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PURPOSE OF THE TECHNICAL INVESTIGATION

The investigation of this accident, as required by Article 827 of the Italian Navigation Code,
was conducted following the requirements of ICAO ANNEX 13 to the Chicago Convention,
December the 7t 1944, approved and made executive in Italy by Legislative Decree of March oth
1948, n. 616, and ratified with Law of April 17th 1956, n. 561.

Agenzia Nazionale per la Sicurezza del Volo (ANSV) performs its investigations with the
only purpose of accident and serious incidents prevention, excluding any appraisal of blame or

responsibility (art. 3, paragraph 1, Legislative Decree of February the 25th 1999, n. 66).

ANSYV issues a report upon completing the accident investigation or a statement in the case
of incident investigation; such report/statement may include Safety recommendations with the pur-
pose of preventing accidents and incidents (art. 12, paragraph 1 and 2, Legislative Decree of
February the 25t 1999, n. 66).

In all reports ANSV will safeguard the privacy of all persons involved in the event and of
those that contributed information during the investigation. Anonymity will be granted to all persons

involved in the events (art. 12, paragraph 3, Legislative Decree of February the 25th 1999, n. 66).

Reports and Statements and associated Safety recommendations are never intended to
apportion blame or responsibility (art. 12, paragraph 4, Legislative Decree of February the 25th
1999, n. 66).

This document is released in accordance with and under the provisions of Legislative Decree n. 66
of February 25, 1999 institutive of ANSV. Copying, distribution or the use of this document (total-
ly or partially) for commercial purposes is forbidden.
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GLOSSARY

AFCAS: Automatic Flight Control and Augmentation System
AFL: Aircraft Flight Log

AML: Aircraft Maintenance Log

AOC: Air Operator Certificate

AOM: Aircraft Operations Manual

APU: Auxiliary Power Unit

ARTS: Automatic Thrust Restoration System
ASR: Air Safety Report

ATC: Air Traffic Control

ATIS: Automatic Terminal Information Service
ATRS: Automatic Thrust Reserve System

BASIS: British Airways Safety Information System
BOM: Basic Operations Manual

CA: Cabin Attendant

CB: Circuit Breaker

CVR: Cockpit Voice Recorder

DAQCP: De-icing/Anti-icing Quality Control Pool
DFDAU: Digital Flight Data Augmentation Unit
DFDR: Digital Flight Data Recorder

EFIS: Electronic Flight Instrument System

EFSU: Engine Failure Sensing Unit

Engine No 1: left engine

Engine No 2: right engine

EPR: Engine Pressure Ratio

ESOC: Emergency Shut Off Cock

FADEC: Full Authority Digital Engine Control
FMP: Flight Mode Panel

FMS: Flight Management System
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FOD: Foreign Object Damage

FSM: Flight Safety Manager

JAA: Joint Aviation Authorities

JAR: Joint Aviation Requirements (JAA)

MCT: Maximum Continuous Thrust

MFDS: Multi Function Display System

MFDU: Multi Function Display Unit

MFO: Manager Flight Operations

MGO: Manager Ground Operations

MME: Maintenance Management Exposition

MPH: Maintenance Post Holder (JAR-OPS definition)

N1: Low pressure compressor (RPM — revolutions per minute)
N2: High pressure compressor (RPM — revolutions per minute)
OAT: Outside Air Temperature

OP/SOV: Over Pressure and Shut Off Valve

PF: Pilot Flying

PFD: Primary Flight Display

PLA: Power Lever Angle

PNF: Pilot Not Flying

QA: Quality Assurance

QNH: Atmospheric pressure referred to sea level measured in hPA
RAT: Risk Assessment Team

ROM: Regional Operations Manual

RVSM: Reduced Vertical Separation Minimum

TAT: Total Air Temperature

TGL: Temporary Guidance Leaflet

TOGA: Take-off/Go-around thrust

TOW: Take-off Weight

UTC: Universal Time Coordinated
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SYNOPSIS

On February 16, 2002, flight KL 1636 (KLM Cityhopper) was scheduled to depart from Caselle
Airport in Torino at 05.50 UTC (06.50 local time) for Schiphol Airport in Amsterdam. The Fokker

70, PH-KZH, arrived in Torino the previous evening and was operated by a different crew.

After receiving the flight preparation information the crew of KL 1636 determined that refuelling
would not be necessary for the flight to Amsterdam. During the pre-flight inspection the Captain
decided that the aircraft needed to be de-iced. After the de-icing operation the aircraft was visually
inspected by the Captain. Due to the delay caused by the de-icing procedure the aircraft departed
Torino at 06.33.

During rotation the left engine (No.1) developed fan vibration followed immediately by the failure
of the right engine (No.2) at lift off. The crew executed a right hand turn at 1.500 feet QNH and
proceeded to a holding fix to prepare for a single engine return to Torino. A PAN PAN PAN call

was transmitted.

When executing the emergency procedure for the failed engine the first officer could not move the
fuel lever to the closed position. Apart from the engine failure, the crew had to deal with an
Autothrottle alert, Cabin Pressure alert, Fuel Asymmetry alert, Centre Tank Pumps alert, a Vibration

High Engine 1 alert and an Icing alert.

Whilst manoeuvring around the holding fix the crew became aware that their only remaining engine

was not running smoothly. A MAYDAY was declared.

The aircraft was eventually vectored by ATC for an ILS on runway 36 at Torino. The autothrottle
was not available for the entire flight and the auto pilot was disconnected just below 1.000 feet after

which a manual landing was made.

The Captain vacated the runway and stopped the aircraft to evaluate the situation. The fact that the
fuel lever could not be closed was discussed again by the crew and it was decided to pull the fire
handle and discharge a fire-extinguishing bottle into engine No. 2. The Captain then taxied the air-

craft to a parking position.
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The crew noticed when inspecting the aircraft that engine No. 2 was badly damaged and that the
ignition system was still operating. The ignition circuit breaker was pulled. The local authorities
were informed about the incident and after a telephone conversation with the KLLC Fokker 70 Chief

Pilot, the cockpit voice recorder circuit breaker was pulled.

The investigation was initiated under the responsibility of the “Agenzia Nazionale per la Sicurezza
del Volo” — ANSV (Italian Air Safety Board) and according to ICAO Annex 13 an Accredited
Representative from the Dutch Transport Safety Board (DTSB) was appointed.

After notification of the incident representatives from KLLM Cityhopper (KLC) and Martinair (MPH)
which is the contracted maintenance provider, arrived in Torino on the same day as the incident

while representatives from Fokker Services (FS) and Rolls-Royce (RR) arrived the following day.
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CHAPTER 1

FACTUAL INFORMATION

1. FACTUAL INFORMATION

KLM Cityhopper (KLC) is a Regional Airline with its main hub at Schiphol Amsterdam. At the
time of the incident the company operated with 13 Fokker 50 and with 15 Fokker 70 aircraft to
several airports within Europe. Martinair (MPH) is the contracted maintenance provider and as
such monitors its own Quality Control and provides maintenance service according to the spec-
ifications of the operator and manufacturer.

Fokker Services (FS), which is part of the Stork group of companies, as Type Certificate Holder
provides all after-sales services, including modifications, major inspections and overhaul for the
Fokker 70.

The Fokker 70 is a medium sized jet aircraft with 2 rear-mounted Tay 620-15 engines that were
manufactured by Rolls-Royce (RR).

KLC develops and conducts flight crew and cabin crew training for the Fokker 50 and Fokker
70 aircraft. The Quality Assurance Department, apart from monitoring company procedures in
general, is responsible for developing and executing audit programs for ground-handling agents
at all KLC destinations.

Although the KLC aircraft was one step de-iced/anti-iced with Type II/ 50% fluid it was not the
intention of the Captain to anti-ice the aircraft. For the purposes of this report therefore, the de-
icing/anti-icing of the aircraft will only be referred to as de-icing.

All times mentioned in the report are in UTC.

1.1. HISTORY OF THE FLIGHT

1.1.1. General

KLM Cityhopper (KLC) operates scheduled passenger flights, with Fokker 70 aircraft, on a
daily basis between Schiphol Airport at Amsterdam (EHAM) and Caselle Airport at Torino
(LIMF). PH-KZH operated back and forth to Torino during the day on the 15th of February 2002
and also the last flight during the evening, KL 1649, which arrived in Torino at 20.15. The sched-

uled arrival time was 20.35. The aircraft had uplifted enough fuel in Amsterdam for the return
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flight from Torino. The crew rostered to conduct the early morning flight, KL. 16.36 on the 16th
February, with a departure time 05.50 had operated into Torino during the previous afternoon on
the 15th February at 14.33.

SAGAT was the handling agent for KLC in Torino. They were contracted for flight planning, air-
craft cleaning, ticketing, fuel services and de-icing/anti-icing. Crew information in the Regional
Operation Manual (ROM) stated that one and two-step de-icing facilities were available in

Torino and that the inspecting company was Alitalia.

1.1.2. Previous flight and conditions

KL 1649 was refuelled in Amsterdam at 19.05 on the 15th February with 6.785 litres of Jet A-
1 ( specific gravity of 0,806 kg ). The aircraft departed with 7.930 kg of fuel on board. The total
flying time to Torino was 1 hour and 17 minutes and the aircraft remained at a cruising level of
FL 330 for approximately 40 minutes. The Outside Air Temperature (OAT) was ISA-5, which
was equivalent to —55°C. According to the FDR the resulting Total Air Temperature (TAT) dur-
ing cruise varied from —33°C to —26°C.

The weather conditions upon arrival in Torino were: wind 050/04, visibility 7.000 meters, light
rain, scattered cloud at 800 ft, overcast cloud at 2.000 ft, temperature 2° C, dew point 0° C and
QNH 1022. The Captain of the inbound flight reported to the investigation team, encountering
icing conditions during the approach with snow changing to rain below 1.000 ft.

According to the Aircraft Flight Log (AFL) 5.080 kg of Jet A-1 fuel remained on board after

engine shut down.

1.1.3. Parking situation

The aircraft remained overnight on the ramp at Y-4 parking position. The nose of the aircraft was
pointed in a Westerly direction leaving the right hand side of the aircraft exposed to the North-
Westerly wind (see Appendix A). The aircraft was parked on the Y-row together with a BAe 146
at Y-5 and a Meridiana MD 80 at Y-6.

During the night the wind was from the West, North West direction which changed later to an
East, North-East direction with a speed varying from 2 to 8 knots. There was a low cloud cover,

light rain and snow fell throughout the night. The temperature ranged from 2°C to 0°C and the
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dew point ranged from 0° to —1°C. The QNH was 1022 hPa (see Appendix B). No preventive

anti-icing was requested.

1.1.4. Flight preparation

The crew for KL 1636 left their hotel at 04.30 and arrived at the airport 25 minutes later. During
the drive from the hotel it was raining. They had had no contact with the inbound crew from the
previous evening.

The Captain and the first-officer collected the flight plan, and were informed of a departure slot
time of 06.00, which would mean a delay of 10 minutes to the normal schedule. After weather
information and NOTAMs were collected from the SAGAT briefing office, the entire crew then
proceeded via the crew transport bus to the aircraft.

They arrived at the aircraft at approximately 05.15. It was dark and raining. The METAR at
05.20 was: wind 010/06, 7.000 meters visibility, rain, scattered cloud at 800 feet, overcast cloud
at 1.800 feet, temperature 2°C, dew point 0° C, and QNH 1022.

There was no external power connected to the aircraft and the APU was not running. The cabin
attendants (CA) commenced cabin preparations while the first officer entered the cockpit to per-
form the power-up checklist and cockpit preparations which included starting the APU. He
recorded an indicated fuel quantity of 5.010 kg in the AFL. The aircraft was not refuelled as there
was sufficient fuel remaining on board for the flight to Amsterdam. The first officer noticed a loud
rumbling noise beneath the floor on the right side of the cockpit. The number 2 air conditioning
pack was recorded in the aircraft maintenance log (AML) as making a loud rumbling noise.

The Captain, who was to be the pilot flying (PF), took the dynalight from the forward galley
position 221 and went outside to perform an external inspection of the aircraft. The SAGAT de-

icing truck No.l was standing near the aircraft.

1.1.5. Pre-flight inspection

During the external inspection it was dark and still raining. The Captain observed ridges of ice,
1.5 to 2 centimetres thick, under the leading edges of the wings. He also observed, as far as pos-
sible without using a ladder, 1 to 2 millimetres of slushy water and ice in small areas on top of
the wing and slush on the trailing edge of the left wing. The Captain stated that the ridges of ice
beneath the wings were starting to melt slowly. He did not touch any part of the wing surfaces

because he commented that he had already decided that the aircraft would have to be de-iced.
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He did not specifically ask for an anti-ice treatment, as he did not consider that icing conditions

existed at the time. No fan ice check was performed.

Twenty-three of the final total of thirty passengers arrived at the aircraft at 05.30. A second bus
arrived a short time later with the seven other passengers. The load sheet indicated a take-off
weight (TOW) of 31.610 kg, which was 6.385 kg less than the maximum take-off weight of
37.995 kg.

1.1.6. De-icing procedures

The Meridiana MD-80, scheduled flight IG 194 from Torino to Catania, was parked at Y-6. The
Captain of this aircraft decided, after noticing frost on the wings and in consultation with the
Alitalia technician who was in charge of the ground operations for the flight, that a two-step de-
icing/anti-icing procedure should be performed. The MD-80 was being refuelled and the fuel
temperature was +4°C with a specific gravity of 0.810. The MD 80 tanked 5.100 litres of fuel to
give the required block fuel of 10.000 kg. The de-icing operation started at 06.06 and the MD-
80 departed Torino at 06.25. The de-icing/anti-icing operation was conducted by SAGAT de-
icing truck No.2. An Alitalia technician monitored the operation and performed a post-de-icing
inspection.

De-icing of KL 1636 was commenced at 05.55 using 413 litres Kilfrost ABC 3, Type 1I/50% de-
icing fluid and spraying was completed by 06.10. The de-icing was done by SAGAT de-icing
truck No.1.

According to the de-icing operator he de-iced the upper side of the wings as normally required,
and on request of the Captain he de-iced the under side of the wings and the horizontal stabiliz-
er. The Captain did not specify any specific type or mixture of de-icing fluid to be used. The de-
icing truck operator stated that he requested the pilot “to control the result” of the de-icing, to
which he also stated, the pilot answered “OK Good”.

During the cockpit preparation the crew were aware that the de-icing operation was taking place
and they had the impression that a lot of fluid was being used. The Captain and the first officer
had a discussion about the quality of de-icing.

Two months prior the Captain reported a negative experience with de-icing, during which he dis-
covered that there was still ice present on top of the wings after de-icing. On the basis of his
recent de-icing experience the Captain decided that he should go outside the aircraft to check the

wings. It was not normal procedure for KLC crew to perform a post de-icing inspection when
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an inspecting company is mentioned in company publications.

The Captain noticed a lot of fluid coming from the wings dripping on to the ground. He did a
visual check of the under surface of both wings and noticed that the ridges of ice beneath the
wings had now disappeared. He did not touch either of the wings.

The de-icing operator handed over a signed document confirming the execution of the de-icing
operation and the Captain counter-signed this document. The space for the supervising agent
was not signed (see Appendix C).

In the meantime, due to the de-icing operation, the 06.00 UTC slot expired.

1.1.7. Engine start and taxi-out

The crew briefed the expected departure together with the non-standard engine failure proce-
dure. The procedure in this case was that in the event of an engine failure the aircraft should
maintain runway track until 1.500 feet QNH (approximately 511 feet above ground level) and
then turn right onto a track of 110 degrees. The take-off was to be performed with engine anti-
ice selected on, TOGA thrust, Flaps 0° and a reduced V1 speed for a wet runway operation.
The ATIS recorded by the crew was: 06.28, runway 36, wind 040/3 kts, 6.000 meters visibility,
light rain, scattered clouds at 500 feet, overcast at 1.800 feet, temperature 1°C, dew point 0°C,
QNH 1023. The first officer requested start-up at 06.10 and was informed by ATC that the slot
had expired. At 06.17 KL 1636 received a new slot of 06.40 and start up was approved.

At 06.25 the aircraft taxied from Y-4 to the holding point of runway 36.

At 06.26 the ATC clearance: KLM 1636 cleared to Amsterdam via SIRLO 5A MATOG 7M, ini-
tial climb to FL 120, Squawk 0406, was received (see Appendix D).

At 06.28 KL 1636 approached the holding point runway 36 and called ready for departure. The
aircraft was cleared to line up on runway 36 but had to wait for almost 5 minutes before take-off
clearance was given.

At 06.33 the take-off clearance was received, the wind was calm.

1.1.8. Take-off roll, rotation and lift-off

During the take-off roll the crew experienced all engine indications and aircraft acceleration to
be normal. According to the DFDR fourteen seconds after the engines had achieved full take-off
power, rotation was commenced at 126 knots indicated airspeed.

The first officer described hearing “a kind of bang, not really loud” just as he gave the “rotate “

call to the Captain.

ANSYV FINAL REPORT - N. 1/2/04 5



The second cabin attendant (CA2) seated in the rear of the aircraft heard a very loud ‘bang’ just
after lift off and noticed one of the luggage bins at row number 11 fall open. She also recalled
seeing a yellow flame outside on the right side of the aircraft. She had eye contact with the for-
ward cabin attendant (CA1) who was expressing “intense concern” and a lot of passengers were
also looking at her.

One passenger (an Italian engineer) later described that he thought he saw an “orange object fly
over the right hand wing which then hit the fuselage and moved backwards”. After that he said
he “heard a loud bang”. The ATC tower controller also noticed sparks behind one engine after
lift-off.

During rotation an increase in fan vibration of Engine No.l was recorded by the Digital Flight
Data Recorder (DFDR). Immediately after there was a 0,04 decrease in EPR in the same engine
which recovered slowly back to the target value (see Appendix E).

At lift off, fan vibration in Engine No.2 increased significantly, followed immediately by a sud-
den loss of oil pressure and fuel flow. At the same time the fan vibration in Engine No.1 went
above the limit that triggers an alert. There was a 2-3 degree yaw to the right and a slight roll to
the right was recorded. The “level 17alert for the Engine No.1 high vibration was inhibited until
400 feet and a level 3 master warning (repetitive triple chime with two flashing red master cau-
tion lights) was generated for Engine No2. An alert message (ENG 2 FAIL) appeared on the left
Multi Function Display Unit (MFDU) and the associated procedure appeared on the right
MFDU. Airspeed was 141 knots. There was an initial vertical speed of 2.500 feet per minute
recorded followed by a reduction to 640 feet per minute.

Just after lift off the autothrottle system failed. The level 2 alert for this failure was also inhibit-
ed until 400 feet but an amber flashing (MAN) in the thrust mode window appeared on both
Primary Flight Displays (PFDs).

1.1.9. Climb-out

Fourteen seconds after lift off the DFDR indicated that a “gear up” selection was made and
“heading” was selected on the Flight Mode Panel (FMP) and indicated on the Electronic
Flight Instrument System (EFIS). Six seconds later one of the crew cancelled the master warn-
ing alert. At 400 feet the first officer engaged auto pilot No 1. upon command of the Captain and
a master caution (one double chime with 2 flashing amber master caution lights) was presented
for the dual autothrottle failure. Three alert messages were now visible on the left MFDU, (ENG
2 FAIL, AUTOTHROTTLE 1&2 and VIB HI ENG 1). The alert procedure for the engine failure
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was still presented on the right MFDU. (Until 400 feet both the autothrottle alert and the high
vibration alert had been inhibited). The master caution lights were not cancelled and remained
on for several minutes.

The Captain was aware that the autothrottle would not be available (normally the autothrottle
would re-clutch at either thrust reduction altitude, FMP altitude or selection of another thrust
mode) and as he commenced a right turn he asked the first officer to perform the alert procedure
for the engine failure. The first officer commenced the procedure and at this time he also noticed
that the autothrottle was disconnected and so he advised the Captain of this. When he attempt-
ed to select the fuel lever to shut it only moved a few centimetres before it became mechanical-
ly jammed. The first officer made 3 further attempts to shut the fuel lever. He did not feel any
vibration in the fuel lever but the fact that he could not shut it bothered him. The Captain asked
him to continue with the alert procedure.

There was no fire warning and the Captain confirmed that there was still N1 and N2 rotation in
the right engine. The fire handle was not pulled.

The Captain continued the right turn onto a heading of 139 degrees. At 30 seconds after lift-off
the first officer transmitted a PAN PAN PAN call to the tower controller at Torino during which
he stated “we have an engine failure steering on the right setting on to track 110.” The controller
replied and requested the aircraft to call another radio frequency (see Appendix F).

One minute and fifteen seconds after lift off, at 1.500 feet above the ground the aircraft com-

menced accelerating to its final take-off climb speed.

Note: This speed is calculated by the flight management computer which was the best climb per-

formance speed based on actual weight.

Although the ATC clearance was to Flight Level 120 the crew decided to continue to climb to
only 6.000 feet QNH and proceed towards the holding fix ‘SIRLO’. The first officer entered the
SIRLO holding in the flight management system and checked the minimum safe altitude on the
departure chart. At 1.500 feet a level 2 master caution alert was generated for the cabin pres-
surization (the last inhibition phase before cruise ends at 1.000 feet, so the alert condition must
have become active at 1.500 feet). However, the visual and aural attention getters were not given,
because of the not yet cancelled master caution light.

The alert message (CAB PRESS CTL CHAN) (level 1) was reportedly presented on the left
MFDU but an alert procedure for (CAB PRESS CTL) (level 2) was presented on the right
MFDU beneath the autothrottle failure procedure.
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The cabin pressure control failure was confirmed by a fault light on the overhead panel and it
could also be felt in the ears. The first officer briefly checked the emergency checklist for the
cabin pressure control failure and the Captain announced that he would continue flying using
manual throttle.

The radar controller called the aircraft and after the first officer initially asked the controller to
“stand by” there was a brief conversation between the controller and the first officer. The aircraft
was offered radar vectors for an immediate return to Torino however, the first officer informed
the controller that they would first proceed to SIRLO and hold there until they were ready for an
approach.

The crew decided that holding at SIRLO was more desirable than radar vectors for they would
know exactly where they were in relation to the surrounding terrain.

The aircraft captured the inbound track of 105 degrees towards SIRLO and approximately two
minutes later commenced levelling off at 6.000 feet. The EPR thrust limit was selected to
Maximum Continuous Thrust (MCT) as the forward speed started to increase. At 3 minutes and
28 seconds after lift off, a “level 1”’fuel asymmetry alert with a single chime sounded. A (FUEL
ASYM) alert message appeared on the left MFDU. Both pilots were surprised by this alert.
Twenty three seconds later the Captain reduced power on the left engine, and another three sec-
onds later the fan vibration of engine No.1 decreased below the limit.

The (VIB HI ENG 1) alert procedure appeared with header “in white” on the right MFDU (Alert
procedures change from amber to white when the alert is no longer valid).

At the same time the first officer commented that “the aircraft was not flying really well and that

the engine did not feel smooth”.

1.1.10. MAYDAY call

Approximately seven minutes after lift off (and 6 1/2 minutes after the first call to ATC) the
Captain issued a MAYDAY call and requested emergency services at Torino. ATC again respond-
ed with radar vectors for an immediate return but the Captain replied that he would call when he
was ready. Two minutes later the MFDS status page was selected. The Captain stated that he did

not want to waste any more time going in detail through all the emergency checklists.

Note: The MFDS status page indicates all active system failures.
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1.1.11. Approach preparation

The Captain called the cabin attendant by interphone to tell her what was happening and that she
could expect a normal landing in 10 to 15 minutes. After this he also made an announcement to
the passengers with the same information and added that if they had any questions that they
should ask the cabin crew.

Both cabin attendants stood up and started walking through the cabin.

The CA1 was concerned about the vibration in the cabin floor and she had the feeling that “this
was taking too long”. She became angry with the situation and wanted the crew to put the air-
craft on the ground as soon as possible. The CA2 also felt the floor vibration. She attempted to
calm the CA1 and decided to talk with the passengers to take her own mind off the situation.
The Captain accidentally deleted the SIRLO holding pattern from the flight management system
and the aircraft flew in a figure 8 type of pattern around SIRLO (see Appendix F). During this
time a nuisance “level 17alert for centre tank fuel pumps occurred with a single chime and the

associated alert procedure appeared on the right MFDU.

1.1.12. Approach and landing

Approximately ten minutes after the MAYDAY call, KL 1636 requested radar vectors for an ILS
approach to runway 36 at Torino (see Appendix D). The wind was from 040 degrees at 3 knots,
visibility was 6 kilometres in moderate rain with scattered cloud at 500 feet and overcast cloud
at 1.800 feet.

The aircraft was cleared to 4.000 feet and had approximately 28 track miles to touchdown.
During the level off at 4.000 feet, 20 miles from the runway threshold a power increase on
Engine Nol caused the fan vibration to go above the limit that triggered an alert for 7 seconds.
The CAL also felt vibration in the floor of the cabin and described it as being more severe than
before.

