the aircraft
struck the water, while other debris had drifted slightly west of the crash location. Over the next
several weeks, debris from the aircraft was also found floating in shoreline areas and washed up
on various beaches.

1.4 Other Damage

Jet fuel was present on the surface of the water near the impact site for a few hours before
evaporating. There was no apparent damage to the environment from the aircraft debris. The
area surrounding the impact site was closed to marine traffic, including local fishery and tour
boat operations, during salvage operations that lasted for approximately 13 months.

1.5 Personnel Information

1.5.1 General

The SR 111 flight crew consisted of a captain and a first officer. The cabin crew consisted of a
maitre de cabine (M/C) and 11 flight attendants.

A flight operations officer provided standard flight preparation support to the flight crew before
their departure from JFK airport.

Two air traffic controllers at Moncton ACC had radio contact with the aircraft: a high-level
controller and a terminal controller.

1.5.2 Flight Crew
Table 3: Flight Crew Information

Captain First Officer

Age 49 36
Pilot licence Swiss Airline Transport Swiss Airline Transport

Pilot Licence Pilot Licence
Medical expiration date 1 November 1998 1 July 1999
Total flying hours 10 800 4 800
Hours on type 900 230
Hours last 90 days 180 125
Hours on type last 90 days 180 125
Hours on duty prior to occurrence 3 3
Hours off duty prior to work period 27 27
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1.5.2.1 Captain

The pilot-in-command (captain) of SR 111 was described as being in good health, fit, and not
taking any prescribed medication. He was described as someone who created a friendly and
professional atmosphere in the cockpit and was known to work with exactness and precision. It
was reported that there was no tension in the cockpit when flying with this captain.

The captain began flying for recreation in 1966 at the age of 18. In 1967, he joined the Swiss Air
Force and became a fighter pilot. He began his career with Swissair in July 1971 as a first officer
on the McDonnell Douglas DC-9 and later transitioned as a first officer to the McDonnell
Douglas DC-8.

He was upgraded to captain status in April 1983 on the DC-9 and flew the McDonnell Douglas
MD-80 as pilot-in-command from 1986 to 1994. In August 1994, he completed transition training
to fly the Airbus A320, and became an A320 captain and instructor pilot. In June 1997, he
completed transition training on the MD-11. He was qualified and certified in accordance with
Swiss regulations. ®™ He held a valid Swiss airline transport pilot licence (ATPL). His
instrument flight rules (IFR) qualifications for Category I and Category III approaches were valid
until 21 October 1998. His flying time with Swissair totalled 9 294 hours. His last flying
proficiency check was conducted on 23 February 1998.

The captain had never been exposed to a regulatory or administrative inquiry. There is no
record to indicate that he had experienced an actual in-flight emergency at any time during his
flying career.

As well as being a line pilot, the captain was an instructor pilot on the MD-11. He instructed in
the full flight simulator on all exercises, including the pilot qualification training lesson where
the Smoke/Fumes of Unknown Origin checklist is practised (see Appendix C — Swissair
Smoke/Fumes of Unknown Origin Checklist). The captain was known to give detailed briefings
to his students before, during, and after their simulator sessions. To increase his aircraft
knowledge, the captain would question technical specialists in the maintenance department
about the aircraft and its systems. During “smoke in the cockpit” training sessions, the captain
required the students to explain all the steps and consequences of using the “electrical and air
smoke isolation” (SMOKE ELEC/AIR) selector® prior to conducting the exercise. During these
sessions, it was the captain’s practice to ensure that the pilot reading the checklist would inform
the pilot flying what services he or she was about to lose prior to turning the selector.

During wreckage recovery, a prescription for eyeglasses for the captain was found among the
recovered personal effects. The prescription correction was for distance vision. No glasses
identified as belonging to the captain were recovered. The available information indicates that
the captain did not normally wear eyeglasses except sometimes for distance vision correction.
The captain met the visual standard without glasses on his last aviation medical examination.
The presence or absence of the captain’s glasses would not have affected his ability to deal with
the situations that he encountered in this occurrence.

8 The SMOKE ELEC/AIR selector is also known as the SMOKE switch.
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Based on a review of the captain’s medical records, there was no indication of any pre-existing
medical condition or physiological factors that would have adversely affected his performance
during the flight. His last medical examination took place on 29 April 1998; no medical
restrictions applied to his pilot licence.