The aircraft intercepted the localiser and glide slope for the runway and, at the outer marker an
‘ICING’ alert occurred. The first officer selected wing and tail de-ice on. At approximately 1.500
feet both pilots could see the runway. At 1.000 feet the Captain disconnected the auto pilot and
landed the aircraft 28 minutes and 20 seconds after lift off. The landing was described by both

cabin attendants as being “very soft”.
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1.1.13. After landing

After standing on the taxiway for 8 minutes during which several actions were performed con-
sistent with the taxi-in procedures, the status page of the MFDU was selected once again.
Engine No.2 fire handle was pulled and bottle of extinguishing agent discharged. The fire
brigade followed the aircraft to the parking position. The Captain then taxied onto the apron and

parked the aircraft.

1.1.14. After parking

After the passengers were disembarked and external power was connected to the aircraft, the
Captain contacted by mobile telephone the Chief pilot and Company MPH and gave a brief
description of the incident.

Several people then entered the aircraft including ambulance personnel, police and others from
the Italian Civil Aviation Authority (ENAC).

After about 1 hour the entire crew went outside and described Engine No.2 to be badly damaged.
They also heard a “ticking” sound coming from the engine. The Captain returned to the cockpit
and pulled the circuit breakers for the Engine No. 2 igniters and after this the “ticking” noise
stopped.

The crew were surprised that the handling agent could not open the forward cargo door.

Note: It was established later in the day that a large wooden object being transported in the for-
ward cargo hold had wedged in a position that prevented the door mechanism from operating.
The cargo net, when secured, provides a 10 cm. by 10 cm. lattice type webbing between the cargo

and the cargo door. However the net had not been secured.

A request to interview the crew came from the Italian Civil Aviation Authority and SAGAT
transported them to the Civil Aviation Authority office. Copies were made of relevant aircraft
documents, the aircraft flight log, crew licences and their medical certificates. At this time the
crew were told by the officer on duty that a large flame had been seen coming out of the right
engine at take-off.

After the aircraft landed a runway inspection was performed by the airport authorities several
pieces of engine debris and some pieces of clear ice were found between taxiway D and C on
the right hand side of the runway centre line (see Appendix A).

The crew returned to the aircraft and after another telephone conversation with the chief pilot the

Captain pulled the circuit breakers for the cockpit voice recorder (CVR). The entire crew were
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transported to Amsterdam by another company aircraft later the same afternoon.

The KLC investigation team arrived in Torino at approximately 14:30 the same day. The aircraft
had been left ‘untouched’. All cockpit switch positions, instrument readings, pulled circuit
breakers and other relevant information was recorded.

After co-ordination with the Italian Investigation Authority another runway inspection was per-
formed. Several more parts of the right hand engine were recovered. Finally the aircraft was

towed to a remote position for further investigation the following day.

1.1.15. Crew Communication

On board the Fokker 70 the CA1 is seated adjacent to the forward passenger entry door and the
CAZ2 is seated at the rear bulkhead.

The CA 1 stated that the take-off run was experienced as normal but when the aircraft nose lift-
ed a loud scraping noise was heard from right side, somewhere afterward in the aircraft. She
described the noise as being “like a platform luggage trolley was trapped between the gear and
the runway”. The CA 1 sensed that the aircraft from her perspective was climbing very slowly.
Because of the angle of the curtains in the galley she concluded that the aircraft was still climb-
ing. She heard aural alerts from the cockpit and she also heard when these stopped. She had the
feeling that “the crew was still working on it”.

The CA 1 could not recall the exact moment she felt the development of vibration in the cabin
floor but this raised her concern significantly. The vibrations stopped for a while but when they
reoccurred they felt “much more severe”. She recalled that after the gear was lowered the vibra-
tions stopped.

The CA 2 experienced all as normal and routine until the aircraft lifted off the runway. Just after
lift off she heard a “very loud bang” and at the same time one of the luggage bins at row 11 fell
open and she saw a yellow flame outside the aircraft. She also experienced the floor vibration
but made the association that the remaining engine had “fo work harder”.

The CA1 immediately contacted the CA 2 by cabin interphone and expressed her concern about
the situation. She made particular mention of the cabin floor vibration.

Just after the aircraft entered the SIRLO holding the Captain contacted the CA 1 by interphone.
He stated that there was a failure of the right engine, which forced them to return to Torino and
a normal landing was to be expected after approximately 15 minutes. The Captain did not ask if
the cabin crew experienced anything abnormal and the CA 1 did not request for additional infor-
mation. At this time the CA 1 did not consider to inform the cockpit about the abnormalities

noticed in the cabin.
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The Captain made a brief announcement to the passengers with the same information he had
relayed to the CA 1. He also stated that any further questions could be directed to the cabin atten-
dants. No further passenger announcements were made by the Captain during the flight.

The CA 2 got out of her seat and started to walk through the cabin speaking with several passen-
gers and assuring them that the announcement by the Captain indicated a routine return to Torino

due to a technical problem. A passenger in row 15 asked if the flame she saw outside was normal.

1.2. INJURIES TO PERSONS

Injuries Crew Passenger Other

Fatal - - -

Serious / Minor - - -

None 4 30 -

1.3. DAMAGE TO AIRCRAFT
1.3.1. General damage

Several sharp pits (fingernail size) were visible above the right hand side windows (windows 3
and 7, counting from aft) on top of the fuselage. Two windows were scratched. Three scratches
were found on the right wing; one in front of the engine and two near the inboard flap track. No
damaged tires or loose exterior panels were found. There was no evidence of runway debris

damage on the underside of the fuselage or the stabilizer.

1.3.2. Engine damage

A summary of the Rolls-Royce engine damage report along with analysis and reasons for the
damage are reported in paragraph 2.2. ANALYSIS OF POWERPLANT.
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1.3.2.1. Right engine (No. 2)

One fan blade was completely broken off near the root of the blade (see photograph 1 Appendix
G). Three fan blades were broken off at approximately 50% of the fan blade length. One fan
blade was broken at approximately 80% of the fan blade length, with 20% of the blade missing.
Almost all leading edge tips of the remaining blades were damaged. There was also damage to the
trailing edge of the fan blades. Some remains of the broken fan blades were found behind the fan.
The accessory gearbox and the hydraulic pump housing were cracked. The PLA (Power Lever
Angle) transducer was hanging on its wiring. The throttle linkage was detached from the fan
case. The upper and lower cowling door opening rods were found loose with impact marks from
the forward opening rod in the lower cowling door.

The automatic activation of the emergency fuel shut off mechanism caused the fuel lever in the
cockpit to be locked in the open position. Operation of the mechanism modifies the geometry of
the fuel lever on the engine (the straight lever changes into an angled lever). As a consequence
the input lever on the HP fuel cock on the engine is pushed to the shut stop. Hence an input by
the cockpit fuel lever, which is still in the open position, towards the shut position is made
impossible because the HP fuel cock input lever on the engine is already at the shut stop.
There was a small hole in the engine inlet and in the by-pass duct near the low-pressure turbine.
The o-ring seal around the rear engine mount was loose.

There was no evidence of bird ingestion. Scratches were found on the engine inlet, which
appeared to be caused by material spiralling out of the engine.

The engine was sent to Rolls-Royce for further analysis.

1.3.2.2. Left engine (No. 1)

Five of the fan blade leading edge tips were bent forward. No damage was found on the remain-

ing fan blades (see photograph 2 Appendix G). There was no evidence of bird ingestion.

1.4. OTHER DAMAGE

Not Applicable.
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1.5. PERSONNEL INFORMATION
1.5.1. Flight crew

1.5.1.1. Captain

* Age: 52

* Nationality: Dutch

* Proficiency Check: 12th November 2001
* Medical examination: o7th February 2002
* Total Flying Hours: 14.700

* Hours on Type: 3.180

* Hours Last 90 Days: 130

1.5.1.2. First Officer

* Age: 29

* Nationality: Dutch

* Proficiency Check: 14th J anuary 2002
* Medical examination: 1oth g anuary 2002
* Total Flying Hours: 385

* Hours on Type: 221

* Hours Last 90 Days: 108

1.5.2. Cabin crew

Cabin crew members CA1 and CA2 were both qualified and current on the Fokker 70.

1.6. AIRCRAFT INFORMATION

1.6.1. General

The Fokker 70 is low wing, T-tail, rear mounted twin engine turbofan aircraft for short to medi-
um haul operations.

Two Rolls-Royce Tay Mk 620-15 axial flow turbofan engines power the aircraft. The engines are
mounted on the left and right of the fuselage and are rated at 13.850 lbs of take-off thrust. The

engines are equipped with thrust reversers.
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The primary flight controls are hydraulically powered, and there is manual reversion capability.
The landing gear is a conventional retractable tricycle type gear with a steerable nose gear.
The aircraft is equipped with a dual channel Automatic Flight Control and Augmentation System
(AFCAS) providing flight director, auto pilot, autothrottle and flight augmentation functions.
Primary flight and navigation information is presented on Cathode Ray Tube (CRT) screens.
The aircraft is equipped with a dual Flight Management System (FMS) providing flight plan-
ning, navigation, performance management with lateral and vertical guidance facilities.

An Auxiliary Power Unit (APU) is located in the tail section, capable of supplying electrical
power (on ground and in flight) and bleed air (on ground only).

The aircraft is certified for commercial airline operations, including Cat IIIA and operations in
accordance with the European Reduced Vertical Separation Minimum (RVSM).

PH-KZH was equipped with 80 passenger seats, a forward and aft galley, two stowage units (dog
houses), and two lavatories; one forward and one aft.

The passenger door was equipped with an integral stair.

The Fokker 70 is capable of operating:

* at a maximum take-off weight of 37.995 kg.

* at a maximum cruising altitude of 35.000 feet

e at an average cruising speed of Mach .75 (maximum 320 Knots/Mach .77)

* a maximum range of approximately 700 Nautical Miles with a full load.

1.6.2. Aircraft specifics

Aircraft type: Fokker F-28 Mk 0070

Registration: PH-KZH

Date of Delivery: February 1997

Serial Number: S/N 11583

Certificate of Airworthiness: ZT 5338

Total Aircraft Hours: 11.548 Hrs

Total Aircraft Cycles: 9.541

Engines: 2 x Rolls-Royce Tay M 620-15

Engines serial numbers: Engine No.1: 17177, Engine No.2: 17178
Type of fuel used: Jet A-1
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1.6.3. Weight and Balance

KL 1636 was within weight and balance limitations for take-off and landing at Torino.
With a take-off weight of 31.610 kg the aircraft was 6.385 kg under the maximum take-off

weight. The final landing weight was below the maximum certified landing weight.

1.6.4. Aircraft Fuel

The Fokker 70 wing tanks each have a capacity of 4.820 litres (3.856 Kg at specific gravity of
0,8 Kg/litre). The temperature of the fuel added in Amsterdam was approximately 8,5°C based
upon the specific gravity of 0,806 that was recorded on the fuel invoice.

The aircraft departed the day prior to the incident, from Schiphol with 7.930 kg of Jet A-1 on
board. A difference of 72 kg. was recorded between the quantity before refuelling plus 6.785
litres added, multiplied by Specific Gravity (0,806) and the total indication after refuelling.
There remains some uncertainty in the temperature of the added fuel because of the large spread
in temperature versus specific gravity relationship in general (see Appendix P).

The best estimate as to the temperature of the mixed fuel at the start of the flight to Torino is
3°C. Temperature reduction of the fuel during the flight to Torino was approximately 13°C based
upon the Total Air Temperature (TAT) DFDR values.

The total fuel uplift from Amsterdam under normal circumstances would enable the aircraft to
return from Torino without refuelling. The remaining fuel recorded by the crew on the inbound
flight to Torino was 5.080 kg. The APU uses fuel from the left wing collector tank at the rate of 70
kg. per hour and the APU was operated for approximately 10 to 15 minutes after landing in Torino.
The next morning the first officer of KL 1636 recorded an indicated departure fuel of 5.010 kg in
the AFL. The APU was started at approximately 05.15 and was still operating during the take-off
roll at 06.33. At take-off the fuel imbalance was estimated to be 160 kg. in favour of the right tank.
A fuel asymmetry alert occurred 4 minutes and 29 seconds after engine 2 failed and was trig-
gered by an asymmetry of 350 kg between the left and right wing tanks.

The fuel cross-feed valves were opened to balance the tanks. During vectoring for the ILS the
centre tank pumps nuisance alert was displayed.

The recorded fuel in the AFL after landing was 3.760 kg. Engine No.1 consumed 894 kg of fuel
and Engine No.2 consumed 157 kg of fuel.

In the company Aircraft Operations Manual (AOM) 2.5.1 it is mentioned under flight planning

and performance that “fuel induced ice can occur on the wing skin over and under the fuel tank
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at temperatures even far above 6°C in precipitation or with low temperature/dew point spread.
Therefore do not apply economical tanking.”

In addition to the general company policy concerning the tanking of extra fuel above the basic
requirements AOM 3.2.2 states:

“In addition for the Fokker 70 the following applies:

When the OAT during ground stop at the next station is expected to be 10°C or less, no eco-
nomical tanking should be performed.

Note: This instruction aims for minimizing the need for an unnecessary de-/anti-icing treatment

due to fuel induced icing”.

Actual fuel uplift figures for the months of November and December 2001 and January of 2002
were obtained from company records. Uplift figures from Amsterdam for the day return flight to
Torino immediately prior to the night stop flight and uplift figures for the night stop flight to
Torino were obtained.

During the three month period prior to the incident there were 16 cases of economical tanking
(vice/versa fuel uplift) for the day return flight and 66 cases of economical tanking for the night
stop flight.

There was a 54,00 Euro profit per 1.000 kg for fuel uplifted in Amsterdam as opposed to fuel
that would be uplifted in Torino.

1.6.5. Flight Warning System

A two channel Flight Warning Computer processes failure conditions and aircraft system data
into visual and aural alerts, procedures and memo and status messages.

Visual alerts can be presented via MASTER WARNING lights and MASTER CAUTION lights,
local lights and the Multi Function Display System (MFDS). Aural alerts, which comprise atten-
tion-getting chimes are presented via flight deck loudspeakers and headsets.

The MFDS consists of two Multifunction Display Units (MFDU) at the main instrument panel.
The left MFDU will present alert messages while the right MFDU can present alert procedures
and status messages.

Alert messages appear in red (level 3) or amber (level 2 and level 1) on the left MFDU and are

automatically withdrawn when the alert is no longer valid.
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The procedure of the alert message with the highest priority is automatically presented on the
right MFDU in red for (level 3) and amber for (level 2 and level 1). If space is available a max-
imum of two procedures can be displayed and procedures will be presented in order of priority.
If the alert is no longer valid when the procedure is being displayed then the header of the pro-

cedure on the MFDU will automatically change from red or amber to white.

1.6.6. Aircraft status

The AML showed that pack number 2 had a history of producing high noise level in the cock-
pit. Maintenance did not find any abnormalities with the pack itself.

After the incident the Captain entered the following information in the AML:

- (ENGINE) Engine 2 Fail on T/O TRN. Unable to shut fuel lever no.2

- (AC GEN) Hold no 142 door unable to open

- (ELEC) Pulled CB 29A, 31F, 31M, 31C

- (ELEC) Ignition was still active after shutdown (clicking noise outside).

Pulled CB 9J&34G

Note: No entry was made about the engine 2 fire handle that was pulled and about extin-
guishing agent bottle that was discharged.

Note: CB 29A powers CVR; CB 31F powers DFDR; CB 31M powers DFDR RVDT Excitation;
CB 31C powers QAR; CB 9J powers Ignition Unit 1 Engine No. 2; CB 34G powers
Ignition Unit 2 Engine No. 2.

1.7. METEOROLOGICAL INFORMATION

1.7.1. Weather conditions en-route from Amsterdam to Torino.

The aircraft cruised at FL. 330 for approximately 40 minutes with an outside temperature vary-
ing between -59°C and -53°C at a speed of M.76, resulting in a recorded TAT varying from
-33 to —26°C.

The aircraft started its descent 17 minutes prior landing. The crew reported snow changing into

rain at 1.000 feet, icing conditions and humid conditions.
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1.7.2. TAF - Terminal Area Forecast

FCLIMF 20020216000
160009 VRBOSKT 5000 SN BKNO0O7 OVC025=

FCLIMF 200202160300
160312 VRBOSKT 3000 SN BKN004 OVCO15=

FCLIMF 200202160600
160615 VRBOSKT 3000 SNRA BKNO004 OVCO15=

1.7.3. Torino airport weather report

FTLIMF 200202160000
160018 VRBOSKT 1800 RASN BKNO005 OVCO015 TEMPO 0007 0800 SN
BECMGO0710 4000 -RA SCT015 BKNO025 OVC070=

FTLIMF 200202160600
160624 VRBOSKT 1500 SN BKNO0O03 OVCO015 BECMG 1215 RA=

1.7.4 Overnight weather conditions

Following is a summary of the average conditions taken from METARS recorded every 30 min-
utes during the night.

There was a light breeze throughout the night varying from 050 degrees through to 250 degrees
and back to 040 degrees with an average strength of 5 knots. There was scattered low cloud at
800 feet with an overcast layer above at 1.500 feet. Light rain became rain and snow at 21.50
which persisted for 3 1/2 hours. After 01.20, only rain was recorded for the remainder of the
night. During the period of rain and snow the temperature and dew point were between 0 and
1°C and —1°C respectively. The QNH remained constant at 1022 increasing to 1023 in the early

hours of the morning (see Appendix B).
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1.8. AIDS TO NAVIGATION

Onboard FMS system for navigation:
- Flight Management System (FMS);
- Radar vectoring service provided by ATC during approach for landing;

- ILS Cat IITA for RWY 36 at Torino.
Arrival charts and ILS approach plate are reported in Appendix D.

1.9. COMMUNICATIONS

Three onboard VHF radios.

Cockpit to cabin and cabin to cabin interphone system on board the aircraft.

1.10. AERODROME INFORMATION

1.10.1. Torino Caselle airport

Caselle Airport north of Torino is located near the foothills of the Italian Alps and is a civil aero-
drome with an elevation of 989 feet.

The single runway (18/36) is 60 meters wide. The preferred landing runway is RWY 36 with a
landing distance available of 2.950 meters. It is equipped with 900 meters of approach lights,
runway edge lights, and runway centreline lights which supports an ILS Category IIIA installa-
tion. There are no approach aids for RWY 18.

Due to the high surrounding terrain KLC has published a specific engine failure procedure. The
Minimum Safe Altitude (MSA) in the sector from the South-West to the North-East of the air-
port is 15.400 feet. From the North-East to the South the MSA is 3.800 feet. Due to the Alps in
the North, the Emergency Safe Altitude is set at 17.800 feet.

Standard arrival routing and intermediate approach and arrival holding proceeds via the (TOP)
VOR situated South-East of the airport. RWY 36 missed approach holding fix (SIRLO), is sit-
uated East of the airport (see Appendix D).

Torino airport meets the Rescue and Fire Fighting Category 8 of the ICAO Annex 14 standard.
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1.10.2. Runway inspections

Prior to the daily airfield operation the runway was inspected at 05.25. Braking action tests were
performed on the wet runway. The braking action was reported to be good and no irregularities
on the runway were found. KL 1636 was the 8t aircraft to take-off after the runway inspection.
Immediately after the return of KL 1636 the runway was closed and inspected for debris and/or
damage. During the inspection immediately after landing engine material was recovered on the
runway between 950 and 1.000 meters from the runway 36 threshold on the right side of the cen-
treline between intersections D and C. The position where most of the debris was found was
coincident with the approximate rotation point of the aircraft. The debris consisted of some small
metal pieces (see photograph 3 Appendix G) which were later identified as debris from the fan
blades and engine acoustic lining.

Amongst the engine debris, some large pieces of ice and a lot of smaller pieces of ice were
found. The pieces of ice were described as appearing like glass, clear and compact and of dif-
ferent areas but with similar thickness of about 1 cm. The largest pieces found were approxi-

mately 10 cm x 10 cm, of irregular shape and also 1 cm thick.

Note: The presence of the pieces of ice on the runway was not initially thought to be important
by the airfield employee who conducted the runway inspection. Eventually however, the airport
supervisor was informed and a written declaration was made in order to specify the event and

particulars referring to the pieces of ice that were found (see Appendix H).

1.10.3. Parking area

Due to the limited amount of gates available ramp parking positions (X and Y) are utilized with
a bus service for the passengers from the departure hall to the aircraft. KL 1636 was parked dur-

ing the night at position Y-4 (see Appendix A).

1.11. FLIGHT RECORDERS

1.11.1. Cockpit Voice Recorder - CVR

The Fokker 70 is equipped with a solid state Allied Signal CVR part number 980-6020-001. This

CVR records the last 30 minutes of flight deck audio. All voice communication is recorded.
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Flight deck conversation is recorded via the area microphone.

Operation is automatic when either fuel lever is open until five minutes after last engine shut
down. Operation prior to engine start is obtained by depressing the DFDR/CVR GND CTL p/b.
KLC pre-flight checklist requires the crew to activate the CVR prior engine start.

When the aircraft is on the ground with the parking brake set, depressing the ERASE button can
erase the information on the tape.

The Captain pulled the CVR circuit breaker approximately two hours after engine shut down.
(The CVR had kept running because the right hand fuel lever could not be shut). There were no
useful sounds recorded on the CVR. The CVR was found to be serviceable and there were no

interface deficiencies found between the aircraft and the CVR.

1.11.2. Digital Flight Data Recorder - DFDR

The Fokker 70 digital flight data recording system comprises a Digital Flight Data Recorder
(DFDR) — Honeywell part number 980-4700-003-, a Digital Flight Data Acquisition Unit
(DFDAU), and an underwater locator beacon. The DFDAU processes input signals received
from various systems, such as power plant, flight controls, air data computer and automatic flight
control systems. Automatic and manual DFDR system control is provided. The DFDR system
runs automatically whenever either Fuel Lever is open, and then continuously during flight. On
the ground before engine start, depressing the DFDR/CVR GND CTL push-button will activate
the system. KLC pre-flight checklist requires the crew to activate the DFDR prior to engine start.

Note: When the crew contacted the KLC chief pilot on the second occasion which was approxi-
mately 2 hours after the event, they were reminded to secure the data on the CVR and DFDR.
The Captain pulled the CVR CB, DFDR CB, QAR CB and the DFDR RVDT EXC CB and
entered this information in the Aircraft Maintenance Log. After permission was granted by the
Italian Investigator in charge Martinair Maintenance removed the QAR disk, DFDR and CVR
at 16.20 the next day.

1.12. WRECKAGE AND IMPACT INFORMATION
N.A.
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1.13. MEDICAL AND PATHOLOGICAL INFORMATION

N.A.

1.14. FIRE

N.A.

1.15. SURVIVAL ASPECTS

The cabin crew were interviewed about their observations during the flight, their perception of
the seriousness of the event and how they coped with, or anticipated the possible scenarios such
as emergency landing or on ground emergency.

The communication between the Captain and the CAs, the Captain and the passengers, the CAs
and the passengers, and between the CAs themselves was also discussed.

Aspects such as cabin preparation, general knowledge about single engine aircraft performance
and what indications (yellow flash, cabin floor vibration, etc.) would be worthwhile to commu-
nicate to the cockpit crew were also discussed.

The CAL1 expressed the opinion that everything was taking much too long and that the aircraft
should have been put on the ground as soon as possible.

The company AOM states that when an emergency arises directly after take-off (returning imme-
diately for landing) or when an emergency arises during approach, a rapid evacuation after land-
ing may be required. In the case when there is an emergency with time for preparation AOM
6.2.3 also states: “Call CA 1 via the PAS, by the command CA 1 REPORT TO COCKPIT”.
Guidelines for a passenger address are also mentioned in the AOM and including:

“Please remain seated, keep calm and follow cabin attendant’s instructions carefully”.

1.16. TESTS AND RESEARCH

1.16.1. Rolls-Royce investigation

After field investigation of the engines in Torino, immediately after the event, the engines were

sent to Rolls-Royce East Kilbride Aero Engine facility in Scotland for strip inspection and inves-
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tigation. During the initial investigation and stripping of the engines specialists from Martinair
and KLC were present under the supervision of the ANSV Investigator-in -charge. The (remain-
ing) fan blades from Engine No.l were removed and after initial inspection they were sent to
Rolls-Royce in Dahlewitz in Berlin and subsequently Rolls-Royce Derby in the UK for labora-
tory and other specialist assessment. Rolls-Royce produced their findings and analysis after con-

currence with the other parties involved.

1.16.2. De-icing fluid

At 11.00 local time on the day of the incident, de-icing fluid samples were taken from SAGAT
truck No.1 which was used to de-ice KL 1636.

Samples were taken from the tank and the nozzle.

The fluid temperature which was taken from a gauge on the truck was quoted as being 65°C at
the time of spraying.

Tests were conducted by the KLM laboratory on the samples of fluid on 20th of February 2002

with the following results:

Tank

* pH value of 7,3.

e Refractive Index of 1,393 at 20°C.
* Viscosity of 3.900 mPa.s at 20°C.

Nozzle

* pH value of 7,2.

» Refractive Index of 1,393 at 20°C.
* Viscosity of 3.400 mPa.s at 20°C.

The report conclusion stated that the sample from the vehicle tank showed a viscosity below the
lower delivery limit. However, since the sample from the nozzle showed a viscosity well above
the lower nozzle limit, this was acceptable as long as it was guaranteed that the viscosity of fluid

from the nozzle would stay above the lower nozzle limit.

1.16.3. KLC simulator re-creation
In the absence of an animation program for the Fokker 70 a simulator program to re-create the

event from the take-off roll to landing was constructed using information from the DFDR, ATC
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tape transcript, ATC radar plot and actual aircraft weight and balance figures. All pilot actions,
system alerts and failures, normal system operations and all radio transmissions were calculated
along a time line scale.

Two Fokker 70 qualified pilots acted as Captain and first officer and performed all tasks on the
‘cue’ of a member of the investigating team who called all actions to be performed and read all
radio transmissions from a pre-arranged ‘script’ and also co-ordinated the timing of all these
actions and events. In between instructions the two simulator pilots behaved as much as possi-
ble according to the standard company procedures.

A Fokker 70 qualified instructor operated the simulator and programmed all failures and alerts
according to DFDR information. The instructor also ensured that the position of the simulator
coincided with the actual position of the aircraft that was indicated on the ATC radar plot.
Another Fokker 70 co-pilot occupied the second jump seat to observe and take notes. The sce-
nario was re-enacted several times and after the third time, the observing co-pilot replaced one
of the simulator pilots in order to avoid over familiarity of these pilots with the scenario.

After each re-enactment several discussions took place between all parties present regarding the
appearance of alert procedures on the MFDU, aircraft performance, possible actions and inter-
pretations of the Captain and first officer etc.

The following results and observations were obtained.

* The fourteen second time interval between rotation and selection of gear up did not seem
excessive considering the initial shock of the situation and comprehension of the event that
was occurring. The actions of heading select, auto pilot engagement and then initial turn to
follow the engine failure procedure, following the gear up selection, had to be performed in a

crisp and decisive manner.

* The level 2 MASTER CAUTION double chime and amber flashing light generated by the
dual autothrottle failure and finally presented at 400 feet, remained ON for an extended peri-
od of time and hence blocked visual and aural attention getters of subsequent alerts until it

was cancelled by the flight crew just prior to the fuel asymmetry alert.

» After the auto pressurization failure, CAB PRESS CTL CHAN was presented on the left
MFDU with the alert procedure for CAB PRESS CTL on the right MFDU. This was exactly
as it had occurred in the aircraft, as stated by the first officer and came as a surprise to the
investigators present in the simulator. It must be noted, however, that the simulator does not

contain a Flight Warning Computer, but all faults are generated by a simulation computer. A
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reproduction attempt on the incident aircraft did not show a mismatch between the alert, (left
MFDU) and the procedure heading, (right MFDU); however, there may be a technical expla-
nation for the mismatch under certain intermittent failure conditions, which would explain the

reported observation.

* The fuel asymmetry warning which could not be pre-programmed coincided within seconds

of the same time as it did in the actual aircraft.

* The N1 AND N2 engine vibration tapes of the engine No. 1 were presented on the right hand
MFDU throughout the alert procedures.

¢ The simulator reached 6.000 feet 40 seconds earlier than the actual aircraft. The level off at
6.000 feet could be extended by 40 seconds in the simulator with a slight reduction of thrust

on the left engine.

* In order to achieve all the tasks performed in the given time frames both pilots had to perform

several tasks individually.

The simulation re-enactment was recorded on video which was made available to the investiga-

tion team for their analysis.

1.16.4. Comparable events

A similar event in some aspects, to that presented in this report occurred on December 27, 1991,
at Gottrora (Sweden) in which a SAS MD-81 experienced severe damage on both engines due
to clear-ice ingestion after take-off.

Findings, conclusions and recommendations that resulted from the accident investigation have
been taken into consideration when analyzing facts and information regarding the KL1636
Fokker 70 incident.

The report of the SAS MD-81 accident in Stockholm in 1991 (Swedish Board of Accident
Investigation Report C 1993:57, Case L-124/91) was used as a reference. The similarity of
events on several issues made it worthwhile and even necessary to compare certain findings and

analysis results.
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1.17. ORGANIZATIONAL AND MANAGEMENT INFORMATION

1.17.1. General

Since December 3'4 2001 KLM Cityhopper B.V. has been found competent by Civil Aviation
Authority Netherlands to conduct Commercial Air Transport Operations and has satisfied the
Operator Certification requirements prescribed in JAR-OPS 1.

Some relevant part from JAR-OPS 1 requirements are quoted in Appendix I.

1.17.2. KLC general

The following information is based on and quoted out of the KLM Cityhopper Basic Operations
Manual (BOM) and KLC quality manual which were valid at the time of the incident.

The organizational Structure, related to JAR-OPS 1 requirements, is presented in the following
diagram, which gives description, subordination, and reporting lines, which pertain to the safe-

ty of flight operations.

Quality Manager |

FlightSafety Department |

Manager Ground O perations Manager Flight O perations ManagerTechnica
ostH

At the request of ANSV the Dutch Transport Safety Board - DTSB has conducted an analysis of
the structure of the KLC Cityhopper.
These comments relate to the company structure and the responsibilities of the Postholders and

Managers relevant to this report, they are described in Appendix I bis KLC - General.

1.17.3. KL.C operating manuals (De-Icing/Anti-Icing Procedures)

The KLC Basic Operations Manual (BOM) 8.2.4 explains that “clear ice may form on the upper

wing surface with an outside temperature above freezing, upper wing skin temperature below
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freezing and precipitation or visible moisture present”. It is further stated that “the upper wing skin
temperature can be lower than the outside temperature due to radiation when the aircraft is parked
overnight or when after a flight, cold fuel still remains in contact with the upper wing skin”.

The general responsibility regarding de-icing/anti-icing on the ground is described as follows:
‘If frost or ice has formed on the lower wing surface tank area and the aircraft has been subject
to precipitation conditions ( rain, drizzle, fog ) during its ground time or when there is otherwise
doubt that clear ice has formed on the upper wing surface, then the upper surface has to be
checked using a suitable means of access in order to detect the possible clear ice. ........ It must
always be remembered that below a snow/slush layer there can be clear ice, which is very diffi-
cult to detect. There is a great risk that the undetected ice layer will separate from the wing dur-
ing take-off roll or in the worst case during rotation, causing substantial lift loss and possible
severe internal engine damage (aircraft with rear mounted engines)”.

“The pilot in command has the final responsibility for ensuring that wing leading edges and
upper surfaces are free of frost, ice, snow or slush prior to departure and at take-off”.

At stations where no ground engineer is available the de-icing/anti-icing handling agent is
responsible for the correct and complete de-icing / anti-icing treatment of the aircrafft.

At stations where a ground engineer is available (as the pilot expected was available in Torino,
according to the information reported in the Regional Operations Manual ROM - paragraph 3.5
“De-/anti-icing Procedures Outstations.”) the ground engineer is responsible for the release of
the aircraft free of frost, ice, snow or slash. He is also responsible for the correct and complete
de-icing/anti-icing treatment of the aircraft.

After completion of the de-icing treatment the aircraft should be thoroughly checked.

These checks should be carried out by the de-icing/anti-icing handling agent. (One of the checks
includes rechecking the wing to ensure that all deposits of ice have been removed). A caution-
ary note adds: In some cases the presence of (clear) ice on the upper wing surface can only be
determined by touch.

To release the aircraft for the flight, the ground engineer or Captain has to be assured that this
check has been properly carried out.

Note: The KLC winterisation and the type qualification training program did not include any

“hands on” training for the detection of clear ice.
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In the company Regional Operations Manual (ROM) it was written that in Torino Type 2 Kilfrost
ABC3 fluid 100%, 75%, 50% or 25% would be used for de-icing/anti-icing with 1 step opera-
tion or “2 step” operation (on request of the Captain).

It was further written that SAGAT would be the company performing the de-icing/anti-icing and
that Alitalia would be the company inspecting after completion of the de-icing/anti-icing treat-
ment (see table in Appendix L).

In the company AOM 2.5.1 the cold weather operation pre-flight check includes to check that
the wings are clear of contamination and to beware that clear ice can be hidden below rain/mois-
ture/snow on a cold soaked wing. It further states:

“As the Fokker 70 wing is critical for ice build-up a tactile check is required in certain circum-
stances. These checks may be performed by the flight crew, but normally are performed by a
licensed ground engineer, not necessarily Fokker 70/100 licensed”.

According to the flow chart reported in the AOM (see Appendix L), icing conditions are defined

as when the OAT is between +6 °C and —25 °C inclusive and either:

* visible moisture in the air ( such as clouds, fog with visibility less than 1.500 meters, rain,
drizzle, snow, sleet or ice crystals), or

* slush, ice or snow is present on the taxiways or runways, or

* the difference between the OAT and the dew point temperature is less than 3 degrees C. When

icing exists a normal check for ice plus a tactile check should be done.

The tactile (hands on) check is described as:

“Check the wing leading edges along the full wing span until the front spar, indicated by the
black ‘no step‘ line and perform a visual scan of the remaining upper wing surface. The tactile
check must be done by touching the indicated area by bare (or surgical-glove protected) fingers
to check for ice / frost / snow / slush contamination.

For this check, a platform with a minimum height of one meter is needed to reach the area’.

Note: There was no (one meter high) platform readily available at Torino and there were no sur-

gical gloves available either at the handling agent or on board the aircraft.
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In the company AOM 1.12.1 - Visual ice detection aid — is reported as “a black stripe is provid-
ed on the outboard wing to help checking the wing for ice contamination during flight and on
the ground”.

An internal company document known as Plane Facts Fokker 70 and titled Winter Operation was
published in December 1998.

This document featured technical particulars of the Fokker 70 with respect to icing, operational
guidelines and application of what was written in the BOM and the company AOM. The docu-
ment had no official status and was not issued to all pilots who transferred to the Fokker 70 air-
craft after 1998.

1.17.4. SAGAT Handling

SAGAT Handling, company fully owned by SAGAT S.p.A., (the company that handles Torino
Caselle airport) and specifically addressed to provide handling services in the liberalized mar-
ket starting from October Ist, 2001, was in charge of de/anti-ice operations at Torino airport.
The operations followed the same procedures previously referred to SAGAT S.p.A. and person-
nel involved had not changed since the previous winter season.

According to SAGAT handling management organization, the de/anti-ice operations are referred
to the station manager on duty “Capo scalo di servizio”, who supervises all handling services
on ramp, passengers boarding and related apron services.

With reference to the de/anti-ice operations, SAGAT Handling has stated in a note (n. 02/289)
dated 27th December 2002, the following:

- that before the start of daily de-icing operation a refractive control is performed on the fluid

of each de-icing truck to be used;

- all refractive data from the past seasons were recorded;

- during 2001-2002 season the controls were made, but the data was not recorded regularly due
to a re-structuring and a re-allocations of jobs;

- personnel in charge of the de-icing operations have been regularly trained; the assessment of
the training received has been recorded (results of the assessment were not attached);

- viscosity and refractive check on liquid stock station has been recorded.

For the 2002-2003 time period, SAGAT Handling stated that:

- current organization is confirmed;

- training records are continuously updated and collected in a personal folder (all check data
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sheets are available) for each operator;
- daily refractive check is recorded on a “ad-hoc” booklet carried on board of each de/anti-ice truck;

- some improvements have been made on liquid stock station and others are in progress.

In 1999 SAGAT S.p.A. published a de-/anti-icing operation manual ( “Trattamento de-/anti-icing
degli aeromobili”) (see Appendix C) in which are detailed in Italian, the procedures to be fol-
lowed for de-/anti-icing operations. SAGAT Handling operators are trained on the basis of the
information contained in the manual. At paragraph 5.1 “Procedure operative”, it is reported that
the responsibility of the de-/anti-icing operations lies with the aircraft operator, in particular the
designated ground engineer or, in his absence, with the aircraft’s Captain (“La responsabilita
dell’erogazione e della compagnia aerea, in particolare nella persona del tecnico motorista e
dove non presente, del comandante dell’ aeromobile” ).

Moreover, in paragraph 5.2 of the icing manual it is explained how to spray the de-icing fluid on
aircraft structure, with particular reference to the fuselage/wing joint area, where clear-ice is
likely to form. At paragraph 5.4 “Controlli finali prima della partenza” (Final check before air-
craft departure) it is specified that the clearance for aircraft departure after de-/anti-icing treat-
ment is released by authorized personnel (from aircraft company or from authorized inspecting
company).

The ground handling contract between SAGAT Handling and KLC, with regard to the de-/anti-
icing procedures, did not conform to the standard IATA handling agreement specifications. De-
icing was mentioned only in regard to the cost of this service.-

General procedures were referred to in the KLC station manual which was a direct copy of var-
ious sections of the BOM. KLC station manual did not contain reference to specific procedures
or instructions relative to de-/anti-icing.

KLC stated that there was a verbal agreement with Alitalia regarding the post de-icing inspec-
tion. KLC claimed the agreement was that SAGAT Handling would inform Alitalia when de-
icing would take place and that Alitalia would send a ground engineer to inspect the aircraft after
de-icing was completed.

SAGAT Handling stated that there were neither verbal nor written instructions from KLC about
this agreement.

Flight crews were not informed of the details of ground handling contracts or any obligations

regarding monitoring the execution of these contracts.
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1.17.5. ALITALIA

In accordance with the information reported in the KLC ROM valid at the time of the event, Alitalia
was recorded as being the inspection company for the de-/anti-icing operation in Torino airport.
Alitalia Maintenance Quality Manager (Divisione Ingegneria e Manutenzione) was questioned

about the contract with KL.C regarding the de-icing inspection. His answers are summarized below.

 Alitalia was not the handling company performing inspection after de-/anti-icing and there
wasn’t any related contract with KLC, neither at the time of the audit (January 2001), nor at
the time of the serious incident (February 2002).

* In 2001 and 2002 Alitalia personnel detached in Torino did not have any certification on
Fokker 70.

* Alitalia personnel were not trained to perform de-icing inspection on the Fokker 70.

Alitalia Quality Manager also stated that there was neither a written contract nor verbal agree-

ment regarding post de-icing inspection with KLC.

1.17.6. De-Icing /Anti-Icing Quality Control Pool (DAQCP)

JAR-OPS 1 requires airline operators to remain responsible as an operator for contracted serv-
ices including audits and inspections.

To meet these requirements Swissair took the initiative to form the DAQCP in 1998 as a means
or a tool to satisfy the JAR-OPS 1 requirement. At this moment there are 37 member airlines
including KLC.

Participating airlines in the pool have mutually agreed upon terms and conditions to provide a
De-Icing/Anti-Icing Quality control and inspecting service, compliant with JAR-OPS 1.035, at
specific airports. In this agreement, a participating airline carrying out an audit at an airport is
called “the inspecting airline”.

This inspecting airline applies the standards, reporting formats and inspection procedures as laid
down in this agreement.

A steering group and a Chairman are elected by the pool members.

Each airline is assigned with a minimum of 5 airports/contractors per year and has a time
inspecting window between October and March.

The results are sent to all participating operators, after which it is the operator’s responsibility to
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initiate corrective action if deemed necessary. The pool fulfils the JAR-OPS 1.035 requirement
but the operating companies remain responsible for ensuring the de-icing and anti-icing is appro-

priate and safe for use on its aircraft.

1.17.7. SAGAT and ALITALIA audit reports

On behalf of the de-icing pool, DAQCP, KLC QA conducted a de-icing audit on SAGAT and
Alitalia service for maintenance in Torino on the 22nd of January 2001.

The findings summary for SAGAT showed that:

* No personnel theoretical training tests carried out.

* No passing rates had been established (75%).

* Vehicle tanks not labelled for type/mix .

» Storage and filling ports not labelled for type/mix .

* The findings summary for Alitalia showed that:

* No valid signed contracts at the station.

* No de-icing procedure manuals were found for servicing CLH and KLC.
* No evidence of expiry dates for annual refresh training.

* No evidence of personnel theoretical tests.

* No passing rates had been established.

A letter was sent from KLC the following day to all the nominated DAQCP representatives
advising them of the audit results.

A letter was also issued the following day to SAGAT advising them of the audit results. A reply
from SAGAT was sent to KLC QA on Feb 15th 2001 advising that all findings would be recti-
fied by June 2001.

A de-icing/anti-icing checklist was sent by the KLC ground handling manager to SAGAT on
27th November 2001. The details concerning the inspecting company were left blank.

In spite of this, Alitalia was still listed as the inspecting company in the KLC ROM, found on
the aircraft the day of the incident by the investigator, 16th of February 2002.

The de-icing audit for 2001/2002 was not performed until March 2002 and was done by DAT

(Delta Air Transport). Results from this audit revealed the same findings from the year before.
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1.18. ADDITIONAL INFORMATION

1.18.1. Clear ice issue

Preliminary information regarding the serious incident was delivered to pilots, operators and

Italian Civil Aviation Authority (ENAC) as follows:

» After the event in February 2002 KLC forwarded a Crew Bulletin to all Fokker 70 pilots warn-
ing them about the weather and operating conditions where clear ice is likely to form.
Information regarding on how to perform the visual inspection when de-icing the aircraft and
the applicability of economical fuel tanking were also detailed.

* In April 2002 ANSV forwarded a “Messaggio di Allerta” (Safety Alert Message) to ENAC
(see Appendix M).

* In September 2002 Fokker sent a message to all Fokker 70/100 operators warning them on the

importance of strict adherence to the “clean aircraft concept”.

1.18.2. JAR-OPS 1 requirements

With reference to the interpretation of JAR-OPS 1, in relation to the responsibility for de-icing
operations, questions on the following matters were forwarded to ENAC and Civil Aviation
Authority of Netherlands (CAA NL), as the regulatory Authority in the State of Registration and

of Operator of the aircraft.

a) The intended Postholder who is to be responsible for aircraft de-icing inspections.

b) The circumstances under which the intended Postholder may delegate the responsibility of
above inspections to another Postholder.

¢) The actions which are required of the intended Postholder, should the responsibility of de-
icing be delegated to another Postholder and comments concerning ambiguity of JAR-OPS 1

in relation to de-icing and the difficulty of interpretation of JAR-OPS 1 on this matter.

The answers that were given are as follows:

a) In compliance with requirements of JAR-OPS 1.890(a)(1) and JAR-OPS 1 AMC OPS 1.890
(a)(1) (Maintenance Responsibility) CAA-NL holds the Postholder Maintenance responsible
for the proper execution of the pre-flight inspection. AMC OPS 1.890(a)(1)1.f explicitly

states that it must be ensured the aircraft surfaces must be free from ice, snow, sand, dust,

ANSYV FINAL REPORT - N. 1/2/04 34



etc... Under the responsibility of the Postholder Maintenance the Operator should publish
guidance to maintenance, flight and contracted personnel regarding the performance of pre-
flight inspections, defining the responsibilities and tasks in accordance with the requirements
as set forward in AMC OPS 1.890(a)(1)3. The pre-flight inspections and the responsibilities
should be defined in the operators Maintenance Management Exposition (MME) manual. De-
icing operations (with specific reference to organizational and commercial aspects) as defined
in JAR-OPS 1.175(1)(4) and further defined in ACJ OPS 1.175(i), do not fall under the com-
petence of the Postholder Maintenance, but are under the competence of the Postholder

Ground Operations.

b) The Postholder Maintenance, responsible for the technical aspects of the pre-flight inspec-
tions, should not delegate the responsibility for the pre-flight inspection, but he can delegate
the specific tasks to pilots, maintenance personnel or contracted ground handling personnel.
For contracting ground handling activities, including pre-flight and de-icing, the operator may
make use of the IATA standard ground handling agreement as referred to in AMC OPS
1.895(d)4. The MME should be explicit in who is responsible for the execution of the pre-
flight inspections. According to JAR-OPS 1.875(a) pre-flight inspections need not necessari-
ly be carried out by the JAR-145 organisation.

¢) With reference to the action requested from a responsible Postholder when such responsibili-
ty is delegated to another Postholder, the Civil Aviation Authority (CAA) of the Netherlands
confirmed that the operator’s Basic Operation Manual (BOM) and the MME should be explic-
it in who is responsible for performing de-icing activities. Usually the Postholder Ground
Operations is responsible for such activities and for the contracting of such activities, but if
such responsibility should be delegated to the Postholder Maintenance, then an adequate ref-

erence should be well defined in the MME.

The directive for executions of de-icing and pre-flight inspections is however, the responsibility
of the Postholder Maintenance. None of such activities can be reassigned to contractors or per-
sonnel without the written consent and quality assessment by the Postholder Maintenance. See
AMC OPS 1.890(a)(1)3. The contractor selection procedure as defined in the operators MME
must be followed.

According to JAR-OPS 1.900(a) (1) and (2) these activities must be part of the quality monitor-

ing programme of the operator. JAA Administrative & Guidance Material Section 4, Part Three,
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Temporary Guidance Leaflet (TGL) 21 gives the possibility to operators to take part in a quali-
ty inspection/audit pool. This TGL requires a written pool agreement and defines items to be
addressed in this agreement.

In relation to de-icing and difficulty of interpretation of JAR-OPS 1, CAA NL stated that after
studying JAR-OPS with respect to de-icing, the conclusion was that JAR-OPS provides regula-
tions which may require more detail, but for the moment it does give an Authority means to
check, and if necessary, correct on items as de-icing.

ENAC agreed on this interpretation and added that it is up to the operator to define in greater
detail the responsibilities and the relationship between all parties involved in the de-icing

process, in their own Operation manuals and in the MME.

Note: Company publications (manuals) are subject to approval by the Authorities.
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2.1.

CHAPTER 11

ANALYSIS

ANALYSIS

CLEAR ICE FORMATION

Ice can form on the upper surface of the wing when precipitation comes into contact with this
area and the surface temperature of the area is below zero. The rate of formation of ice and final
thickness of the ice layer will be determined by the surface temperature of the wing, the outside
temperature and the rate of precipitation. The appearance of such ice will be clear, glass-like, if
both the OAT is above 0°C and the precipitation (or condensation) is in liquid form.

When sub-zero temperature fuel is in contact with the upper surface of the wing then the wing
surface temperature will also be below zero. The most likely areas for cold fuel induced ice for-
mation are the wing root between the front and rear spars and any part of the wing that contains
unused cold fuel in contact with the skin. As the thermal conductivity of fuel is much less than
that of the wing structure, cold fuel induced ice formation is usually found at and near the more
heavy structural elements, typically at the wing rear spar, and forward depending on the fuel
level in the tank.

Before departure from AMS on the evening before the day of the incident, approximately 2.600
kg of fuel was added to each wing which already had approximately 1.200 kg of unused fuel. It
is reasonable to assume that the 1.200 kg quantity of fuel was already at sub zero temperature
due to the previous flight from Torino (rough calculations show —6°C) (ref document provided
by FS). The 2.600 kg of added fuel had a temperature of approximately 8,6°C which could be
calculated from the specific gravity value of 0,806 recorded on the fuel docket. Taking the mix-
ing ratio of around 2:1, at best the fuel temperature in the tanks prior to departure would have
been approximately 3°C.

From TAT DFDR data it was calculated that during flight the fuel temperature would have
dropped by approximately 13°C which meant that the temperature in the tanks on arrival in
Torino would have been approximately -10°C.

Although it was not possible to establish which area of the wing would have been in contact with

the specific amount of fuel that remained on board, it can be said that the area above the collec-
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tor tank would have been in contact with the sub zero fuel for a period of time. The collector
tanks are directly in line with the engine inlet area. No information was available about how long
the fuel would remain in the collector tanks after the fuel pumps were turned off however, both
wing tanks would have been approximately 70% full. It is assumed therefore that a substantial
area of the wing surface area was at a sub zero temperature for a considerable period of time.
The outside air temperature of between 1°C and 0°C, during night stop, would have been
favourable for the formation of clear ice. Given that the conditions immediately after engine shut
down, were ‘ideal’ for the formation of cold fuel induced ice, that is light rain and snow falling
on cold soaked wings and that the wings would have remained cold for a long period of time,
then it is probable that a substantial layer of ice formed and remained on the wings over night.
But also, given the mixed nature of the precipitation, it is unlikely that it would be clear ice only.
In this respect it is also possible that wet snow collected on the sides of the fuselage during the
night, and slid down onto the wing roots when the aircraft skin and outside temperature rose.
The Captain’s observation during the pre-flight inspection, of ice ridges 1,5 to 2 cm thick under
the wing leading edges and 1 to 2 millimetres of slushy water and ice in small areas on top of
the wings indicates that ice had formed on the wings during the night.

The presence of slush indicates that the ice was beginning to melt, probably due to the ambient
temperature being above zero.

The Rolls-Royce technical report concluded that both engines had suffered soft body ingestion
and specifically that the impacting body was ice. The size of the ice required to cause excessive
fan blade distortion leading to its failure in engine No 2. was calculated to be in the order of 1,8
cm to 3,6 cm thick based upon a block of 30,5 cm x 30,5 cm and depending upon the orienta-
tion of the block. For engine No 1. the ice would have to have been 1,3 to 2,6 cm thick also
depending upon orientation.

Several pieces of ice of various size were found immediately after the event on the runway close
to the point of rotation of the aircraft. The largest pieces found were 10 cm by 10 cm by lcm
thick and of irregular shape. These pieces were also described as appearing like glass. This evi-
dence supports the Rolls-Royce calculations as the pieces found on the runway would have been
fragments of larger and thicker (given the elapsed time after the event) plates of ice.