1.5.2.2 First Officer

The first officer was described as being in good health and as not taking any prescription
medication. He was considered to be experienced, well qualified, focused, and open-minded in
performing the duties of a first officer. His cockpit discipline was described as ideal. He was
described as a partner in the cockpit, with a quiet and calm demeanour; he was assertive when
appropriate.

The first officer started flying in 1979, became a Swiss Air Force pilot in 1982 and completed his
full-time military service in 1990. He joined Swissair in 1991 as a first officer on the MD-80 while
continuing to fly in the air force part-time as a fighter pilot. In December 1995, he transitioned to
the Airbus A320 as a first officer. In May 1998, he successfully completed his training as a first
officer on the MD-11. He held a valid Swiss ATPL, which was issued in August 1996.

The first officer had never been exposed to a regulatory or administrative inquiry. There is
no record to indicate that he had experienced an actual in-flight emergency at any time
during his flying career. He was qualified and had been certified in accordance with Swiss
regulations. ®™? His last proficiency check was on 16 April 1998.

The first officer had been an instructor on the MD-80 and A320, and at the time of the
occurrence, was an instructor on the MD-11 as a simulator and transition instructor. He had
accumulated 230 hours of flying time on the MD-11 and was described as having good
knowledge of the aircraft systems. His flying time with Swissair totalled 2 739 hours.

Based on a review of the first officer’s medical records, there was no indication of any
pre-existing medical condition or physiological factors that would have adversely affected his
performance during the flight. His last medical examination took place on 15 June 1998; no
medical restrictions applied to his licence.

1.5.3 Cabin Crew

The M/C and the other 11 flight attendants were fully qualified and trained in accordance with
the existing Joint Aviation Authorities (JAA) regulatory requirements. ¢

1.5.4 Seventy-Two-Hour History

A review of the flight and duty times for the flight and cabin crew revealed that they were all in
accordance with the limitations prescribed by Swissair policies and JAA regulations.

The captain was off duty from Saturday, 29 August, up to and including Monday, 31 August,
and was reported to have been well rested prior to departing for the outbound flight from
Zurich to Geneva to New York on Tuesday, 1 September. Normal crew rest time was allocated
to the crew while in New York.
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The first officer was off duty from 30 to 31 August, and was reported to have been well rested
prior to reporting for duty on Tuesday, 1 September.

On 1 September the two members of the flight crew, and 7 of the 12 cabin crew deadheaded’
from Zurich to Geneva on Swissair Flight 920 (SR 920). The aircraft departed the gate in Zurich
at 0643, arriving at the gate in Geneva at 0723. The remaining five flight attendants joined the
rest of the aircraft crew in Geneva. The flight and cabin crews assumed flying duties on Swissair
Flight 110 (SR 110), Geneva to New York. SR 110 departed the gate in Geneva at 1018, arriving
in New York at 1835 on 1 September. The aircraft used for SR 110 was not the accident aircraft.

In accordance with Swissair procedures, on 2 September 1998, the day of the homebound flight
to Geneva, the pilots received at their hotel a pre-flight information package from the Swissair
Flight Operations Centre (FOC) at JFK airport. Included in this package was flight routing,
weather, and aircraft weight information (i.e., weight based on preliminary information).

The aircraft crew checked out of their hotel in New York at 1750 local time (2150 UTC) on

2 September 1998 and arrived at the airport one hour before the scheduled departure time for
SR 111 of 1950 local time (2350 UTC). On arrival at the airport, all aircraft crew members passed
through terminal security and checked their bags at the Swissair check-in area. The cabin crew
proceeded directly to the aircraft. The pilots reported to the FOC where they completed their
flight planning and then proceeded to the aircraft. The flight departed the gate in New York at
1953 local time (2353 UTC).

The aircraft crew’s circadian' time was likely close to Swiss time (UTC plus two hours) as they
would not have had enough time in New York to significantly adjust their circadian rhythm to
local (New York) time. Their circadian time was not considered to be a factor in the occurrence.

1.5.5 Air Traffic Controllers

All of the Nav Canada air traffic controllers involved with the SR 111 flight were current and
qualified for their positions in accordance with existing Canadian regulations. The controllers
were considered to be suitably experienced (see Table 4) and were being supervised as required.
At the time of the occurrence, the workload of the controllers in the Moncton ACC was assessed
as light. The initial SR 111 radio communications with Moncton ACC were handled by the
high-level controller who, at 0118:11, handed off the ATS function to the terminal radar
controller for the approach and landing at Halifax