Based upon the amount of fuel in the wing tanks, en-route temperatures during flight, the weath-
er conditions upon arrival at Torino and during the night, the Captains observations during the

pre flight inspection the following day, the Rolls-Royce technical report and the description of
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2.2,

the pieces of ice collected from the runway, it is concluded that a thick layer of (clear) ice formed
on both wings of the aircraft whilst it was on the ground in Torino.

Further to this it is probable that the right wing ‘collected’ more ice as the westerly facing park-
ing position would have protected the left wing to some extent from the prevailing light wind

coming from the North, during the night.

ANALYSIS OF POWERPLANT

2.2.1. General

Analysis of the damage to both engines lead to the conclusion that the engines ingested (clear) ice.
The failure of engine No.2 at the point of rotation was the result of the failure of one fan blade
approximately 21 mm above the blade/disc line (see photograph 1, Appendix G). Analysis of the
fracture showed that there was no evidence of a pre-existing crack. The blade had failed as a
result of distortion to the blade aerofoil resulting in a very rapid forced rupture. Four other aero
foils failed in overload from the trailing edge as a result of secondary engine damage. The nature
of the distortion in terms of the impacting body was the result of soft body ingestion

The engine was shut down automatically due to the activation of the Emergency Shut-off Cock
System (ESOC). The ESOC was triggered by shock loading as a result of the fan blade failure. After
activation of the ESOC any action by the crew to retard (close) the fuel lever could not be made.
Engine failures due to FOD ingestion such as ice are more likely to affect both engines. Due to
the independent activation of the ESOC system in the case of FOD ingestion it could be possi-
ble therefore for this system, under certain circumstances, to be activated (independently) on
both engines. The investigation team considered the threat of a multiple engine failure in cir-
cumstances where the cause of the failure is generated by an external agent. With the input from
Rolls Royce and Fokker Services it was finally concluded that the ESOC system only comes in
when the engine is very badly damaged and, almost surely, not capable to continue to operate

and to provide thrust'.

! The broad band vibration limit as used in the design of the Engine Vibration Monitoring system is 1.5 inch/sec.
From Rolls Royce information on the activation of the ESOC system a vibration level (or equivalent sudden shock
loading) of 125 inch/sec. would be required to operate the system. So, that is more than a factor 80 away. Thus, it
can be concluded that operation of the ESOC system as per its design, in itself does not in any way realistically
add to the risk of a double engine in flight shutdown in conditions that might otherwise allow continued operation
of at least one engine.
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The distortion observed to the fan blades of engine No.1 causing vibration in the engine was also
considered to be consistent with the ingestion of ice (see photograph 2, Appendix G).

Typical soft body ingestion could be bird, ice or tire.

There was no evidence of bird or tire or any traces of unusual material that resembled other less
likely soft body type materials. The fact that ice pieces of various sizes were found near the rota-
tion point on the runway led to the conclusion that the damage was caused by ice. The sizes of
the largest sections of broken ice pieces were recorded as being approximately 10 cm x 10 cm
x 1 cm.

The debris recovered from the runway near the rotation point consisted of metallic particles
which was consistent with the fan blade material released from engine No.2 (see photograph 3,
Appendix G).

After assessment of the nature of the impacting body, the Rolls-Royce corporate impact spe-
cialist concluded that the most likely impacting body was ice. Analyses showed that based on a
block of ice (30,5 cm x 30,5 cm) and assuming the most critical orientation towards the engine
inlet, the minimum thickness required to deform and result in the very rapid failure of the Low
Pressure Fan Blade was 1,8 cm. If the ice plate were not in the most critical orientation then
more likely the thickness would have to be in the order of 3,6 cm.

The amount of ice ingested was likely to have been significantly greater than that assessed by
Rolls-Royce as the capability of the Tay engine at the time of certification.

Therefore the certification of the Tay engine, as far as ice ingestion, was not compromised.

2.2.2. Witness reports

A passenger, an Italian engineer, who was seated in the rear right hand section of the cabin stat-
ed that he saw an orange object fly over the wing which then hit the fuselage and moved back-
wards. After that he said he heard a loud bang.

The CA2, also seated in the rear of the aircraft, stated that she heard a very loud bang just after
lift-off and she also noticed a yellow flame on the right side of the fuselage.

The possible reason for the mentioned yellow flame is the effect of an engine surge and the for-
ward movement of the unstable combustion flame. The visual effect would have been enhanced
by the fact that it was dark outside and the cabin lights were dimmed prior take-off.

The orange effect of the object flying backwards could have been caused by the object passing
the right wing trailing edge flap fairing which is painted orange. The flap fairing is painted

orange to alert ground crews and baggage handlers. The transparency of a plate of ice released
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from the wing would have enhanced this visual effect.

2.2.3. Engine maintenance history

An extensive review of the maintenance history, for the last two years, taken from the aircraft
logbook and from KLC records revealed that there were no significant engine maintenance activ-
ities carried out other than routine ones. No unusual maintenance activities were carried out

immediately prior to the flight.

2.2.4. Autothrottle (AT) behavior when operating single engine

As stated earlier, the case of an SAS MD-81 accident was analysed; in December 1991 the air-
craft took-off with ice on the wings. During lift-off the clear ice separated from the wings and
was ingested by the engines. The ice caused damage to the engines that caused severe engine
surging. The surges eventually destroyed the engines.

The surges were intensified by the activation of the Automatic Thrust Restoration System
(ATRS) installed on the MD-81. In case of an engine failure on the MD 81, the ATRS will auto-
matically increase thrust on the other engine. It will cancel the CLAMP or Throttle Hold mode
during take-off and the thrust will automatically increase to G/A Thrust. Also, the MD 81 was
equipped with an Automatic Reserve Thrust System (ARTS) which, in case of single engine fail-
ure, will ensure maximum take-off thrust on the remaining engine.

Engine surging is normally controlled by reducing thrust. As opposed to this, an increase in thrust
will increase the severity of the surges. What was exceptional in the SAS case was that both
engines were subjected to the same treatment with the result that both failed in the same way.
The right engine surged for 51 seconds before failing. That engine could have been used with
reduced thrust. So, with sufficiently reduced thrust in the right engine and maintaining the exist-
ing (de-rated) take-off thrust in the left engine, probably the engines would have delivered suf-
ficient thrust allowing for the aircraft to return for landing.

Comparing this information with the Torino serious incident it became clear that the authority of
an AT system could play a significant role in engine behaviour and consequently to condition the
capability of a FOD damaged engine to survive selected thrust demands.

AT systems control, Full Authority Digital Engine Control (FADEC) or mechanical speed gov-
erning systems may, after the system recognizes an engine failure or thrust loss, set a higher limit
on the remaining engine. Interfaces between AT systems, selections made using an Auto Flight

System and Modern Engine Controls manage all parameters in such manner that limitations and
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acceleration requirements do not cause surges and/or stalls.

Such systems will not however adjust their set limitations or thrust demands when engines are
damaged as was the case in the SAS MD-81 accident.

Although the F-70 is not equipped with similar systems (ATR/ARTYS) as in the MD81, the use
of AT after an engine failure is KLC standard procedure.

Specifically, after an engine failure the procedure recommended to disconnect the AT. After the
failed engine has been secured, the AT could then be reconnected at the pilot’s discretion. KLC
standard operating procedures required the AT system to control the remaining engine. This may
or may not lead to more abrupt thrust control changes than with manual operation, depending on
the abnormal flight situation and the level of pilot training and experience in manual thrust control.
In the KL 1636 case the bracket holding the Throttle Lever Angle transducer failed and conse-
quently both AT channels failed.

After the engine failure the flight was completed using manual thrust. Further operation of the
thrust lever was influenced by the crew awareness that the aircraft was experiencing engine
vibrations and the realisation that the remaining engine had triggered an engine vibration alert.
Although the aircraft manufacturer is working closely together with its power plant supplier dur-
ing the development and certification of the aircraft, it is doubtful if the operator developing its
company procedures is aware of all the consequences of these procedures.

During the investigation Fokker Services (FS) and Rolls-Royce (RR) were requested to indicate
if they would recommend the use of AT during a single engine operation.

Rolls-Royce indicated that the engine performed well considering the circumstances. However,
it was not possible, in this case, to predict without further technical analyses if aggressive accel-
erations required by the AT could have been sustained by the engine.

Based on Fokker Services response and with input from KLC advisors, the following was con-
cluded.

The ATS on the Fokker 70 is designed without an automatic power reserve in case of an engine
failure. Although the ATS thrust changes may sometimes be abrupt and fast, they are within the
capabilities of an undamaged engine. When operating with one engine at low altitude and dur-
ing configuration changes, thrust variations however can be large and more aggressive. Manual
thrust selections made by an experienced pilot may be less aggressive and therefore may be
preferable when operating a damaged engine.

However, as pilots normally operate with the ATS engaged, depending upon experience and

training, they may not be familiar with the correct settings for manual thrust selection. In these
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cases manual thrust would require more attention and therefore the use of ATS may reduce the
pilot’s workload.

Specific and regular training would therefore be required to gain and maintain sufficient manu-
al thrust control experience.

At this point, it is a matter of striking the correct safety balance, which is not helped by rigid
procedures, with respect to the use of ATS but it is best served with a free decision by the flight
crew, who can assess the entire situation.

In view of these inputs and also considering the fact that, in this specific F-70 event, the vibra-
tion was not so much related to aggressive thrust lever movement but occurred during a stable
level of thrust condition, it is concluded that there is enough reason to review the procedures and
training techniques on how to identify and handle suspected engine damage, specifically in rela-

tion of the use of autothrottle.

2.2.5. Ignition logic

Engine No.2 fuel transfer tube was damaged as a secondary result of the accessory casing dis-
tortion. The same distortion also caused concern about the ignition logic of the F-70 in con-
junction with the ESOC system.

The shock loading induced by the fan blade failure of engine No.2 and the subsequent deflec-
tion of the engine casings resulted in the tensioning of the cable and the ESOC valve being oper-
ated. Once the system has operated (and closed the fuel valve on the engine) the locking pin
which locates into a slot cannot be reset. As a result the fuel lever in the cockpit will be blocked
and cannot be moved to the shut position.

When suspecting severe engine damage, which is normally the case when the ESOC system acti-
vates, the KLC emergency procedure requires the crew to position the thrust lever to idle, shut
the fuel lever, to pull the associated fire handle and to discharge one fire bottle.

The F-70 has two ignition systems per engine. Selections to operate the separate systems auto-
matic (normal mode), continuously or to activate a relight are possible. When the system is oper-
ated in the normal mode, systems 1 and 2 will be activated whenever the fuel lever is in the open
position and the Engine Multiplexer system senses an engine-out condition. System 1 is activat-
ed if the Engine Failure Sensing Unit (EFSU) senses an engine failure. In the Relight position,
system 1 and 2 are activated irrespective of the fuel lever position. With the selector in normal,
closing the fuel lever deactivates the ignition.

Pulling the fire handle will close the respective fire shut-off valves in the fuel and hydraulic sys-
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2.3.

tems and the Over Pressure and Shut-Off Valve (OP/SOV) in the bleed air system.

In this case the crew was not aware, nor trained to recognize and deal with a jammed fuel lever.
If that would have been the case they might have concluded that the engine was severely dam-
aged and adopted the consequent decisions.

After landing and vacating the runway, the crew decided to pull the fire handle and after park-
ing it was noticed that the ignition was still activated. Due to the fuel lever jammed in the open
position the ignition could only be stopped by pulling the associated circuit breaker.

The (ESOC) system is designed to keep an engine failure contained and to prevent disastrous
secondary damage.

The severe engine damage procedure is designed to isolate the engine and to prevent a possible fire.
During the investigation it became apparent that the F-70 Ignition logic design did not consider
the consequence of a jammed fuel lever after an ESOC system activation.

With an even more severe damage than in the KL 1636 case, assuming the transfer fuel tube was
not just damaged but was actually leaking, the ignition would still have been activated, even after
completion of the severe engine damage procedure.

Pulling the Fire handle, the fuel fire shutoff valve would effectively cut off any further fuel sup-
ply to the engine. However, it is recommended that a redesign should be considered or that crews
are made aware of, and trained on how to deal with the possibility of the ignition system remain-
ing active, with a fuel lever blocked in open position after the completion of the severe engine
damage checklist.

Fokker Services has indicated that this will indeed be followed up in the Aircraft Operating
Manual (AOM).

ANALYSIS OF EVENTS

2.3.1. Crew hand over

The Captain of the last inbound flight to Torino on February 15th 2001 reported to the investi-
gation team, encountering icing conditions during the approach with snow changing to rain

below 1.000 ft. This Captain recorded 5.080 kg of fuel remaining on board in the AFL.

In the company Aircraft Operations Manual (AOM 2.5.1) it was mentioned that economical
tanking should not be applied in cases when a temperature/dew point spread was expected to be

2°C or less with an expected OAT of less than 10°C. The explanation for this policy was given
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as minimizing the need for an unnecessary de-/anti-icing treatment due to fuel induced icing.
KL 1649 was however, dispatched with economical tanking.

In fact while company records showed that the restrictions for economical tanking were mostly
observed for day return flights, the same restrictions were almost never observed for overnight
stops. In the latter circumstances, as aircraft would most probably require de-/anti-icing the fol-
lowing morning in any case, the presumed benefits of not performing economical tanking were
no longer valid.

The Captain of KL. 1649 did not challenge the economical tanking. No matter what the reason
was for agreeing to the final fuel uplift, the investigators feel that this Captain did not take into
account the possibility of clear ice formation overnight, otherwise he would have alerted the
morning crew with a message to that effect.

KLC did not publish any procedures or recommendations for crew hand over. This meant that if
flight crews did not actually meet one another, as was the case with the KL 1649/KL 1636 han-
dover, then no information would be passed on about previous flight conditions, etc,... unless
the crew took it upon themselves to leave a note in the cockpit. This was done sometimes for
example for technical matters relating to the aircraft. On the handover examined here, KL. 1649
- KL 1636, there was no information left by the previous crew that would have alerted the
Captain of KL 1636 to the possibility of clear ice formation during the night.

In the company Basic Operations Manual (BOM 8.2.4) it was explained that clear ice may form
on the upper wing surfaces with an outside temperature above freezing, upper wing skin tem-
perature below freezing and precipitation or visible moisture present.

It was further stated that the upper wing skin temperature can be lower than the outside temper-
ature due to radiation when the aircraft is parked overnight or when after a flight, cold fuel still
remains in contact with the upper wing skin.

Whilst this would appear to be the primary ‘safety’ reason for not applying economical tanking
in these circumstances, this information was in fact ‘disassociated’ from the information con-
tained within the company AOM by virtue of the fact that it was contained within a different
company manual (BOM).

According to the company manuals, the link with economical tanking was made in regard to
unnecessary de-icing and not directly with the possibility of clear ice formation.

This would have diluted the overall crew awareness of this phenomenon. Although specific men-
tion was made in the BOM regarding radiation cooling and cold fuel remaining in the wings

overnight, it is questionable whether this would have crossed the minds of the inbound crew of
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KL 1649. This mindset could be linked to the fact that this crew would be off duty until the next

afternoon.

2.3.2. Pre-flight inspection

During the pre-flight external inspection of the aircraft the Captain observed ice both underneath
and on top of the wings and it was raining.

In the BOM the general responsibility regarding de-/anti-icing on the ground is described as: “If
frost or ice has formed on the lower wing surface tank area and the aircraft has been subject to
precipitation conditions during its ground time or when there is otherwise doubt that clear ice
has formed on the upper wing surface, the upper wing surface has to be checked using a suit-
able means of access in order to detect the possible clear ice”. Mention is also made that clear
ice can only be detected by touch (tactile check).

This text indicates that a tactile check of the wings should have been performed because there
was ice on the lower wing surface tank area and it was raining at the time.

Pre-departure check in BOM paragraph 4.1 states that: “When clear-ice conditions exist a check
for clear-ice has to be performed. Clear-ice is very difficult to detect as it is crystal clear and
very smooth and can only be checked by a hand’s on check (tactile)”.

The OAT was +2°C and dew point 0°C. According to the company AOM icing conditions were
considered to exist; therefore the pilot had to follow the indication on the flow diagram report-
ed in the AOM which in turn indicated that a tactile check was required.

The flow chart indicated “certain” circumstances when the wing should be checked. This was
specifically intended to guide crews to check the wings for the possibility of ice when there was
a concern, according to the company AOM and BOM that clear ice has formed. In other words
as clear ice is very difficult to detect, “tactile check™ is a precautionary action in the pre-flight
check and in the after de-icing inspection to detect if wings are clean.

The Captain stated that he did not touch any part of the wing surfaces because he had already
decided that the aircraft needed to be de-iced (from his observation of ice and slush on top of the
wing). This would imply that he did not draw the association between ice on the wings and rain,
with the possibility of clear ice accretion.

A handover information from the previous crew about the previous flight conditions and/or
recognition of the fact that cold fuel had been in contact with a very cold upper wing surface
during precipitation at night would probably have been sufficient to alert the Captain of KL 1636

to the possibility of clear ice formation. This however, was not the case.
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In the company manuals several references were made to icing conditions and the consequential
actions that are required. Reference was also made to (clear) icing conditions. It is felt however,
that the crew did not completely understand the intent of the instructions contained within the
manuals and that their understanding of the situation was limited by lack of any specific practi-
cal training.

It is also considered that either incorrect interpretation of the company AOM and BOM texts, or
insufficient information collected regarding the previous flight history, or the ambiguous intent
of the flow chart in the AOM, hampered the Captain from making important conclusions about
the possibility of clear ice formation.

Further, however, the tactile check as described in the AOM is: “fo check the wing leading edges
along the full wing span until the front spar, indicated by the black ‘no step’ line and perform a
visual scan of the remaining upper wing surface”.

If a tactile check had been performed as described above, the clear ice on the wing may not have
been detected as it is most probable that the clear ice that was ingested by the engines had
formed on the wing surface area aft of the black ”no step” line. It is also debatable as to whether
clear ice in these circumstances could have been detected without a proper device such as a
scraping or tapping tool of some sort (a special type of scraper was developed by SAS after the
MD 81 accident in December 1991). Also the method of performing a tactile check has not been
adequately described.

The Captain did not specifically ask for an anti-ice treatment as he did not consider that the “hold
over” concept was applicable; he also did not specify the percentage of mixture and the type of
fluid to be used for de-icing, nor did the de-icing operator ask for any specific instruction.
According to the AOM however, the criteria for icing conditions was defined as follows: OAT
between +6°C and —25°C inclusive and visible moisture in the air (rain).

At the time of the pre-flight inspection, according to these criteria, icing conditions did exist. The
company de-icing “hold over” tables, showed that no hold over was required for temperatures
above zero, unless in presence of “freezing rain”. Since on the day of the incident the rain was
not “freezing rain” and since cold soaked wings were not taken into consideration the Captain
could conclude, in view of the existing conditions, that the “hold over” procedure was not appli-
cable in these circumstances and therefore that no anti-icing was required. The “hold over” cri-
teria (persistence of the de-/anti-icing effect following the fluid application) is described in the
AOM to take into account the time elapsed from engine start to start of take-off run.

According to the same “hold over” tables however, when rain is falling onto a cold soaked wing,
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anti-icing must be performed with de-icing fluid type II 75% or better, in order to obtain suffi-
cient holdover time for start up and taxi out to the runway. In the case of KL 1636, the aircraft
was experiencing or had experienced rain on cold soaked wings and so de-icing should have
been performed with at least Type II 75%. The fact that the Captain did not take the state of the
wings into account as was mentioned in the “hold over” tables, is a further indication that he did
not recognise the wings as being cold soaked.

In relation to wing ice accretion detection and avoidance, KLC company manuals referred to cer-
tain criteria, including the instruction to carry out tactile check during a pre-flight inspection, the
observance of “hold over” tables applicable after anti-icing and the use of engine anti-ice. In this
case the Captain drew the incorrect conclusion that he did not have to perform a tactile inspec-
tion of the wings because he had already observed ice on the wings. The Captain correctly decid-
ed to select Engine anti-ice “ON” during the take-off but he did not think that icing conditions
existed related to the “hold over” criteria and hence his decision not to anti-ice the aircraft.

The Captain of KL 1636 was sensitive to a previous negative experience in another Italian air-
port when, as he stated, his aircraft had improperly been de-iced. Yet this sensitivity appeared to
be only related to the outcome of the de-icing process itself and not to the capacity to recognize

any possibility of clear ice build-up prior to the de-icing.

2.3.3. The de-icing operation

In the company regional operating manual (ROM) which was on board the aircraft, it was stat-
ed that Type I Kilfrost ABC 3 fluid would be used in either “1 step” or “2 step” operation to
be specified by the Captain.

Further it was specified that SAGAT would be the company performing the de-icing operation
and Alitalia would be the company inspecting after the de-icing operation.

This is the only information that the Captain had at his disposal in regard to the de-/anti-icing
operation at Torino Caselle airport.

The Captain did not request a “2 step” spraying (de-/anti-icing ) as he considered that it was only
necessary to de-ice the aircraft.

He did however specify to the de-icing operator to spray the underside of the wings and the tail
of the aircraft. The Captain would not have been aware that Meridiana was performing a “2 step”
procedure.

The de-icing operator requested the Captain to “control the result”.

In SAGAT de-/anti-icing operation manual - “Final check before aircraft departure” — it is stat-
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ed that the release of an aircraft for departure after de-/anti-icing treatment must be obtained
from authorized personnel (from aircraft company or from authorized inspecting company). In
essence, that the responsibility for the de-/anti-icing operations remained with the aircraft oper-
ator, in particular the designated ground engineer or, in his absence, with the aircraft’s Captain.
According to the de-icing operator, his request to “control the result” directed to the Captain,
would have in essence related to the post de-icing inspection. The reply from the Captain “OK
good” may have been interpreted as confirmation of this.

The Captain on the other hand could not recall any other conversation with the operator other
than the request to spray the underside of the wings and the tail.

The fact that the Captain could not recall any part of this conversation with the de-icing opera-
tor could indicate that he did not comprehend the meaning of the request to “control the result”.
There is no certainty about the actual or intended meaning of the conversation between the
Captain and the de-icing operator, however it can be concluded that there was a misunderstand-
ing between them regarding the final inspection of the aircraft.

Visual inspection of the underside of the wings was sufficient to satisfy the Captain that the ice
had been removed from the aircraft. He did not intend to perform an inspection for the correct
execution of the de-icing operation since, to his knowledge, it would be conducted by Alitalia
personnel. He performed this inspection because of his previous negative experience with qual-
ity of de-icing operation in another Italian airport. Yet this sensitivity appeared to be only relat-
ed to the outcome of the de-icing process itself and not to the possibility to recognize any clear
ice build-up prior to de-icing operation.

The Captain stated that according to the ROM Alitalia ground staff would perform the post de-
icing inspection. The Captain, however, did not call for any Alitalia operator before de-icing, nor
did he request any verbal or written report from Alitalia ground staff after the treatment con-
firming the airworthiness of the aircraft. There were no procedures or instructions from the com-
pany to this effect and as such the Captain could have assumed that Alitalia would have been
summoned by SAGAT.

Alitalia did not inspect the aircraft because there was no agreement with KLC for post de-icing
inspection and they were not asked to do so.

The receipt for the de-icing operation was handed to the Captain without the signature of the
supervising agent. There was however no information available to the Captain from KLC, as to
whether he had to specifically check signatures on such a receipt or if in fact that he had to

request any such document. Unlike load sheets, for example, where specific items are required
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to be checked, there were no instructions regarding the receipts for de-icing. Also, there are no
standard invoices for de-icing. Therefore, it is reasonable to assume that any receipt for the de-
icing operation may have only been intended for keeping track of payment.

As mentioned before, the Captain did not request any specific type of fluid for the treatment and
the aircraft was de-iced with Type II, 50 %. That fluid concentration was not suitable for anti-
icing cold soaked wings in rain conditions. The temperature of the fluid at the gauge of the de-
icing truck was reported to be 65°C, but the actual temperature at the surface of the wing is
unknown and therefore it is not possible to determine whether the fluid would have been ‘hot’
enough to remove clear ice.

PH value, refractive index and viscosity at the nozzle were all tested to be within limits for the
type of fluid that was used for the de-icing operation. However, clear ice removal also depends
upon the cross sectional area of the spray, the distance of the nozzle from the surface of the wing
and the technique used during the spraying.

In order to deploy the correct technique it is also necessary that the de-icing operator is aware
that clear ice is present. It is unlikely that a thick layer of clear ice may have formed on the wings
after the spraying, but rather it is reasonable to believe that the clear ice already on the wings

was not removed.

2.3.4. Take-off roll, rotation and initial climb-out

Engine indications and aircraft performance were described by the crew as being normal during
the take-off roll.

The increase in fan vibration of engine No.1 and the sudden failure of engine No.2 at lift off sug-
gests that both engines were affected by the same phenomena. Ice ingestion is the most likely
cause as this is normally released from the wings during rotation and no other evidence of bird
strike or other foreign object damage was found. Further to these ‘glass like’ pieces of ice were
found on the runway immediately after the landing at the same position where the aircraft com-
menced its rotation.

The high vibration in engine No.2 resulted in failure of the bracket holder of the throttle lever
angle transducer unit. The Captain stated that he was aware that he was flying with manual throt-
tle and so he was therefore in complete control of the thrust setting on engine No.1. According
to the DFDR  there was a slight reduction in EPR on engine No.1 during the initial climb. This
could have been caused by a reduction in the engine performance due to the damage or it may

have been caused by a small movement of the thrust lever. In the simulator exercise it was noted
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that the simulator reached 6.000 feet, 40 seconds before the actual aircraft. It was possible to
match the actual aircraft performance with a very slight aft movement of the left throttle.

It may have been fortuitous that the autothrottle failed on KL 1636 (note however, that AT was
already declutched, as per design, from about 80 kts in the take-off roll and thus when the engine
failed).

In the SAS MD-81 event automatic thrust increase was activated as a result of the surging in both
engines. It was also stated in the report on that accident that right hand engine could have been
used with reduced thrust and if the left engine had remained at reduced thrust the aircraft would
have been able to continue flying.

One of the reasons that KL 1636 did not suffer the same fate as SAS could have been due to the
less aggressive movement of the throttle. The DFDR showed variations in vibration levels direct-
ly related to throttle movement. A more aggressive autothrottle movement might have adverse-
ly affected engine vibration.

However, given the fact that the AT was already declutched when the engine damage occurred,
that Fokker Services has indicated that it is not necessarily so that manual thrust lever manipu-
lation is always less aggressive than AT control, and also considering that a high level of engine
vibration was not so much depending from thrust lever movement, but occurred (initially) at sta-
ble thrust level, further considering the workload reduction by AT in demanding situations, it is
felt by the investigating team that, in similar situations, it shall be left to the flight crew whether

or not to re-engage the AT.

2.3.5. Alert sequence and system behaviour

The crew of KL 1636 were trained to cope with an engine failure at V1. However, during train-
ing, failures are expected by the crew to occur and as such are anticipated.

In Torino the failure at V1 was sudden. In addition the Engine Failure (N-1) departure procedure
required a right turn at 1.500 feet QNH and thrust control of the left engine had to be managed
manually (also a normal situation with both engines operative until re-clutch of the AT). The
KLC re-enactment of the crew’s actions in the simulator indicated that they performed the air-
craft manoeuvring and configuration changes (except for the late landing gear up selection) in a
well organized and decisive manner.

The alert procedure for the engine failure did however present some problems. When the first
officer selected the fuel lever to shut it moved only slightly before it jammed almost in the full

open position. This created some confusion as the possibility of this scenario was not known to
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the crew. This confusion is highlighted by the first officer’s repeated attempts to close the fuel
lever. In essence, one line of the alert procedure ‘Fuel Lever Shut’ had to be skipped.
Immediately following, the first officer was faced with a second dilemma. According to training
performed in the simulator for this type of problem, indications of residual N1 and N2 rotation
meant for them that there was no severe engine damage. His observation of N1 and N2 were in
direct contradiction to the “kind of bang” that he had heard during rotation. As the N1 and N2
observation was a trained discipline and the “bang” was open to interpretation the crew were
probably discouraged from pulling the fire handle. It was not written in any company documen-
tation that the fire handle should be pulled in the event of the fuel lever not being able to be
closed, even though this would seem to be a logical course of action.

Although not pulling the fire handle did not have any adverse consequences for this flight, the
first officer was preoccupied by the status of the fuel lever and both the Captain and first officer
were confused as to whether to pull the fire handle or not. Extra instructions in addition to the
emergency checklist, more diverse examples of engine behaviour in the simulator during train-
ing and more complete explanation of the system behaviour would have helped the crew to over-
come several of their uncertainties.

The autothrottle alert that was presented at 400 feet Radio Altitude was followed by a cabin pres-
surization control alert presented at 1.500 feet QNH. The latter alert which was confirmed by an
overhead system fault light and a sense of pressure variation in the ears was stated by the first
officer, as being a cabin pressure control channel fault on the left hand MFDU.

While the left MFDU showed the “level 17alert message “CAB PRESS CTL CHAN” (mal-
function of a control channel of cabin pressure system), the right MFDU showed the “level 2”
alert message “CAB PRESS CTL” (cabin pressure system control malfunction).

This possible aircraft inconsistency also occurred in the simulator re-creation. It must be noted,
however, that the simulator does not contain a Flight Warning Computer, as all faults are gener-
ated by a simulation computer.

A reproduction attempt on the incident did not show a mismatch between the alert and the pro-
cedure heading. It is therefore recommended to review the simulator software.

The procedure for the cabin pressurization control alert appeared on the right MFDU below the
autothrottle fail procedure; however the real or perceived inconsistency between the message on
the left screen and the procedure on the right screen also created confusion for the first officer.
The system of dealing with all the alert procedures presented on the MFDU, before referring to

the emergency checklist, would have been an extremely cumbersome and time consuming way
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of doing things in this case.

The MFDU Engine Fail alert procedure already required reference to the paper emergency
checklist for the item “single engine procedure, apply”.

Then the MFDU alert procedures for the autothrottle failure and the Cabin Pressurization
Control would have to be completed before reference could be made to the paper emergency
checklist for all three procedures thus far presented. The first officer commented that he only
checked the emergency checklist for the Cabin Pressure Control alert and he skipped the
autothrottle checklist as the Captain had already announced that he would continue with manu-
al throttle.

When the Fuel Asymmetry alert was presented on the left MFDU both pilots commented that
they were surprised by this.

The Fuel Asymmetry alert is normally triggered for a 350 Kg asymmetry. It has been calculated
that an unbalance of 160 Kg (in excess in the right tank) was already present at the beginning of
the flight.

During the simulator re-enactment the Fuel Asymmetry alert occurred at the same time as it
occurred in the aircraft which confirms the unbalance calculation of 160 Kg prior to lift-off.
The fact that the Fuel Asymmetry alert came as a surprise can be explained. The initial unbal-
ance of 160 Kg. meant the time interval to the alert was approximately half the normal time
interval that would usually be expected. In the absence of the initial unbalance, the normal exe-
cution of the single engine procedure, which includes selecting the fuel cross feed, would
already be completed thus avoiding this alert altogether. In this case, however, at the time of the
Fuel Asymmetry alert the single engine procedure had not yet been completed.

Engine No.1 vibration level went below limits (alert activation limit) 26 seconds after the Fuel
Asymmetry alert appeared. Which was confirmed by the first officer when he reported the alert
procedure for the vibration shown on the left MFDU with a white tag instead of an amber tag
(the alert procedure will change from amber to white when the alert is no longer valid).

At that stage, the failures of the autothrottle and the Cabin Pressurization systems had been pres-
ent for two minutes on the right MFDU and there was insufficient space to show the Engine
Vibration High alert procedure, since the MFDU system logic would only allow its presentation
upon completion of the procedures already displayed.

The statements received from the first officer were somehow contradictory and it is difficult to

assess certain aspects of the course of events.
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2.3.6. Crew Management

Historically the likelihood of an engine failure during lift-off is remote and although such an
occurrence may come as a surprise to the flight crew, they are trained to perform certain essen-
tial actions. It is important to retract the landing gear immediately to obtain the best possible
climb capability.

In the case of the failure of both engines on a twin-engine aircraft, a better option may be to leave
the landing gear extended.

Certainly the landing gear should not be retracted without confirmation of a positive rate of
climb.

During the KLC simulator re-creation it was felt (by the participants) that the 14 second time
interval between rotation and gear selection did not ‘seem’ excessive considering the initial
shock of the situation and comprehension of the event that was occurring. This impression was
derived from the consideration of human factors.

Other members of the investigation team felt however that the gear should have been retracted
more quickly and this opinion was driven from a more clinical or technical view point.

The delayed retraction of the landing gear, in this case, did however provide a valuable insight
into the crew response. It was considered by the investigation team to suggest a review of the
take-off engine failure procedure by KLC, to include a ‘positive rate’ call by the PNF, to focus
the attention of the crew to gear selection.

The crew co-ordination during and immediately after the engine failure was such that the
Captain manoeuvred the aircraft while the first officer communicated the emergency situation
with ATC and then performed the alert procedure. The demands of manoeuvring in the Torino
Caselle terrain area, in combination with multiple failures, required the adoption of split cock-
pit duties (reduced cross check between pilots) different from the normal crew integration adopt-
ed for single malfunctions. In other words each pilot would have had very little opportunity to
concentrate upon the tasks of the other. This factor was also demonstrated in the simulator re-
creation.

The overall situation was however discussed between the Captain and the first officer. For exam-
ple the crew decided together that holding at SIRLO was more desirable than the acceptance of
radar vectors for an immediate return for landing.

The MASTER CAUTION light was left flashing after the dual autothrottle Fail alert was pre-

sented. This meant that both the visual and aural attention getter for the subsequent alerts includ-
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ing the Engine Vibration High alert were suppressed. A high workload situation can distract one’s
attention from other apparently less critical matters, however, cancellation of the warning in this
case would have probably lead the crew to the conclusion about the source of the left engine
vibration a lot sooner. A single chime would otherwise have sounded for the (VIB HIGH) alert.
Shortly after the vibration was traced to Engine Nol, the Captain issued a MAYDAY call. ATC
responded as they had done to the initial PAN PAN PAN call by offering the aircraft radar vec-
tors for an immediate return to Torino. This offer was declined for the second time and it was
not until approximately 10 minutes after the MAYDAY call that KL 1636 requested to return.
During the 10 minute time interval the crew went through the normal procedures and checklists
in preparation for the approach and landing.

The Captain contacted the cabin attendant by interphone and informed her that it would be
another 10 to 15 minutes before landing and he followed this with a public address to the pas-
sengers. The cabin crew did not have any face to face contact with the Captain or the first offi-
cer and they did not relay their concern about the vibration that they had been feeling in the cabin
floor. This added information might have prompted the Captain into considering a quicker return
than was currently being performed.

Even after the crew had curtailed some of the alert/emergency checklist procedures they were
still burdened by a lengthy approach process including descent and approach checklists. It is felt
that an immediate return checklist that could be activated upon the declaration of a MAYDAY
would have helped the crew to land the aircraft far sooner than they did. It is also felt that the
concept of the MAYDAY call was not fully understood by the crew.

ATC’s interpretation of the MAYDAY was that of a request for immediate assistance which was
offered in the form of radar vectors. This offer was turned down so in these circumstances if anoth-
er aircraft had declared a MAYDAY then the priority would have shifted away from KL 1636.
This would have created a dilemma for the ATC. A clear understanding of the MAYDAY call
would have meant that the crew would have accepted the immediate return and would have

abbreviated their approach preparation even more.

2.3.7. Crew communication and survival aspects

During rotation both cabin attendants were immediately aware that something was wrong with
the aircraft. Each of them also made some very important observations during the early stages

of the flight namely the vibration of the cabin floor, the very loud ‘bang’ and the yellow flame
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outside the aircraft. However, this important information was not relayed to the cockpit.

The Captain contacted the CA1 by interphone approximately 8 minutes after lift off. This was
the only communication between the cockpit and the cabin during the entire flight. The fact that
the Captain did not request any information from the CA1 may have given her the impression
that everything was known to the cockpit crew. However, had the information about the loud
‘bang’ and the vibration in the cabin floor been relayed to the cockpit at this time, the Captain
would have probably assessed the critical nature of their situation much earlier.

According to the company AOM 6.2.3 it is stated that in circumstances such as returning imme-
diately for landing, the CA 1 should be requested via the public address system to report the
cockpit. It is not stated whether this should be in person or via the intercom.

When the Captain contacted the CA1 he only mentioned the problem of the right engine and that
it would be another 10 to 15 minutes before landing. This is an indication that at this stage he
was probably unaware of the problem with the left engine. The statement to the CA1 to “expect
a normal landing” led her to conclude that it was not necessary to make any preparation for an
“emergency” landing.

Given the critical nature of this situation it is felt by the investigation team that emergency prepa-
rations would have been desirable as the continued operation of the left engine was not neces-
sarily guaranteed. The recurrence of vibration during the approach was even more severe than
had been previously experienced. It is felt that following the MAYDAY call the cabin should
have been prepared for an “emergency” landing.

The CA1 was particularly anxious that the flight was taking too long. Whilst she was not in a posi-
tion to ask the Captain to “speed things up” and she was also probably reluctant to interrupt an
already busy cockpit crew, it meant that her own level of anxiety would have increased with time.
The increased level of anxiety would have affected the performance of her normal duties and
would have certainly impacted on any extra duties that she may have been required to perform.
The Captain was unaware of the state of anxiety of the CA1l and an improved two-way commu-
nication might have helped to alleviate her anxiety.

The CA2 on the other hand did not appear to share the same level of anxiety as she stated that
she conducted a mental revision of her training to prepare herself for any emergency situation.
After the MAYDAY call the Captain made a brief announcement to the passengers giving a short
description of the situation and adding that any further question could be directed to the cabin

attendants.

ANSYV FINAL REPORT - N. 1/2/04 56



24.

Although the Captain probably meant this in terms of information relating to further arrangements
for the passengers and not to questions that may have been of a technical nature, this statement
was considered to be undesirable and may have added even more stress to the cabin attendants
who were in an already stressful situation. A better statement would have been to direct the pas-
sengers to follow all instructions from the cabin attendants. This would have elevated the author-
ity (self esteem) of the cabin attendants and might have also sparked some initiative from them.
In the case of an emergency with time for preparation, the company AOM 6.2.3 also mentions
some recommended text for the Captain’s public address to the passengers including the state-
ment to “follow the cabin attendant’s instructions carefully” Although time and circumstances
may preclude direct reference to this section of the AOM it is felt that the Captain did not con-
sider the particular situation unfolding to fall into the definition of an “emergency” landing. This
is also indicated by the fact that he told the CA1 to “expect a normal landing”.

The investigation team felt that within the industry generally, there should be more awareness
and emphasis placed upon operation after an engine failure in a twin engine aircraft.

In the case of KL 1636 the crew were burdened by several other system failures and in such a
case it is even more important to keep the overall situation in mind. It was left to the discretion
of the crew to assess whether or not an immediate landing was required.

Although the decision to shorten the approach preparation procedures was eventually decided
upon it is felt that the ‘imbedded’ training philosophy to complete all procedures and checklists
in combination with a cumbersome combination of electronic and paper checklists led the crew
into a pre-determined course of action for an excessively lengthy period of time.

The self initiated course of action did not come until 10 minutes after the MAYDAY call.

In this case the only remaining engine was damaged which created a very critical situation. It
is considered that a practical approach rather than academic approach to failure management is
highly desirable in cases such as KL 1636.

As such KLC should evaluate how the rigid use of procedures and checklists, in particular cir-

cumstances, may affect crew decision making.

ANALYSIS OF FLIGHT RECORDERS DATA

The lack of CVR data made the analysis of this investigation more difficult. Although the ATC

audio tape provided some important information such as the content and timing of the emer-
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2.5.

gency calls, a strong reliance had to be placed upon the Captain’s and first officer’s recollection
of many other events. Hard evidence about when and how various procedures and checklists
were performed as well as the crew’s discussion and analysis of the situation would have added
value to the analysis.

Data from the DFDR was used to verify when certain actions such as the selection of maximum
continuous power, new airspeeds or new altitudes were performed. From the DFDR it was also
possible to determine the exact time when each alert occurred.

However, the exact time when the VIB HI procedure for engine No. 1 was presented on the right
MFDU could not be determined from DFDR data. While the DFDR helped to create a good “pic-
ture” of the flight without the CVR the human factor element was missing.

The simulator re-creation helped to give the investigators some idea about the human element.
For example it was determined from the re-creation that the crew would have had many periods
during which they would have had to work independently. The re-creation also demonstrated
how decisive and important an immediate action by the crew would have been and also the over-
all complexity of the multiple failures was made more apparent.

There is no doubt however that the analysis of this event would have been far more comprehen-
sive had the CVR data been available.

As this particular CVR only records on a continuous 30 minute loop, information from the first
minutes of the flight would not have been available. Given that the airborne time was 29 min-
utes and that the aircraft taxied for a several minutes after landing and that there were some fur-
ther checklists performed in the parking position, even if the crew had taken immediate action
to pull the CVR circuit breakers, the most crucial moments during the initial stages of the flight
would not have been recorded.

The CVR was later tested and found to be serviceable and no interface deficiencies were detect-
ed between the equipment and the aircraft itself. It was therefore concluded that since the fuel
lever remained jammed in the open position, the CVR recorded a “silent” cockpit up until the

Captain pulled the circuit breakers some 2 hours after the event.

ANALYSIS OF ORGANIZATIONAL AND MANAGEMENT FACTORS

At the request of ANSV the Dutch Transport Safety Board - DTSB has conducted an analysis of
the structure of the KLLC Cityhopper. The following paragraphs describe the resource manage-
ment, the organizational climate and other aspects of the company structure and are reported

below.
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2.5.1. KLC - Organisation and Management

The organisational preconditions that could lead to this serious incident were difficult to analyse.
Contradicting statements in combination with the fact that just prior the KL 1636 serious inci-
dent two important managers were succeeded by two newly appointed managers, created large
amounts of conflicting information.

KLC’s Management structure complies with the JAR-OPS requirements and has been organized
in a rather flat organization scheme (see paragraph 1.17.2).

This organization structure with direct lines between the Accountable Manager and his/her
Postholders has the advantage that no filtering process, which could cause information to be con-
taminated, will take place. A clear and concise information exchange could be the result.

The flat organizational structure may give the writer of the organization description in the Basic
Operations Manual, the challenge to clearly distinguish the duties and responsibilities between
the different Postholders.

In a flat organizational structure an overlap of duties and responsibilities could complicate the
decision process and create the potential for “somebody else will take care of it” attitude or even
promote a blame culture within the company. A potential problem or uncertainty concerning
decision development could ‘float’ within the company for a considerable time.

When there is no clarity and common sharing of objectives among Postholders, as it has been
observed by the DTSB, some overlap of duties and responsibilities may rise.

Assumptions, such as another Postholder has (probably) corrected the problem, could be a result
of unclear duties and responsibilities. An unclear or overlapping division of responsibilities will
negate the advantages of a flat organizational structure.

Experience has shown that the longer a potential problem or complication ‘floats’ the less effort
is made to correct the situation.

When the problem remains dormant it becomes something that the company gets used too. This,
in combination with overlapping responsibilities, could aggravate the situation and finally this
potential (safety) problem establishes itself as a fixed and accepted anomaly within the company.
According to the organizational JAR-OPS criteria, a Postholder should only approach the
Accountable Manager if he is convinced that the communication/negotiation process with anoth-
er Postholder will not lead to a satisfactory resolution.

Clear distinction between commercial and safety related issues should be recognized and real-

ized by the Postholders when they decide to use the direct link to the Accountable Manager.
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Any reluctance to report directly to the Accountable manager, when deemed necessary, could
hamper a direct flow of information.

The accuracy and scope of information that is supplied to the Accountable Manager is directly
affected by the communication reliability and understanding between the Postholders. If for
whatever reason the information flow is restricted or is inaccurate, then it is not possible for the
Accountable Manager to initiate adequate corrective action.

On the other hand the Accountable Manager should have the ability and even instinct to dis-
criminate signals pointing directly or indirectly to flight safety issues. He should be able to iden-
tify ‘gaps’ at the middle management level and has the authority to demand explanation and set
deadlines to fix a problem.

The JAR-OPS 1 basic organization scheme has placed the QA (Quality Assurance) department
as an independent control function to signal to the Accountable Manager any potential problem
with the Postholders and between the Postholders and the Accountable Manager. That is exact-
ly why JAR-OPS intended this line to be separate from the Postholder communication lines and
thus direct to the Accountable Manager.

In a JAR-OPS organization, if there is an ineffective Postholder group that lacks an internal com-
munication and alerting system and the QA Manager is not able to value the input of available
information, then his controlling capacity over the system becomes degraded and could even

work as counterproductive in the management process.

2.5.1.1. Resource Management

Just prior the time of the serious incident KLC’s operation was expanding. KL.C is a regional air-
line and often operates from regional airports which have a different infrastructure than the main
international airports.

When the de-icing operation (performing and inspecting) was transferred from the responsibili-
ty of a qualified AMT (Aircraft Maintenance Technical) to ground handling, the DAQCP was
formed to monitor the performance of the contracted ground handling companies.

To reduce the burden and costs of inspecting all of its out-stations, KLC joined the DAQCP. This
inspection pool meant that the regional airlines were able to share the costs of the ground han-
dling company audit inspections.

It could be that if there is only one contractor available at a station and that contractor does not
meet the DAQCP audit requirements, then the airport was not suitable for de-icing operations.

Participation in the Pool could be interpreted as a safe-guard and best defence against less pro-
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ficient contractors. Results of the DAQCP audit performed in March 2002 however revealed the
same results as the previous year with no corrective actions having been taken by SAGAT
despite a commitment to do so.

The QA manager at the time was also a DAQCP inspector. He was known to be very eager on
de-icing issues and a strong supporter of the DAQCP. In the company some viewed his intense
interest a “hobby”. His successor started as an assistant QA manager in November 2001 and was
also a DAQCP inspector. He was appointed as QA manager in April 2002 after the serious inci-
dent in February 2002.

According to JAR-OPS 1 requirements 1.890(a)(1) and JAR-OPS 1 AMC OPS 1.890 (a)(1)
(Maintenance Responsibility) at the time of the event, the Maintenance Postholder (Technical
Postholder) was supposed to be responsible for the proper execution of the pre-flight inspection
and post de-icing inspections. None of these activities could be reassigned to other Postholders
without specific instructions or adequate quality control. The MME did not contain any specific
instructions and the Post-Holder Technical (Maintenance) did not verify if the Post-Holder
Ground Handling was able to fulfil the technical aspects of the de/anti-icing operation.
According to CAA NL, none of these responsibilities could be reassigned to contractors or per-
sonnel without the written consent and quality assessment by the Postholder Maintenance. The
appropriate document where the transfer of responsibilities with regard to de-icing should be

explained is the MME. No references regarding this matter were found in the KLC MME.

In spite of the above JAR-OPS 1 requirements the responsibilities as described in KLC’s BOM
prior to the serious incident showed that de-icing operation responsibilities were shared between

the Manager Ground Operations (MGO), the Manager Flight Operations (MFO).

2.5.1.2. Organizational Climate

The financial assets were allocated to the MGO who was also responsible for the contents of the
de-icing contracts. The relationship between quality of service (which also affects flight safety
in this case) versus budget was complicated and required an open and two-way communication
between the MFO and QA Manager.

The QA Manager initially noticed, while spot-checking the ROM, that the type of de-icing fluid
had been changed in Torino. At the same time he also noticed that Alitalia was mentioned as the
inspecting company, whilst he knew that there was no written contract between KLC and

Alitalia. He alerted the MGO and the MFO and received a reply from both of them that it would
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be corrected. However, a contract with Alitalia did not eventuate and information regarding
Alitalia was not removed from the ROM.

Although the QA Manager noticed several times that his signals did not have the desired impact
he expected, he took no further action as he anticipated that next audit would be sufficient to cor-
rect the situation.

The Accountable Manager on the other hand was aware of de-icing problems but expressed that
these were so vast in number that it was difficult to decide which one had more importance. Lack
of effective communication and feedback between the Postholders also made the identification
of the most serious issues more difficult.

The Accountable Manager believed that the QA Manager had a rather naive approach but at the
same felt confident that each Postholder would accept their own responsibilities.

The investigation led to the conclusion that the QA Manager did not understand the message that
he had to relay to the Accountable Manager. It was a message that should not have been related
to the (missing) de-icing procedures issues in Torino only, in respect of the de-icing inspection
contract, but one that would have alerted the Accountable to the confusion existing regarding the
Postholders and their inaction and overlapping of competences and responsibilities in Torino.
The implications of the lack of post de-icing contract and the non compliance with JAR-OPS 1
requirements were not fully appreciated by the QA Manager as it was belief that the Captain had
final responsibility for the flight irrespective of all other issues.

The MFO had the responsibility to define standards for the performance, training and quality of
ground handling activities. As mentioned it could be reasonable to expect that the struggle
between the MGO and the MFO could be intense as both try to meet their individual responsi-
bilities. After analyses of the information obtained during the interviews, the previous MFO did
not feel that he was effectively involved in the process of negotiation of ground handling con-
tracts. He felt that there was no clear allocation where ‘the buck would stop’ if audits or other
signals showed that a problem became persistent within the company.

On the other hand, the MGO had to cope with an expanding company, a diversity of contractors,
a diversity of cultures, varying standards experienced on several regional airports and a strict
budget control.

It seemed that the previous QA Manager expressed his concern related to the de-icing issue so
vigorously and so often that it became almost annoying to all other managers. It could have been

possible that there was an over-saturation on the quantity of concerns expressed by the previous
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QA Manager. In essence therefore he was not taken seriously on this matter. This contaminated
the importance of the signals produced by the previous QA manager and the problem started to
settle in. Mixed with the sometimes troubled conflict of interests between the MGO and the pre-
vious MFO, these were the pre-conditions to get the problem ‘floating’.

The previous MFO was interviewed after he left the company and he stated that he felt that the
internal communication between the Postholders and the QA Manager could have been more
effective. He described it as frustrating to work with an overlap of responsibilities, especially in
the area of ground operations. The result was an almost ‘lethargic’ reaction after continuous con-
flicts with the MGO. It was felt by the previous MFO that when he expressed concern about
ground handling issues the MGO would react with the statement that it would be fixed contrac-
tually. The previous MFO felt he had an awkward relationship with the MGO and he often
noticed a difference between interests and commercial purpose and goals.

An expanding company, an awkward relationship between the previous MFO and the MGO and
a QA Manager not taken seriously on his concern of the de-icing issues were the climate in
which a new MFO was appointed.

The new MFO, who worked previously as a technical pilot, was appointed on the 7th of
November 2001. There was a period of two months of lead-time together with the previous MFO.
The previous MFO felt that the handover was performed in an appropriate way. During the han-
dover period the new MFO sat in on all meetings and was introduced to all outstanding issues.
The new MFO stated that he felt that there had not been a formal or official hand-over of all exist-
ing safety issues. The MFO job-description” to define standards for the quality and contents of
flight preparation and ground handling activities”, was not interpreted by him as a direct respon-
sibility in regard of the ground handling activities. After the new MFO was appointed the QA
Manager noticed that the closure rate of outstanding recommendations was slower. At the time of
the serious incident the company was developing a Quality Manual that was not yet completed.
The Flight Safety Manager (FSM) who manages a Risk Assessment Team (RAT) was at the
receiving end of the reports coming from the aircrew. Crews who experienced complications in
regard of the de-icing issues would inform the FSM via an ASR. After research it showed that
reports were received on unsatisfactory de-icing operations. The flight safety manager was not
invited to any management meetings. The FSM was aware of the QA Manager’s warnings
regarding de-icing and without any other information it could have been interpreted that the QA

Manager had ‘control’ of the matter.
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2.5.1.3. Operational process

Corporate decisions are influenced by distinct and independent information sources and should

be based on reliable, factual and relevant data.

If management requires increased operational tempo and flexibility, due to expansion, then it is
imperative to ensure that the Postholders, Quality Manager and the FSM are suitably qualified

and capable and that they are supported by sufficient numbers of staff members.

When a company is expanding it becomes more vulnerable and more difficult to control. Added
challenges, such as operating from an increasing number of new regional airports, creates even
more pressure. The company was apparently becoming aware of the threat being created as the

initiative to develop an improved quality manual was taken.
At the time of the incident KLLC’s organization structure met all JAR-OPS 1 requirements.

With regard with de-icing issues, corporate decisions and the Accountable Manager’s supervi-
sory role was influenced by the information flow from the Postholders and the Quality Manager.
The Postholders responsibility for de-icing inspection process was not assigned in accordance of
JAR-OPS 1 requirements.

With a misplaced trust in the DAQCP, a non effective approach to management from the QA
Manager, a MGO who considered verbal contracts to be adequate and a Maintenance Postholder
who did not comply with his own JAR-OPS 1 responsibility, and an MFO who encountered sev-
eral frustrations when dealing with the MGO it is not difficult to understand that the numerous

and complex de-icing issues would have been difficult to sort out.

2.5.2. KLC de-anti icing procedures

The BOM, ROM and AOM were the KLC publications in which de-icing procedures were
described as well as the related activities. From a general point of view the information related
to de-icing could be considered satisfactory; however, some information did not match the agree-
ment set between KLC and the handling and inspecting company in Torino.

In the BOM it was reported that the “handling agent would carry out the checks after de-/anti-
icing treatment”. This statement was in disagreement with the information contained in SAGAT
(handling agent) manual, which stated that the responsibility for checking the aircraft after treat-
ment, prior to release for flight, lies with the operator.

In the contract between SAGAT and KLC there was no reference to the procedure for checking
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the aircraft after the treatment.

The ground handling contract between SAGAT and KLC did not conform exactly to the stan-
dard IATA handling agreement specifications. De-icing was mentioned only in regard to the cost
of this service. General procedures were referred to in the station manual which was a direct
copy of some sections of the BOM.

KLC stated that there was a verbal agreement regarding the post de-icing inspection. The agree-
ment was that SAGAT would inform Alitalia that de-icing would take place and that Alitalia
would then send a ground engineer to inspect the aircraft after de-icing was completed. There
were no written instructions about this agreement. This is in contrast with the requirements of
JAR-OPS 1 AMC OPS 1.035 in which it is clearly defined in paragraph 5.1.2 that “A written
agreement should exist between the operator and the sub-contractor clearly defining the safety
related services and quality to be provided”.

Flight crews were not informed of the details of ground handling contracts or any obligations

regarding monitoring the execution of these contracts.

In the BOM it was reported that clear ice on the wing upper surface can only be detected by
touch. This statement is correct, however there were no suitable means available to flight crew
at Torino (e.g. ladder, surgical gloves) to be used in order to carry out this inspection nor was the
handling agent aware about the possibility to make available such tools. In our case, should the
Captain have decided to check the wing upper surface by touch, he would not have any “suitable
means” or suitable tools readily available.

In the ROM is clearly reported that in Torino Caselle, Alitalia was the inspecting company after
de-icing. This information was incorrect. At the time prior and after the incident, according to the
information gathered during the investigation, there was no written agreement with Alitalia. KLC
and Alitalia had a difference of opinion about the existence of a verbal agreement. Even though
the lack of a written agreement was highlighted during the de-icing audit in 2001 as a non-con-
formance, no actions were taken by KLC at any management level to correct the situation.

In the company AOM the full implication of icing conditions was not clear. Icing conditions
referred only to the use of engine anti-icing and wing anti-icing for take-off. The tactile check
only referred to the wing leading edge along the full win span and there were no instructions for
tactile checks to detect the possibility of clear ice formation on the wing upper surface area

above the fuel collector tank area.
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2.6.

JAR-OPS REQUIREMENTS

In relation to de-icing and difficulty of interpretation of JAR-OPS 1, CAA NL and ENAC stat-
ed that after studying JAR-OPS with respect to de-icing, JAR-OPS regulations, as they are cur-
rently written, they are not ambiguous and contain enough information on how and what an
operator needs to arrange for de/anti-icing. Each JAR-OPS operator when using sub-contractors
needs to arrange these services contractually and remains responsible for the quality and safety

of the services.

It is noted that most services defined under ground handling which can be outsourced to sub-
contractors are not regulated and there is no requirement for sub-contractor compliance. There

is no JAR “Ground Handling Operations” for sub-contractors.

Also, safety critical functions within certain ground handling services are not licensed by
Aviation Authorities even when ICAO standards exist. It therefore remains the responsibility of
each individual JAR-OPS operator to make separate arrangements to ensure that sub-contractors
are qualified and properly trained, procedures are up to date and available and that standards are

maintained.

At out stations control and oversight of quality and safety of services is far more difficult and

complex.

Therefore a European / International approach, in terms of regulated international safety stan-

dards for ground handling companies, is considered necessary.
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3.1.

CHAPTER III

CONCLUSIONS

CONCLUSIONS

EVIDENCES - FINDINGS

10.
11.

The pilots and cabin crew were qualified to perform the flight.
Aircraft Certificate of Registration and Airworthiness were valid and the aircraft was
airworthy.

Company procedures on economical fuel tanking were not applied, thus the aircraft depar-
ted from Amsterdam with ‘round trip’ fuel and did not require fuel uplift prior to departure

from Torino Caselle.

A mixture of clear ice and other types of ice formed on the upper surfaces of the wings
during the night stop (overnight).

The Captain did not link the weather conditions and the previous flight history with the pos-
sibility of clear ice formation.

The Captain did not receive any information regarding the previous flight history.

The operating company’s instructions, procedures and equipment were insufficient for ensu-

ring the discovery and removal of clear ice.

The (clear) ice on the upper surface of the wings was not discovered during the pre-flight
check.

The Captain asked the de-icing operator to de-ice the aircraft including the underside of the
wings and the tail. The Captain did not request anti-icing and did not specify the type and
the percentage of de-icing fluid to be used.

The de-icing operator did not ask the Captain to specify the de-icing fluid type and percentage.
According to company de-icing and hold over tables a minimum of Type II 75% fluid was
required to be sprayed as a second step anti-icing treatment for the conditions of rain on cold

soaked wings.
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12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

The aircraft was sprayed with Type II fluid 50%.

The de-icing operation carried out before the flight did not remove the (clear) ice from the

upper surface of the wings.

According to the company ROM, Alitalia was recorded as being the inspecting company for

de-icing at Torino Caselle airport.

In the SAGAT de-/anti-icing operation manual - “Final check before aircraft departure” it
is stated (translated from Italian) that the aircraft must be released by authorized personnel
(from a/c company or from authorized inspecting company) after de-/anti-icing treatment
has been performed.

There was misunderstanding between the Captain and the de-icing operator regarding the
final inspection of the aircraft.

The Captain performed a visual inspection of the underside of both wings after de-icing was
completed.

The (clear) ice on the upper surface of the wings was not discovered after the de-icing treat-
ment was performed.

The flight crews were not informed about the procedures that were agreed between KLC and
SAGAT regarding the de-icing operation.

The de-icing invoice that was handed to the Captain did not have a signature for company
inspecting.

At lift off the (clear) ice separated from the wings and was ingested by both engines; this
occurrence caused the right engine to fail (the engine was shut down due to activation of the
Emergency Shut-Off Cock system — ESOC) and the left engine to develop high fan vibration.
The crew issued a PAN PAN PAN call 30 seconds after lift-off followed by a MAY DAY call
7 minutes after lift-off. The Captain did not accept radar vectoring for an immediate return

that was offered by ATC on both these occasions.

Visual and aural attention getters for several alerts were suppressed due to the flight crew
not having cancelled the MASTER CAUTION.

The crew had to cope with several system failures during a critical phase of flight.

The ENG VIB HI alert is a “level 1”alert and the attention getters are suppressed when a
MASTER CAUTION is not cancelled. The left hand MFDU will present the alert however the

procedure does not appear on the right hand MFDU until there is sufficient space available.
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26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

The ENG VIB HI alert is not upgraded in circumstances when the other engine has failed.

Company training regarding residual N1 and N2 rotation on the failed engine led the crew

to believe that the engine had not suffered severe damage.

The Captain and First Officer were not aware of the severe engine No. 2 damage and the-

refore did not follow the Engine Fire / Severe Damage checklist.

The crew did not pull the fire handle (in accordance with the engine fire / severe damage

checklist) at the time of the engine failure.

The fuel valve on the engine was closed by the ESOC system and the fire handle would have

closed the fuel fire shutoff valve on the wing rear spar.

The ignition system remained active after completion of the severe engine damage checkli-

st until the crew pulled the circuit breakers for the system.

The fuel lever could not be shut after the activation of the ESOC system and the crew was

confused by this phenomenon.
The ESOC system is an independent, mechanically activated system.

The crew did not immediately recognise the high engine vibration in Engine Nol due to the
occurrence of several other system failures and due to the fact that the MASTER CAUTION

was not cancelled.

The Captain decided to commence the approach at Torino approximately 10 minutes after
the MAY DAY call was made.

Despite the decision by the crew to curtail some of the alert / emergency checklist procedu-

res the aircraft remained airborne for 28 minutes and 20 seconds.

Communications between flight and cabin crew during the emergency were considered not
adequate to cope with the situation. Cabin crew was aware of excessive vibration in the
cabin but they did not report it to the flight crew. The flight crew did not request informa-

tion from the cabin crew.

The Captain did not request for the cabin to be prepared for the possibility of an emergency
landing or on ground emergency.

Although the remaining engine performed well considering the circumstances, it is not pos-

sible to predict without further technical analyses, if aggressive accelerations could have

been sustained by the engine.
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40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.
53.

54.

The most critical stage of the incident would not be on the available CVR recorded tape due

to the fact that it was limited to 30 minutes recording time.

KLC was JAR-OPS 1 certified since December 2001.

The responsibilities (as described in Company’s BOM) regarding de-anti-icing operations
were shared between the Manager Ground Operations (MGO), Manager Flight Operations
(MFO).

The Manager of Technical Operations was not directly involved in the de-icing process. (The
QA Manager only communicated to the MFO and MGO).

The Postholders responsibility for de-icing inspection process was not assigned in accor-
dance of JAR-OPS 1 requirements.

The Flight Safety Manager was not included in any company management meetings.

The MME did not clearly specify any references to the de-icing technical standards or pro-
cedures with regard to transfer of responsibilities.

The Postholder Technical (Maintenance) did not verify if the Postholder Ground Handling
was able to fulfil the technical aspects of the de-/anti-icing operation.

Information concerning recognition, detection and removal of clear ice in the Company
(BOM, ROM, and AOM) publications was considered insufficient and confusing for ensu-
ring the discovery and removal of clear ice.

General procedures were referred to in the KLC station manual which was a direct copy of
various sections of the BOM. There was no reference to specific procedures or instructions
in the station manual.

The ROM incorrectly stated that Alitalia was the inspecting company for KLC in Torino.
KLC did not have a contract for an inspecting company in Torino. This was highlighted
during the de-icing audit in 2001 as a non-conformance.

No actions were taken by KLLC at any management level to correct the non-conformance.
KLC did not publish any specific de-/anti-icing instructions to SAGAT Handling regarding
de-/anti-icing inspection.

The ground handling contract between KLC and SAGAT did not conform to the standard

IATA handling agreement specifications.

ANSYV FINAL REPORT - N. 1/2/04 70



55.

56.

57.

38.

59.

60.

61.

During the DAQCP audit in January 2001 it was highlighted that there wasn’t any valid
signed contract with a company in charge for the de-/anti-icing inspection. This non-confor-
mance was mentioned to the MFO and MGO by the QA Manager; however the company
ROM was not amended.

DAQCP and KLC internal de-icing audit follow-up was not effective; non-conformances

that were discovered were not correctly addressed within the company management.
The DAQCP does not have any sanction possibilities.

KLC’s Quality System regarding the de-icing process was ineffective. The feedback system
did not ensure that necessary corrective actions were both identified and carried out in a

timely manner.

The SAGAT manual for de-/anti-icing operations (“Trattamento De-/anti-icing degli aero-
mobili”) is published in Italian only.
Most of the services defined under ground handling which can be outsourced to sub-con-

tractors are not regulated by JAR OPS.

Safety critical functions within ground handling are not licensed by aviation Authorities

even when ICAQO standards exist.

3.2. IMMEDIATE CAUSES

The primary cause of the event was the ingestion of ice by both engines which caused the right

engine to fail completely and the left engine to develop high fan vibration.

3.3. SYSTEMIC CAUSES

From the evidence gathered during the investigation and the analyses made, the following con-

tributing factors were identified:

1.
2.

The company’s procedures on economical fuel tanking were not applied.

Information regarding icing and weather conditions was not available from the previous fli-

ght.
Lack of a procedure for the transfer of information for aircraft/crew hand over.

Both inbound and outbound crew did not draw the conclusion that the wings were cold
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soaked and so the formation of clear ice was not suspected.
5. Clear ice was not detected on the upper surface of the wings.
6. Clear ice was not removed from the upper surface of the wings.

7. After the de-icing operation a tactile check was not performed to check for the removal of

all ice from the wings.

8. The company’s information regarding the recognition and detection of clear ice was inade-

quate and confusing.

9. The company’s facilities, equipment and procedures were inadequate for the detection of

clear ice.

10. The crew was not aware that there was no de-/anti-icing inspecting company available in

Torino for KLC.

11. The confusion and the overlapping responsibilities of the Postholders and their inaction with

respect to the repeated warnings from the Quality Manager with relation to de-icing.

12. The company’s quality system was ineffective with regard to de-icing operations.
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CHAPTER 1V

SAFETY RECOMMENDATIONS

SAFETY RECOMMENDATIONS

4.1. Recommendation ANSV-27/140-1/1/04

Recommendation to be addressed to ENAC and CAA-Netherlands, through the DTSB:

That European / International Aviation Authorities establish international safety standards and

procedures for ground handling companies.

4.2. Recommendation ANSV-28/140-2/1/04

Recommendations to be addressed to CAA-Netherlands, through the DTSB.

a) To the address of KLLM Cityhopper

1.

That KLC clearly define Postholder responsibilities with respect to icing operations and

assign an order of priority to these responsibilities.

That KLC review and modify all ground handling contracts to conform to industry recog-
nised agreement specifications.

That KLC involve the FSM in Postholder management team meetings when those meet-
ings include flight safety related subjects.

That KLC use this report to asses the effectiveness of its current quality assurance system.
That KLC incorporate cockpit/cabin communication and highlight the importance of
such communication in joint CRM recurrent training sessions.

That KLC establish clear instructions and crew understanding as to when the cabin
should be prepared for an emergency landing.

That KL.C review and expand its training with regard to engine failure recognition, severe

engine damage indications and the information regarding residual N1 and N2 rotation.

That KLC review crew hand over procedures and the information that should be
exchanged between inbound and outbound crew and that crew should be trained to recog-

nise when and what information should be passed on.
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10.

11.
12.
13.
14.

15.
16.

17.

That KLC consider defining flight crew emergency management priorities to eliminate

hindrance by rigid procedures and/or training induced inflexibility.

That KLC review the company’s instructions, procedures, training and information
reported in the relevant publications (BOM, ROM, AOM) related to detection and

removal of clear ice.

That KLC provide ‘hands on’ training to all crew regarding the detection of clear ice.
That KLC provide suitable equipment to enable crews to detect the presence of clear ice.
That KLC review the effectiveness of the DAQCP.

That KLC specify and inform all crew of their responsibilities regarding the execution of

the duties that are performed by ground handling companies.
That KLC ensure adherence to fuelling policies in conjunction with crew judgement.

That KLC consider the installation of CVRs which have 2 hour recording capability on

all their aircraft.

That KLC arrange verification of the Fokker 70 simulators for the correct indication of

the cabin pressurization control alerts.

b) To the address of Fokker Services

1.

That Fokker Services informs all operators regarding the complexities associated with
severe engine damage and in particular the possibility of a jammed fuel lever.

That Fokker Services considers including information in the Aircraft Operating Manual
to recommend crew to bypass unnecessary preparations in cases when an immediate
return must be made to ensure survival.

That Fokker Services in cooperation with Rolls-Royce review the procedures and train-
ing techniques on how to identify and handle suspected engine damage and the use of
autothrottle with an engine which has suspected damage.

That Fokker Services in cooperation with Rolls-Royce review the ignition system logic,
and how to deal with the possibility of the ignition system remaining active after comple-
tion of the severe engine damage checklist with a fuel lever blocked in the open position.
That Fokker Services review the technical and operational aspects of the alert priority for

the ENG HI VIB alert in cases when the other engine is non-operational.

ANSYV FINAL REPORT - N. 1/2/04 74



4.3. Recommendation ANSV-29/140-3/1/04
Recommendation to be addressed to ENAC.

That Handling Companies publish the operating de-anti icing manual (normally published in

Italian) also in English.
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APPENDIX I:

APPENDIX I bis:
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LIST OF APPENDICES

Torino Caselle aerodrome layout.

Torino Caselle Metar information.

SAGAT de-icing document.

Torino Runway 36 standard instrument departure and ILS approach chart.
DFDR engines parameters plotting and Fokker 70/100 instrument panel.
ATC radio communications transcript and radar plot.

PH-KZH engines and debris photos.

Runway inspection statement.

JAR-OPS 1 requirements.

KLC - General.

KLC ROM de-/anti-icing Procedures Outstations, KLC AOM de-/anti-icing

decision flow chart.

ANSV — “Messaggio di allerta” Safety Alert Message , KLC crew bulletin
Fokker 70, Fokker 70/100 All Operators Message.

KLC/SAGAT ground handling agreement.
KLC Quality Audit to Alitalia De-/Anti-icing.
Fuel density vs Temperature plot.

Fokker Services answers to the Flight Warning Logic with respect to Cabin

Pressure alerts.

The attachments included are copies of original documents made available to ANSV through vari-

ous sources. In these documents the privacy of all individuals involved in the event has been safe-
guarded, as indicated in Legislative Decree of February the 25th 1 999, n. 66.
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AERCFORTO DIz TORIMG

QEANZAIE OBe3IledF

STAMFA DEL FILE BOLLETTINI FETAR G FLAFPY STORICO

SO0/ W10 ELLETTIMO EMERRG
EIMF 1511202 040LOKT 4000 RAa BR SCTOON OVCOL0 0402 Q1021w

2002.M2510 113530 BOLLETTIMGO ERERSO
LIMF 1511502 03009KT A000 RA BRE SCTOGS OVCO10 03702 81021=

20022515 12020 BOLLETTIMO EMEESG
LIMF 1531220 QLOOPKT 4000 RASH BR BRNGOI OVCO10 02701 fio21=

ZO02/02/L5 123580 BOLLETTING EMEBSD .
LIMF 1512507 33006KT 1400 SH BR BHMOS OVCOL0 00/MOL R1021s=

20020215 15020 ROLLETTIMO EMESSO
LIFF 1313208 IF00MKT 1500 S BR BEKNOOZ OUVCOL4 OQ00.M01 G10@1=

2002 02ALS 135280 B LETTIMO EMESSE0
ILIMF 15135QZ JF1007KT 1600 SM BR BEMNOOS OVCOL0 00.MO1 G102l
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ClLEAR= '
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LIMF 1315302 JS00BKT 7000 RA SCTOLSG OVOOEY o200 GLO20=

PROASORSLE 17220 BOLLETTING EWESS0
LIMF 151720Z S3008KT 7000 R4 SCTOOR OVCODSO 02/01 GHo?i=
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LIMF 1312207 YRBOGKT 7000 RA SCTO0E CVWCOZ0 02400 B1021=
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LIMF 1518207 WRBOZKT 4000 fa SCTOOE WCOI0D 01700 O1021=

L00RA0RSLD 18250 BOLLETTIMI EMESEHD
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T
SAGAT

AEROPORTO CITTA’ DI TORINO

TRATTAMENTO
DE/ANTI-ICING DEGLI
AEROMOBILI

Direzione Operativa — Traffico
1* Edizione 11 giugno 1999
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DE ICING MANUAL

5. FROCEDURE OPERATIVE EROGAZIONE DEL LIQUIDOD
DEANTHCING, IMPIANTO DI STOCCAGGIO E TRATTAMENTO DEI
LIQUIDI.

5.1. PROCEDURE OPERATIVE

La responsabilita dell'erogazione ¢ della Compagnia aerea, in particolare nella
persona del tecnico motorista e dove non presente, del comandante dell aeromobile.
La richiesta per il trattamento de-icing, di quali parti trattare e della percentuale di
diluizione acqua/liquido viene fatta dal Responsabile Tecnico della Compagnia
all*’addetto rampa il quale a sua volta inoltrerd tale richiesta al Responsabile di Linea
Piazzale che ha 1] compito di dare la priorita del trattamento de-icing agli aeromobili
secondo lo schedulato di partenza o deglhi eventuali slots.

5.1. EROGAZIONE DEL LIQUIDO DE-ICING

N.B. la temperatura del fluido miscelato all'uscita dell’uscita dell’ugello deve essere
di almeno 60°C.

Normaimente I’ erogazione del liquido deve essere a pioggia per evitare inutili sprechi
e coprire cosi con 1"erogazione, una maggior superficie.

[l getto va solamente usato per lo snevamento (quando si eroga solamente acqua),
oppure quando sull®ala, i particolare al suo congiungimento con la carlinga, si noti la
presenza di uno strato di ghiaccio superiore ai 3 mm. In quella zona spesso ¢'® una
formazione di ghiaccio wasparente, alla quale & necessario prestare particolare
attenzione durante 1’erogazione del liquido de-icing. In tal modo la pressione del
getto forera il ghiaccio e, grazie alla trasmissione della temperatura del liquido, si
avra lo scormmento del medesimo sotto la crosta di ghiaccio che a sua volta si
stacchera.

Per quanto inerente all'erogazione del liquido de icing sulle ali ed i piani orizzontali
di coda & necessario iniziare dall’estremitd verso il congiungimento con la fusoliera
(cosi facendo, 1l liquido inizierd a colare sghiacciando la parte successiva), e dalla
parte anteriore verso quella posteriore (evitando di far finire 1l liquido all’interno del
pannello dei flaps nel quale potrebbe impedirne il movimento o ghiacciare).
L’erogazione dello stabilizzatore di  direzione (timone) deve essere iniziata
dall’estremitd superiore, verso quella inferiore, dirigendo 'erogazione il pid
orizzontalmente possibile.,

Sulla fusoliera dell’aeromobile, il hiquido deve sempre essere erogato a pioggia, per
evitare colature sugh obld ¢ sui vetri della cabina di pilotaggio. I liquido a lungo
andare potrebbe corrodere le guarmizioni dei wvetri con grawvi ripercussion: sulla
pressurizzazione dell’aeromobile.
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DE ICING MANUAL

ATTENZIONE: bisogna evitare di erogare il liquido nel motori, nell'uscita APU,
nelle prese d'aria ed in tutth quegli interstizi (ad esempio attaceo dei flaps e del
rmone, in tubi pitot & sonde) nei quali il hguidoe depositandos: potrebbe

gomprometterne la funzione. E' necessanio evitare di erogare il higuido sul “naso™
dell acromohile, perché durante 1l decollo verrebbe spinto su vetn della cabima di
pilotaggio, con conseguente riduzione della visibihta.

5.3, MODALITA® DI EROGAZIONE

Per un comeito  trattamento  de-icing, bisogpa  iniziare dalla  parte  sinistra |
dell’aeromobile posizionandosi con 1l mezzo posteriormente all’ala, mmziando
dall'estremita della stessa sino al congiungimento con la fusoliera, erogano il liquide |
de-icing a pioggia coprendo con lerogazione prima la parte anteriore e poi la |
posteriore. E necessario ricordarsi che per gli aeromobili con Mala “alta” (tipe
ATR42, BAL46, F27, ecc.), quando si eroga il de-icing, bisogna trattare anche la
parte sopra la carlinga, ossia dove si congiungono le due ali.

Pud venir richiesto anche il trattamente de-icing softo le ah; in questo caso, bisogna
abbassarsi completamente  con il braccio del cestello  ed iniziare il rattamento
de-icing, facendo attenzione a coprire con |'erogazione Mintera superficie dell’ala
soprattutto la parte congiungimento con la fusoliera.

Successivamente s1 passa al plam di coda. Posizmonarsi con 1]l mezzo de-icing
posteriormente ¢ parallelamente ai piani di coda. Cosi facendo, si pud iniziare
I"'erogazione dall’estrermitd del piano di coda di simistra, terminando 1Mestremita di
quello di destra.

Per quanto riguarda 1’erogazione, 1 piani di coda vanno trattati con particolare cautela
a causa del differente materiale di costruzone rispetto alle ali,

Terminati | piam di coda, si passa a trattare ["ala di destra dell’aeromobile;
posizionarsi con il mezzo de-icing frontalmente all’ala ed inizare il trattamento come
per 1"ala di simistra.

Per quanto riguarda 1l trattamento de-icing della carlinga, bisogna miziare gualche
metro prima della porta dell’aeromobile verso le ali e proseguire sino alla fine dello
stesso. La carlinga va trattata prima delle ali.

se nchiesto, 1] trattamento de-icing pud niguardare anche le eliche, in questo caso,
erogare 1l de-icing dall’alto verso 1l basso, posizionandosi con il cestello sopra elica
stessa per evitare che il iquido all'interno del motore.

5.4, CONTROLLI FINALI PRIMA DELLA PARTENZA

Messun acreo pud considerars: pronto alla partenza in condizioni di ghiaccio o dopo
aver effettuato defanti-icing, senza aver pnma ricevute un controllo finale da una
persona responsabile e autorizzala.  (0missis)
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SAGAT |  SNEVAMENTO - SGHIACCIAMENTO

ﬁ OPERAZIONI ANTIGHIACCIO
g namroEr SNOWING - ANTI- DEICING OPERATIONS

KILES0ST ABC — 8
LIQUIDO: - N | 3,2
oy TYPE 11 &

ATTREZZATURA: DI10SAFEAERO N.1
EQUTPMENT:

COMPAGHNLA DATA
AIRLINE KL DATE Mlélelzle]2]

N*¥0OLO SIGLA AM
rucernomser LKL [ATET3TE] recsans [PIN [RIZ [H]

INIZIO OPER AZIONI FINE
START OPERATIONS EH " EN. n [IE

MISCELA:

MIXTURE: BEERE

QUANTITA LIQUIDO PURO EROGATO DA ADDEBITARE
QUANTITY OF SPRAIED PURE LIQUID TO 5E DEBITED 443

L' OPERATORE SAGAT IL. SUPERVISORE SAGAT
SAGAT OPERATOR SAGAT SUPERVISOR

L' OPERAZIONE E' STATA EFFETTUATA SU RICHIESTA/ISTRUZIONE E
RESPONSABILITA' DELLA COMPAGNIA AEREA, ANCHE IN RELAZIONE ALLA

MISCELA USATA ED ALLA QUANTITA' DI LIQUIDO EROGATA.
TREATMENT HAS BEEN SUPPLIED ON REQUESTINSTRUCTIONS AND CONTROL OF THE AIRLINE,
MIXTURE AND QUANTITY OF SFRAYED FLUTD INCLUDED.

IL TECNICO RESPONSARBILE DEL VOLO O IL COMANDANTE
ASSIGNED GROLIND ENGINEER OR CAPTAIN IN COMMAND

. E———

COPIA FATTURAZIN Tip, Stanmgan Toro - Mo,
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Fokker Services B.V.
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Fokker Services B.V.
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STORIS

Fokker Services B.V.
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STORIK"

Fokker Services B.V.
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STORIS* Fokker Services B.V.
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ENAY Spd CAVTORINO

B i i i e ot T
3 :wﬂﬂ;,. -'-l_bl_ | # .._. -...:_:
e

o S
AR

U6, 10" 20"
KLM - KLM 1636 request start up,

TWR - KLMI636 stand by your slot just expired we are going 1o request an extention to the
flow menagement to Milano .

KLM - Ok thank you very much KLM 1636

06,1720

KLM -ELM1636, do you have any iden Sir.how muoch long it will be 7

TWR - 1636, just now a new SLOT for you, 407 (four =sero), time check 17 start up
approuved according lo your new SOLT just send a ready message im waiting
for an improvement, meniior on this frequence.

KLM - Ok start up is approuved slot 40 stand by KLM1636

06,25°50°
KILM - KLMI1636 request taxy
TWR - KLM1636 taxy holding point rwy36, reporl ready to copy A.T.C.

KLM - Holding peint 56 KLM1636

Mﬁ‘fﬂ!!
KLM - KLM1636 reday 1o copy

TWR - 1636 cleared w AMSTERDAM via SIRLO 5A MATOG M, climb initiatly FL 120
squawk 0406

KLM - SIRLEY SA departure , MATOG 7M. FLI20 squawk (0406 KLM1636

TWR - KLM1636 clearence comcet report ready
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06,2840
KLM - ki 1636 approsching holding point 36 ready for departure.
TWR - KLMI1636 line up and wait RWY36
KLM = Line up and wait 36 KLMIG636
06,33°00°
TWR - KLM 1636 cleared [or take off 36, wind ealm

KLM - Cleared [or leke off 36 KLMIA36

06,34718""

TWR - KLM 1636 Toting

KLM - PAN PAN - PAN PAN - PAN PAN we have an engine fuilure steearing on the right
selting on.. .. to track 110

TWR - Contact 129,27
K1.M - We stay on this frequency klm 1636 7
TWR - Negative , 12027
KLM - 12927 kim| 634
06,3624
RDR - KLM1636 Toring RDR
KLM - Stand by KT MIG36
06.36°58"

KILM - E;;;IJIJ&M we had en engine fallure we continue to G000 and we join the bold gver

RDR - Reger , do you need RADAR assistance for come back in field?

KLM - We wanl w come back to Torino

row
I\-

RDR - KLM 1636 you are under RDR control, tum right heading 180 vectoring for final 36.

KLM - Tirst we like to continue o the SIRT.O holding 10 give some time to prepare for

the retum to Toring ,f*ju 4% ",i
_J'\-_ Eer
o
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RDH - Roger , call me back when you wanl come back.
KLM - | call you hack when we are in the SIRLO holding KLM14634
e 40°40™
KLM - MAY DAY MAY DAY, MAY DAY KLMI636 prescutly holding and we when will
rectay, we would like to retum to Torine and we would like emergency services
standing by Sir.
RDR - KLM1636 Toring you are under RDR control tum fdghi heading 240 vectoring for
the appraach 36
KLM - Girates , we like o ocmain in the hold this states and when we are ready , will call vou
RBK - Boper
06,50°10**
KLM - KLM16346 request RDR vectors for ILS approach 16

TWR - KLM 1636 continue right tom, heading 230 vectoring 115 approach 36, repord
if ablde right turn or kefi tum .

KLM - Siecring on the right heading 230 KLM14635
06,51"02*

RDR - KLM 1636 have you got meteo information 7

KLM - Mo can you give us last meteo information

RDR - Rwy in use 36 wind 040°3kis, visibility 6km, moderate main SCT 5000 OVC 18000

TTol TDR) QFE 990

KLM - The QKII?

BRI - QMNIT 10323, report ready o start descend.

KLM - QNH 1023 and we are ready to start descend.

RDR - KIM 1636 desoend 40001 on QNH 1023,

KLM - Deagend 40008 on QNH 1023 KLM1636
06,52°28"

BRI - ELMI636 yboul 28MM o run o the field , yvour pesitdon is 16 N zouth est
of the field .
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KLM = Copied KLMI1636
06.54'30""
RDR - KI.M 1636 Torino tum right 270 for base.
KLM - Right 270 For base KLM 1636
06,5605
RDR - KLM 1636 tum right heading 320

KLM - Right heading 320 KLM1636

06,56° 20
KLM - We are clesred (o the approach KT MI16367
RDR - KLM1636 cominue right tum on heading 330, cleared to intercept 115 , veport on the
L
KLM - Heading 330 and ¢learcd ILS KLMI636,

06,57"32"
RDR - KLM 1636 alcared lor the approach 10NM from touch down report 0.M.

KLM - Report (.M. 1635

mfm'.-“_“ﬂ
KLM - 1636 O.M.
RDR - KTM 1636 clesred to land wind 050" 3 knois

KLM - Cleared 10 land 36 KLMI636
07,0219

RDR - KLM 1636 on the ground 02 10 the left to vocate the rwy | report emergeney terminsted

KLM - To the left to vacate KLM1636

07.04°12"
RDR - KIM1636 switch with the TWR 18,5 good by

KLM - 1155 thank vou | 6346, Ors
(ﬂ-rl: ,I-r' :. I_n- H""'\-::'_n.r_ -lI
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07,04°32"

KLM - TWR buon gioro KLM1636 just vacated 36 we like to stand for a wile to compleie all
the procedurs |

TWR - Roger do you need any kind of assistence?
KILM - No for the moment no thank you KLMIG636
TWHR - Roger call me back when ready to procede with your taxy.
KLM - Copied KLM 1636,
07,09*52%"
KLM - TWR KLM1636.

TWR - Go ahesd Sir.

KLM - 1636 we are ready to taxy and if it"s possible we would like assistence w follow us the
fire equipment it's Mine

TWR - Rojger, continne vour taxy on your left and the follow me is coming and

fire. .....(incomprensihilc), .. Lo the parking arca.
KLM - Roger KLM1636

07.244"
TWR - KT.M16536 Torino
07,24°53™
TWR - KLM1636 Torino
KLM - No replay

67,35"0 - Fine cmergenza
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Photo 1

RH Engine.

Photo 2

LH Engine.
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Photo 3

RH Engine debris.
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Enclosure “27 to the Doc. Ref, 02 /290
DECLARATION

SUBJECT: FLIGHT KL 1663 EMERGENCY
COLLECTION OF DETRITUS

The wniter , on duty for the Service of Airport air-side
conditions control from 06.00 to 14.00 L.T. of the day february 16, 2002,
declares that:

- After the emergency landing of KLM flight, charged by local Aviation Authority
Office | Civil Aviation Direction-Traffic Control Office], he went on the runway
in order to collect eventual object/detritus connected to the failure of KLM ajc
and in order to clean the runway surface

-  During the job he found on runway 36, east side in respect of center line,
between taxi way connection “D" and “C7, several metallic detritus seemingly
referable to a,/c and several ice patches

- He collected metallic pieces and he didn't collect ice pieces, because not being
a specified target of the search

= lce pieces appeared like glass, clear and compact presenting different front
dimension and similar thickness of about 10 mm; the biggest front dimensions
were 10 cm x 10 cm with irregular border

MNote

The presence of ice patches wasn’t immediately put in evidence being not the
primary target for which he had been charged.

After successive meditation , he advised his service responsible

who requested a written declaration in order to specify events ana circumstances
referred to ice pieces.

Upon my honour

Caselle Torinese, february 20, 2002
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APPENDIX 1
JTAR-OPS | selecied regquirements

ACHAMOCNAEM C — Operator Certification atd Supervision
LIEM DPS 1175 the management organisation of an AQC holder

A Frorneionr crnd praarprose

LI The safe combucl of air operations is ochieved by an operafor and an Authority
working in harmony fowards @ common aim. The functions of the two bodies are
differens, well defined, but complemeniary. In essence, the operaior complies with
the standards sef through peditimg in place a sowmd aned compeient managemend
structure. The Awthority working within a _framework of law (statntes), seix and
mosnitory the stanoardy expected from operafors.

2 fesponsibilites of Marmagenent

37 The vasponsthilities of managessent relotad o JAR-OPS Part | should fnclde of
feast the folfowing five main fumclions:

[+ 1 Dirternnination of the operator 's flight safety policy
& Atlpoation of resporsibilities amd duites and fssuing Insructions fo indi Waealy,

suffictent for tmplementation of company policy and the mainteramce of safety
slerlardy

(= AManidoring of et safery viandardy

d Recording and analysis of any deviations from company standards and ensuring
corrective aatlon

(1A Evalwating the safety record of the company in order to avoid the development
of undestrabie frends

JAR-OFS 1.175 seel. 1 Jhe Operaior musi cerrify the Autforily that:

=[5 organisaiion and management are swliable and propeely matched o the seole
ard seape of the aperation; and

= Procedures for the supervision of operations fove been defined

- The operalor st howe pominated an occourioble monager accepiohle o the
Authority who has corporate authority for ensmring thar all operations and
matmleranee aofivifies con be flaorevd ored carvied oud b e starderd reuiired by
the Authority

= he operator must hove mominaled post kolders, acceplable to e Awlfority, who
are responsible for mamagement and supervision of the following arcas:

Flipht Cperations

The mamtenance system
Crew irciniing

Crrond Opevationg

A ko
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In Appendix 2 to JAR-OPS 1.175, conccrning The management and organisation af an
AOC holder:

(il An operator confracting other organisation fo provide ceviain services, refaing
responsibility for the maintenance of proper sandords, Tn such circumstances, a nominatod
posi holder mxl be given the lowk of ensuring that wry comractor emploved mests
requirements slandards.

According to JAR-OPS 1.035 an operator shall establish one Quality System and designate
onc Quality Manager to monitor compliance with, and (he adequacy of, procedures required
to ensure safe operational practises and airworthy aeroplanes. Compliance monitoring must
mclude & [eed-back system 0 the Accountable Manzger to ensure comective action as

NECesSry.

At 1,035 section 2 paragraph 5.1 “Sub-Comfractors ", operators may decide fo sub-contract
ol certan aotivities to externiad agencies for the provisions of services relared o areay such

Gnmmj' Ne-icing/Anti-icing.

=r R ep

Al par. 5.1.2 it is alzo reporied that “The witimaie responsibility for the product or service

Prﬂwdrd.ﬁ}lthe mb—-mnbm:'i'ﬂrafwayﬁ remaing with ha WW—MM
; ub-contracior clearly defining the safety related

mnmas mﬂqmu'ny m he ;rnwded '. wﬁ-cwn‘rm'ﬁ:r " safety m&m:fmmdues relever!
dor the agreement showld be included m the operator 's (aality Assurance Progromme.

AMC OPS 1890 (a)
Maimtenarice Regpansibifity

3 o I.aéﬂ aperatar should estoblish adequate co-ordination between flight operations and
prairdenanee fo ensure thai Both will receive all iformaion on the condition of the aiveralt
necessary o enahle both to perform leir fasks.

AMC OPS 1850 (a) (1)

Maintenarce Responsibiliiy

! With regard to the pre-flight mspection it is imtended to mean all of the actions
necessary fo ensure that the acroplane is fit o make the iniended Tight. This
ahiniled g-pimﬂ}-' imclude but ave not necessarily fimited to:

IEM OPS 1.890 (aX1)
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Soe JAR-OPS 1.8900)( 1}

the foci thet the performance of pre flight inpections is an Operalor's mainienance
responisibility does mot mecessarily wmeans thal swch persenmel performing pre-flight
imspection lasks repart to the Nominated FPoste Holder for Malmienance, bt that ihe
Newinaled postholder for Maimtenaney s resporsible for determining the content of the pre
fight Inspection and setiing the gualification standard of the imolved persomel I
endedition, compliance with the qualification standard should be monitored by the Operaior's
Cluality System,

AMC OPS 1.900
Chuality Sysiem
See JAR-OFY 1.900

2 ihe feedback part of the system shouwld address whe is required to rectify
dizcrepancies and mor compliaice in each particelar case ared the procedure o
be followed §f rectification s not completed within appropriare fSimescafes. The

procedure should lead o the Accountable Manager specified in JAR-OFS
LA 75T

TEM OPS 1.900

Chearlity System

See JAR-CPS 1.900

The primary purpase of the Quality System i3 o moniior complionce with the approved
procedhres specified tn an Oporalor s Mainfemance Management Fxpogition 1o ensure
coanprlicmice with Subpart M and ihereby ensure the maimiemance aspects of the operational
safery of e acroplanes, Tn pardicalar, this part of the (uality System provides a mosiior of
ihe gffectiveness of maimerance, reference JAR-OPS 1890, and shonld include o feedhack
system io enswre that ihe corrective actions are boh identified and carvied owr in g fimely

(ERCEFTMET

According JAR-OPS 1.037 an aperator shall establish an accidemt prevention and [Tigh
safely programme, which may be imfegrated with ihe Ouwality system, tcluding:

= FProgrammes fo achivve and mamtain risk awaremess by all persons fmwhed in
(IFREFCTIIRER, ditl

= An accurvence reporiing schemse o encble the collmion and assesvment of relevant
incident and accident reports in order to identify adverse tremds orF fo address
deficiencies in the interesis of flight safely. The scheme shall protect the identity of
the reporter and inchude the possibility that reports may be submitied anonymousty;
el

- Evalwation of relevent mformation relating to incidemts ond acciderts and the
promulgarion of related informaiion, b wof the attribution of blome; and

- The appointmeni of o person aocowmiable for managing the programme
- Propousaly for corrective action resulting from the accident prevension and flight

safery programme shall be the responsibility of ihe person accountable for
managing the programme.

ANSYV FINAL REPORT - N. 1/2/04 113



Appendix I

= The effectivencss of ohonges reswlting from proposeds for correciive  action
identified by the accident and fTight safety programme shall be monticored By the

Chuality Marnager.
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SECTION

Appendix I

JAR-OPS 1 Subpart C

SUEPART C — DPERATOR CERTIFICATION AMD SUPERVISION

JAR-OPS 11758 Genaral rulee for Alr
5 Oparatar Certification

Halw |; Appeodo 1 o dhis parsgraph specalley the paassn
wred comdini ens of die ADC,

Woa I Appondiz 2 By chis pamgraph  specifies  he
IR 2RO BEA DTERELIATH FE IS AL

(af  An aperasor shall not operate an asroplans
for tha pumpoes of commeroisl alr trensportution
otherwise than under, and in accondancs with, ths
terms and condithoms of 88 Al Operator Cectificats
(ADCY,

() Ao applicas for an ADC, or vemistion af en
AOC, chall allow the Auchoriey ro examlne ail safety

arpects af the propased opsration,
(e} Anapplicant for en ADC must

(1) Mot hold an AQC ierosd by ssother
Autbarity usdess specifically agproved by the
Autborities cosseraed,

(2) Have his privcipsl place of beasimess
and, if asy, his registered office located | the
State responsible for isring the ACGCS (See TEM
OFS LI73cH2

(3} Hawe rogisicred the asraplanes which
are o be oprrated under the AUC in the Swite
reaponsible for issuing the ADKC; axd

(4) Sarisfy the Authoricy that be l3 sbie w
condiect §3fe operations,

() Motwitherasding  sub-paragraph  (e)(3)
sbuve, a0 operalor may oporate, with the momeal
agreement of the Aothority sowing tee ADC asd
enother Auwthogdty, soieplancs regisicred on the
natlemal reglster of the second-named Authority.

(#]  An oporaker shall gram che Authadty seces
o iz organication and seroplanec amd shall ensuee
that, with respect & sainterance, SooeL 18 prased
v uny oesessiated  JAR-145 mabmienance
ofgenlsaton. 1o dettrmine comtioued compliance
with JAR--OPS,

Ao AQC will be warled, suspemded o
revoked if e Authorily i no lomger satisfed Uhat
tha aparstor an muinksin safe operations.

(g} The opersor must | | [satisfiy the Authoricy

1) Its organisation aod manageosent aic
subinble and property msiched to the scale o
seope of the operatien; and

(2] TProcedures for the sopervigion of

' oporations have been defimed |

by The opersior must bave mominsicd am
accouncable mamager acotplable B0 the Autbority

Amendmant 3

115

JAR-0PS 1,1 TSR (eontinesd)
who bhag corponate muthorlly for cosuring that afl
operations  aml minlewance aclvilies cem  be
finafiead and carriad out to the stamdard required by

the Authority. j{5ee ACI OPS 1035
—

(i} The operator musi hawe nominsted post
bolders, ecoepiuble to the Authodly, whe are
respemsible [for the masagenent aad superiaan of
the following areas.)

(1}  Flight operatians:

(2) The meinbesance system;

(3)  Crew traluing and

(4} Cround opesatioos.
[(See ACT OPS 1.175i0)1)

& Period may hobd more than one of the
mominuied poats F scceptibile to the Anthority bt
lier upersiors who emoploy 21 ar more fudl tume staff,
o miniEmum of lwo persons ere requined to coves the
fonr areas of respoasibility, (Ses ACY OPS 1.1 7T5j)
& (k)

(k) For operators who employ 20 or kss full
time staff; one cr more of the nominated posis mey
b filled by the accommiahle manager if aceeptakle
the Autsority, (See ACTOFS 11750 & (k)01

BN The opsecites o endurd thinl cvory flight is
conduced in accordance with the prowisions of the
Operations Manual.

ienj] The operater musk afeshge  sppiopeiste
ground Basedling facitities to ensure the cafe handliag
of fis Mighis,

o}l The opecalor musi sosurs that its seroplancs
are equipped and its crews ace qualified, a9 requdred
for this anea and type: of opanation

o} The epesator must comply with the
manisnance requinsments, in  accordance with
Subpart b, for all seroplanes opereied wnder the
semas of s AQLC,

Iip}l The operator mus provide the Auvtbarity
with A copy of the Operations Manual, = specified
in Subgart F* and all amsendments or revishons w1,

ligl The sperster must esintain aperaticoal
suppirt  fecilitles 2t che maln operating s,
appreariuie for the dcca end type of oporation

[, 1, 000,59 Amdr. 3, 00.1.2.00]

M.1240



Appendix I

SECTION 1 JAR-OPS 1 Subpart M
SUBPART M — AERDPLANE MAINTENAMCE

JAR-OPS 1878 Ganaral JAR-OPFE 1.850  Malniansnca responalbliiny

(See [EM OFS 1.875)
{3} Anmoperaior shall engure the sirworthiness
(4) An operator shall ool operabe  an af the aeroplane and the esrvicsability of both
acroplnme unless it is malotdeed and released w operaticnal ané cmeTgoney equipment by (Ses
service by am nrp.ndndn Kppropriately AME OPS 1.8900a)k
approvediaeeepied i accordence witk JAR—|45 (1} The a lish of pecllight

except  tlat  pre-flight  mepectioes need not ! ]
necessarily be caried oul by the JAR-145 Cipeitio (Be0 AIC OPS 13 {a)1)k
arganigatica, (2} The rectification to am appreved

i Sl , stadard of eny defect and damage affecting
'_ﬂ':l This 4 prescribes  aeropiane safe opersibon, taking ino  scoount  the
w:mqmltl u.:llzaﬂ.l!n cuu?-l'r'lﬂm ik aeyul Yot -amd i
msml e certification requiremenis in JAR- deviaicn tisi 'Iliﬂil.ill.lﬂ.n fior the lﬂﬂlil: "'ILI"WM"
T [(See AMC OFS 159002 )2));]

(¥ The accompllahmest of all
maintenunce ln acvordins: with the approved

L e OpErALar’s asroplame moinlenince programme

The following definitions from JAR-145 shall Izpecified i JAR-OPS L1910 {See AMC OPS
apply o fBis Subnart 1.8%0a)(3))5]

(8) Preflight fmspec@ion - means the ) 'llhl-ldpi- of the effectivenses of
inspestion carmied ul before flight to endume ket the epsreior's approved acroplans maindonardce
the seroplase is fit for the Intendsd Mighl. 11 doex programmes { See AMC OPS 1 85O(a)4));
rot imcinde defiet rectification. i3 Th: aEoEp Eﬂmn:_ uf amy

dbl  Approved flanderd — means a wano- w dareciive, "T"m“ ﬂlm
facturing/designémainienance/quality  srandard iy olser contimued  mireorikiness
apptowed by Lhe Autharity, mequirement made mandalory by the Authosity,

Usitil Farmal adepton of TAR-3% the operaton

() dApproved by dhe dwchority — noans muxi comply with the comesi nazional aviation
mpproved hr_lhlll-u Awthoriy  ditectly o s [repalutions [Sez [EM OFS LAPO{AKS I and]
Authority, e ke (&} The we oanpl ivhoment af

modifleations o socordinse with an approved

etanderd and, for nof-rmsndatory modificstions,

51885 Appl ot iad l thi eslablishment of an embodiment policy.
. appre AMIC OFPS 1. 1

SAR-OF nl'l':"h. . (Sen L T LT TR

maintenance wyatem ) A operstor shall comare that the

Certificate of Alrworihlzess for esch seroplane
(=} For the approval of the maistesance il il
syslem, en applicant for the indtial i8gue, variakon VNG I et oL

pnd rencwal of am ADC chall wabmit the (I} The reqwirements in sub-paragraph
documents specified in JAE-OPS |, 1BS(b), (Ses u) above;
IEM OPS 1.B85{a).)

(2} Any calsmdar szpiry dale gpocified
{ll:.: An  applicand for the imitlal issue, im the Ceariiflenos; ad

varialon aed rencwal of an ADC who mests ike .

requirsments of this Subpart, J& corjunclion wilk BY_ Ay athi bt s

an  appropriate  JAR-143  approved'scceptnd specifled in the Certilicaie,

maintememce ofganisation’ s exposition, is entifled ! :

i approval of the mainenance system by the te) Tﬁﬂ“rm“ f-!:ﬂﬁd e sub-
Authocily. (See TEM OPS 1.385(h).) UEAgTaEh performed i

scordanc: with proccdures accepiabde o the
Bl Dotsild requircmsrss s gives  in JAR-GIPS Autherity,
LSO uk T ) maad 0. B0y, mnd B -0 0,0 05

Amandmon: 2 1= 01.07.00
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SECTION 2 JAR-0PS 1 Subpart ©

ACHAMCIEMN C — OPERATOR CERTIFICATION & SUPERVISION

IEM OFS 1.1TH
Thoe managemsnt srganisatlen of en AOC helder
Sas JAR-DPS 1.175ig)-(o)

1 Function urd Puspose

1.4 Thes safe condud of air opanations |3 wochioved by sn coamior end Bn Authornity working In BEmmony
Vweands @ commen aim. The funciona of the two bodies ane dfferent, wall defiaed, bat complsmantary. in
waganee, the operatyr comples with tha siandards 3ai thrugh petling in placs a soisnd and compabant
managamant sructurs, Tha Authorty working within & framework of |ow (Sabnes). sets and monlons e
standards expnoiod from oporatons,

2 Rasponsibilities of Managomant

2.4 Tha responalbliiias of managament ralabed ta JAR-OPS Part 1 should Inluds ot least the following
Bea main funclions:

|, Crataareingtion of the cparalor's Mgk safaty palicy;

k. Alle=sfian of reppontiBliles and dutes and lssuing Insfructons %o Individuals, suficlent for
implamartalion of company palicy and te malntenancs of safly slandands

L bonitaring of Mght safaty sarcands;
d. Fimcording and analysls of any deviabens frem company standands and eneuring corective aton;
#, Evalunling e sofely reccrd of the compamy (n ardar o mesld e dewlopenent of undasiralle

trands.
IEM OFE 1.178(cHZ)
Principal place of buslness

Sas JAR-OPFS 1.1TS[e}2)
1 SRRORE 1 1TBE)i2) regenes an sporeler o have Wa princpe pace of Busines lacaked In e
Simte responsibie for issuing e 400G,

4 In crder to erswure proper jurisdiction by ihard Stabe cver the oparaice, tha beem ‘primcipal placa of
business' g infemreded a8 meaning tha Stale In which the acministrative headquartans and tha oparators
Nrancis|, cparatonal snd malntenance management are based.

€% 1, 0083 9E|

[AG OFS 1.4T6{l)

Hominatod Postholders - Competence

Ses JAR-OPS 1.175{1)

1. Ganerl. Morinaied Postholdery sbould, in the normal wey, ba expacied 1o safishy the Suthonily Tt
ihiry possass the sppropdals sparianon ard llansing Faquirsmaents which am llsted In paragraphs 2 o &
Ealera, IR particular cases, snd evcaptionally, the Authority mary accept & noménation which does rot meel the
requiraments in full bat, in this droumstance, Uw romines should be able 1o demonatrute sxpedance which
b Aulborty w8 accept as being comparable and also the akillty o parform effectively tho funciions
maaocioled with [ha poal snd wilh e scals of the sparaiian.

x Mominabed postholders should hanva:

21 Preccticsd unperience and enpertize in the appication ol avieticn safaly siandards ard sale oparsting
Fraciices;

iy Comprahernsdo knowladge ol
[\ SAR-OPE gl ory dssocsatod requiremmonts and prooodures;
k. T ACC holder's Operations Specilicaiions: |

l Amandment 3 2451 VAR ER
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JAR-OPS 1 Subpart C SECTION 2

H ACJ DPS 11750} {contruad)

[ Tha nesd for, and contaent of, the relevant parts of the AQS holder's Operetans Manual:
2%  Familiary with Quality Syaiems;
24 Appropriale managamant axpaiancs in e comperabls arganisation; and

2.5 Five yaars malavant work experdenoe of which af lpast two years should ba from e aeronaliical
imd ngtny |n an approprisls poation,

a Flight Oparabians. The nominated posthalder of hlg daputy should hoid a valid Flight Craw Licence
appeeoriaba to the fype of cparstion conductad under the AQC in accordance with the folowing:

LR I'Il:l-j:l:rl:bﬂiﬂnw“mﬁn-dhrdmirinmmuliplhﬁ-ﬂhﬁﬁrpﬁ.mt
Pliol's Lzenca |ssued of validatsd by a JAA Member Stale:

Al Il the &OC Is limded fo acroplanes carificaled for & minimum ohew of 1 plled - & Commansal Pile's

Lissnca, ard If appropriate lo the cperation, an (rstrument Reting Beusd or valldsied by a JaA Mambor
Staba.

4, Kaintenance Eystam. The nominatad postholder shouid possess e folowing:

d.1 Relavant enginaadng doegrea, o mincaf malntthoance lechnician with addifioral edusetian
accaptable o the Authcrily. ‘Relsmnt sng'nessring degres’ means an anghnsaring dagree from Asraraifionl,
Mechonical, Elscirical, Elsctronic, Aviaric or olhar sheEss rolovant @ tha maintananss of sireraflaircral

companents.

42 Thosough famillanty with the organiaation's Mslperance Mena gement Expastian
4.3 Enowindge of the relavant hpals) of almraft,

dd Enowisdga of malrfanance mathods.

& Corew Tradning. The nominetad poetholdsr aor hls depaty aheuld be a8 crent Typs Rating Inatrector
Of @ type/class oparaied undar the ADC,
5.1 The meminated Posthalde: shaud have 3 thoroegh knosedgs of the AOC hobder's craw Leaining

tmeapd for Flight Crew and for Cabin Crew when relevand,

E. Ground Oparathons. The nominsied postholder shoulkd have 8 thoough nowledge of he ADC
heldar's ground cperatione concapt.

[Amde. 3, 201241

R S

[AG) QFE 1,175{)
Cambinstlon of nominated pasthaldar's s ponsibilliles

San JAR-OPSE 1.1TH])

1 Tha acceptabdlity of @ singla parson holding severad posts, poasibly in combination with being the
ateounbable mansger A vall, will depend upon the returs and seale of the aperation. The e main arnoas of
concam ana compotoncg ond en indlvidusl's cepacity Lo mest his respo nedbil s,

2. Ay regards Compatencs in e difesnt aress of respondibilily, thene shouid not be any diffgrence
ftrom ths raquiremants epplicablia to parsons holding only one posi.

a The capacity of &n mahvidual 4o mesl his responaibiilles will prlmardy ba dapandant upon the scale
af the operasion. Howower the comploxdty of the orgonisation or of the aparalion may prewent, er lmi,
0 cinalions of posts which may be accapiabls In oihar clroumstances,

& In most cirgumelonoes, the responsibdities of @ nominabed postholoer will rest with & singls
Inclividual, Howevar, In the aren of ground cpamtions, It may be acceplable for these rasponsibilitas o be
split, providod tal the responsibBiles of aach nciidunl concamed st clearly dallmd. |

011201 2c-2 Arrmeredmen 3
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JAR-OPS 1 Subpart M SECTION 2

IEM OPS 1,898{c)
Maintanance Managensant
Boe JAR-OPS 1.885(c)

This parsgraph only applias in coniracted malmsnance and thatafore doss not affoct altuations whars tha
JAR 148 approvadinccopted Drgardsation and $ie Operabor are the same orgaalsation,

[P, .01 07 .00]

ANC OPE 1.895{d)
Malntenance Managamant
Bog JAR-OPS 1.893d)

1 Whars an cparatar s mat aporoved 1o JAR-146 of an operator's malnbenanoe organizsticn s an
indeperderd organksation, & contract should be agresd betwwsn the operater and fin JAR-145 Approvad
Muiriormnce Organisebon Bt speciles, In dedsll, the werk to be parformed by the JAR-145 Apgroved
Malrdarance Qrganlaastian.

el Busth the specification of work and the assgrment of respossiziilles should be clear, unambiguous
it siiffcently detailed to ansura fhat no misrdarstanding skould arles betwsen e pariles concamed
[eperabsr, malrdarancs crjanisaion ard thi Awthosity) thad cold nesull in = silustion whees waork that has a

bearing on the airwarthiness or serviceability of alreralt [ aatar will mol be properly pedomed,

4 Spacal aRantisn should Be pald to praceduras and responsiblities to ensune that all malhtenence
work (s partormed, sarvice bulleting are anaysed and decisions taken an accomplishenent, Blrworinsas
dmﬂhﬂmmpﬂﬂmlhmﬂ“ﬂmlnmmﬂy“ﬂmhw“mr
approved dats ard ko the laiest standands.

i For the achial lay cart of the gontract the (ATA Standard Ground Handling Agresment jmay ba used
ge & basls, but this doss not preclude Bhe Authorly from easudag that the content of the contract ks
pcooplobia to theam, ard sspacially thal the comiract allows the Opsrsion to propedly exercise s malntanance
rasporsibdicy. Those pans of a conliecd Tot] have ne bearing on tha technical or cparatonal aspacts of
ainsorthingss are oubisde the scape of thin paragraph.

jamdL & 914708

|

AMC OPS 1.805s)
Malmienance Management
Sen JAR - OFS 1.80G(02)

1 In the coss of & Conliae] with an crganisstion thet i not JAR 148 approusdiaceasied, ths Ooersicds
Mairtenmnce Mansgament Exposlion should Includa epproprinte proceduras 80 ensure that all this
contruched malnlenance 2 Wimately performed on Smo by JAR 148 approvedésccepied crganisadona In
acoordance with data accoptoble 1o the Authosty, In pariiculsr the Guality Systerm procadunes shoild place
great emphasis on monitoring compllance with the sbove. The st of JAR 145 epprovediscospted

conlractars, of & rafarencs io this Hst, should be included In the Operators Maintenance Managemant
Exposition,

2 Such m maimananca Arrangament doss pot sheolve the Cperator from (s overall Mainlsnance
responsiclity. Spacifically, in ordes io accept e mainjienance arangemant, the Aushedly should be satisfled
that such an armengeenenl allows e Opemdor bo ensure full compllance with JAR-OPS 1,680 Munsnancy
Responaibiity.

lAmdt. 2, .07.08

1120 = Amandmant 3
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Appendix I/B

Appendix | bis
1. ORGANIZATIONAL AND MANAGEMENT INFORMATION

1.1. General

Since Decemnber 3" 20001 KLM Cityhopper BV, has been found competent by Civil Aviation
Authority Metherlands to conduct Comimercial Air Transport Operations amnd has satisfied the
Operator Certification requirements prescribed in JAR-OPS 1.

Naote: Some velevant part from JAR-OPS | vrequirements are quoted in Appendix 1.

1.2.  KLC general

The following nformation 15 based on and quoted our of the KLM Civhopper Basic
Operations Manual (BOM) and KLC quality manual which were valid at the time of the

incident.

The organizational Structure, related o JAR-OPS 1 requirements, is presented in the following
diagram, which gives descnption, subordination, and reporting lines, which pertain 1o the
safety of flight operations

A ninhbe g

Qadily Wadas |

L RIR TR RS TPy T ] |

MaskiEi Bibasd & gbinbasi MoEEd R P EEET O pE R CPETTTER FTLETTTE ST LT
i Haddn ' iFrak Heidar}

Treming W gmeger £ goopd
Cida

Triaimim o Eanager Gabie G em |
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1.3. Accountable Manager

The Managing [irector has been nominated as JAR-OPS 1 Accountable Manager. He/she has
the ulumate authority for ensuring that all eperations and mamlenance activities can be and are
carried out to the standard required by the Civil Aviation Authorities,

The Aceountable Manager has corporate responsibility regarding the Air Operator Certificate
{ADC). He'she shall maintain an adeguate organization including procedures applicable in case

of abzence of nominated Postholders,
1.4. Quality Manager

The purpese of KLC s Cuality system is to ensure that the management activities within KLC
result in safe and airworthy operation of all aircrafl, while complying with the requiremens of
JAR-OPS. An independent Quality Assurance ((JA) Manager is responsible for monitoring the
continued complionce of KLC with JAR-OPS requirements by performing an awdit program. In
case a non-conformance is ohserved, the OA Manager will ensure that remedial actions aimed
at ¢liminating the root cause of the non-conformance are defined. KLCs Basic Operations
Muanual {BOM) states that execution of the Quality policy, mcluding the incorporation of
requited remedial actions is definitely nod the sole responsibility of the QA Manager bt of the
complete management team of KLC,

The A& manager of KLC:

# reporis directly o the Managing Director of KLC who alse performs the function of JAR-
OPS Accountable Manager,

® has an independent position within KLC and has full access w all relevant activities and
informution regarding KLC and 11s subcontractors. On matters which have o relation with JAR-

OPS the OA Manager will be involved in the decizion making process,
To achieve the objectives a Cuality Assurance Program has been developed.

Thee O Manager:
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# cnsures  (hat remedial actions are taken by the respomsible managens) when non-

conformances with the requirements are ohserved;
* monitors JAR-OPS requirements and performs an audit program to assure conformity;

» conrdinates penodic hwson with the authorbies i order to keep the authonbies updated with

KLC™s situation with respect to the JAR-OPS requirements;

# iz ohliged 1o keep himself informed about the fumre developments in relation to JAR-OPS

regulations;

w will, with respect o the subcontracted activities, ensure that the QA reguirements are
correcily included in the contract, The QA manager will also audit the contractor to ensure

compliance with the contracted tasks and responsibilities;

# besides auditing, he/she also has the possibility o inspect. either within the company or the
subcontractor, 1o verify whether established procedures and (training) requirements are
followed and if necessary corrected;

= will in principle review all relevant subjects annual ly.

1.5. Flight Safety Manager

The Flight Safety Manager can report directly to the Accountable Manager.
The Flight Satety Manager:

. monitors and enhances flight safety within KLC;

. uses the Brivsh Adrwavs Safery Information System (BASIS) as o documenting and

classifving svstem for air safery reports and then uses this data 1o generate trend analysis;

. assigns risk classifications to all safety related incidents;

. represents KLC in incident and accident investigations initiated by the local authorities;
. conducts Safety Incident Investigations (situation 16™ March, 2002);

- provides safely information o management and operational sialT;

- has the authority to initiate safery incident investigations;

. advises the Accountable Manager and the Manager Flight Operations independently
and free of implications to his‘her position on flight safety related subjects;
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L will coordinate, in cooperation with the Manager Flight Operations, Chiel Pilots or
Technical Pilot representatives, the required operational and techmical follow-up.,

The Flight Safety Manager has direct access to all flight safety reports and has the
responsibility to identily potential safety related sswes, For instance, trends or specilic safety
threats should trigger the Flight Safety Manager to address the problem divectly io the manager
of flight operations.

Within KLC the Flight Safety Manager (FSM) can also report directly to the Accountable
Manager regarding light safery issues as hedshe is the head of an sutenemous department. The
F5M had regular meetings with the Accountable Manager but did not attend any management
meetings where other Postholders were present. The A Manager has no sanction possibilities,
amd therefore should have access 1o the Accountable Manager in the case when it is considered
that there has not been an adequate response to a problem by the Flight Safety Manager or the

Pasthaolders,

Maove: The Owality System iy completely independent of the flight safery program. The 04
Manager has divect acoess fo all BASIS flight safety incldens vepors and sibsegient follow-up,
The (4 Manager will periodically audit the [fight safety program.

1.6.  Manager Technical Department [Postholder|
The manager Technical Departrment has been nominated as JAR-OPS Postholder Maintenance.
The manager Technical Department has been delegated the following responsibilities:

] ensuring the maintenance and relevant equipment of the aircraft, engines and
components is according o the regulations of JAR-OPS1, JAR 145 and applicable local lows

and regulations;
= ensuring the availability of the regquired number of well gualified maintenance stalf,

J issyance, distribution and maintenance of KL Citvhopper’s Maintenance Management
Exposition (MME]).

Based on the above mentioned general responsibilities and the duties allocated to the Manager
Technical Department he shall:

. ensure that quality standands are developed o a level o comply with or exceed the

actual airworthiness requirements;
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. ensure that engimeening and maintenance 1% orzanised in agreement with the safety and
efficiency standard as required by KLC Citvhopper™s Management Team and JAR-OPS [;

" ensure that procedures are available for execution for all described tasks according o
thie MME;

" ensure that the maintenance of KLM Citvhopper’s aireraft is performed according with
the KLM Cilvhopper MME;

. ensure thatl the aireraf are equipped for the area and tvpe of eperation required;

. ensure thal the resources, materials and tools are available in suiTicient quantity and
guality.

The responsibility with regard to de-icing and anti-icing contractual arrangements was given o
the Postholder Ground Handling. The MME did not clearly specify any references to the de-
icing technical standards or procedures with regard to transfer of responzibilities,

Al the same time the Post-Holder Technical {(Maintenance) did not verify if the Post-Holder
Ground Handling was able to fulfil the technical aspects of the de/anti-icing operation.

1.7 Manager Flight Operations |Postholder]

The Manager Flight Operations has been nominated as JAR-OPS | Postholder Flight
Olperations and he'she reports directly to the Managing Director { Accountable Manager).

The Manager Flight Operations has the following staff reporting directly to himvher:
- Chiet Pilots.

- Traming Manager Cockpit Crew.

- Manager Cabin Staff.

- Flight Support Manager.

- Manager Flight Technical Department.

The Manager Flight Operations:

- i5 responsible o ensure safe and effcient conduct of all KLC Mights in accordance
with the regulations of JAR-OPS 1 and applicable local laws and regulations;
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. ensures the availability of the required number of well qualified cockpit and cabin
crew to perform the Mights;

» issues and distributes KLC Operation Manuals.,
Naote: Specifically in relation fo ground handling activities the following duty is deseribed
The Manager Flight Operations defines standards for the quality and comtents of flight

preparation and ground handling activities performed and the relevant trining requirements Tor
ground operations stafl involwed.

The Manager of Flight Operations stated that he had not Been informed about any threat 1o
safety regarding the de-icing/anti-icing contract in Turin. He had however seen the results of
the KLC internal de-icing audit of January 14™ 2002 which stated that there were no valid
contracts available for inspection after de-icing’ anti-icing services for Turin, It was published
in the company Regional Operation Manual [ROM] that Alitaha would inspect the de-
icing/anti=icing eperation performed by SAGAT,

It is al=o company policy that the Manager Flight Operations will inform the Dight planners in
relation to the current tuel tanking policics, He stated however, that it had become *custom” o
fuel the last flight of the day o Tunn with enough feel o return to Amsterdam the next

MOMing.

The Manager of Flight Operations was appointed to this positien on 7" November 2001, There
was a 2 month *hand over” peried duning which the new MFO worked directly alongside the
previous MFO. The newly appointed MEFO stated that he was not informed about any

outsanding safety iszues,

The previous Manager Flight Operations stated that every audit regarding de-icing had shown
short comings for a number of years. He described a certain company attitude of *bov crving
walf” to the quality manager’s repeated wamings about de-icing. He alse stated that the

contents of the ground handling contracts were not shared with him,

1.8 Manager Ground Operations |Postholder)

The Manager Ground Operations guards a safe and eflcient ground handling process Tor all
KLC flights in accordance with the JAR-OPS 1, applicable local laws and regulations,

The Manager Ground Operations:
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- will ensure that JAR-OPS 1 and local laws and regulations are adhered to in the
procedures and proposcd procedures through participation and representation of KLC at the
Aarline Operators Commitiees at Schiphol as well as the out stations o which KLC operates;

- i% responsible for negotiations and fnal KLC ground handling contracts al Schiphol as

well the out stations;
. issucs and distributes parts of the KLC Station Manual;
. is responsible for the training of KLC ground handling staff;

. has the authonty to hire, train and’or discharge ground operations personnel and o
contract ground handling activities outside the KL organization,

The groumnd handling manager produces confracts for de-icing based vpon specifications of
fluid types provided by the KLC technical department, and procedures provided by the aircraft

cerificate halder,

Thi contract is nol shown o any other managers within KLC unless there 15 a discrepancy such

as the de-icing ageni saving that it will not do the final inspection afier de-icing,

1.9 Sub-contractors to KLOC

When KLC is using sub-contractors, the responsibility for quality of the prodect or service
remains with KL, KLC and the sub-contractors shall have clearly defined writien agreemenis

stating the responsibilities, authorizations and quality standards.
KLC:

s will ensure that the sub-contractor has the neceszary authorization/approval, the resources
and compeience to underiake the task;

o will, if the contract activity excecds the sub-contractor’s authorization/approval,
ensure that the sub-contractor takes account of such additional requirements;

*  wuses the IATA Ground Handling Manual to define the setivities and responsibility of the
sub=coniractor,
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L10 KLC Audit Procedures

Betore the 1st of January each vear the (A Manager issues a QA Program, which gives an
overview of the scope and planned dates of all internal and extemal awdits, 1o be performed in

the coming year.

Results are documented in an audit repor. The minimum contents of a report include the

ohserved non-conformances as well as the conelusions resched.

For every mon-conformance the QA Mannger determines whether it is a non-complhiance with
clearly defined procedures or a pon-conformance in which the procedures/standards are not
sufficiently described or are outdated.

The audit analysis will indicate the direct'indirect impact of the non-conformance on safiety and
gquality. When this analysis shows that the non-conformance has o serious adverse effect. it

could be necessary to suspend the activity until compliance has been restored,
The analvsis shall indicate the origin or rool cause of the non-conformance.

Before the audit report 15 finalized, the Ondings are discussed with the Postholder who is
responsible for the audited process. In case of conflicting opinions, the ()A manager has the
final authority with respect to the approval of the audit report.

If considered necessary by the QA Manager, follow up audits are scheduled to ensure that the

required corrective actions have been taken and that they are effective,

It is the responsible manager’s sk o define and, in a suitable tme frame implement the

required corrective actions ina manner aceeptable to the {0 manager.

Any possible dispute arising from the required corrective action will, in the first instance, be
handled by the Accountable Manager,

If necessary, the QA Manager has direct access to the Accountable Manager, who holds the
final responsibility for setting priorities and allocating resources for performing the required

corrective actions.
The corrective action will be documented in & Corrective Action Report.

The A Manager shall verify incorporation of the comective action, as well as its
effectiveness. [F the action i1s unsabtisfsctory or inedequate a new comective action report will be

submmitied.
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The QA Manager bolds o record of all oumstanding corrective actions and will report the status
and progress periodically (at least quarterly) o the Accountable Manager,

KLC categorizes the findingsmon-conformity as follows:

» Level 10 Ttems directly affecting airworthiness, flight safety or non-compliance which

require immediate corrective action and o report to the O Manager within a presel period.

- Level 2: liems which affect the continuing approval of the organization and reguire
coarective action to the satistaction of the QA Manager/Auditor within a longer period than for
Level | but not more than approximately 60 days.

- Level 3: lems of a general nature included for completeness and information,
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&

De-Anti-icing Procedures Oulstalions

IRREGULARITIES AND ADDITIONAL INFORMATION

- 3

OUTE OPERATIONS MANUAL

am cityhopper
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Iﬂ.“ Gltyl'lﬂppﬁl" 2.5 ADVERSE WEATHER OPERATION
Aircratt Operations Manual FOkker 70 cot peren

4. DE<ANTEICING DEGISION FLOW CHART

MO ICING CONDITIONS (paragraph 1)

SC0
check MO ICE

underwing
area

ICE

chack upperwing | wn cE

araa for DEPARTURE
fuel induced ice

po— |
de-icing | check treatment | 0K
traatment | mnarmal ﬂmu

T HOT Ok - __-l_-

ICING CONDITIONS {paragraph 1)

GWLEHS l
fully sarvicaabls

mormal chack MO ICE !
tor ice + DEFARTURE |

tactile check

—

| IcE

——

deyanti-icing check treatment | OK
traatmant normial clsck

1 .
| MOT QK

EWLEHS LS

{recommendead normal check | o ice FART
with APU-air 0ot | oy jog FERELEIE
vailabie) tactile check

ICE

cherfant-icing
treatmeant

254 2 DEC 1998
Page & ssue 3

ANSYV FINAL REPORT - N. 1/2/04 130



Appendix L

wees | B2 GROUND HANDLING INSTRUCTIONS
KLmM cityhopper 824  Dedcing and Anti-icing on the Ground
Baslc Operations Manual
7.3 Hold-over Time Table for IS0 Type 2
WEATHER CONDITIONS Hold-over tims in
= _ e F___ F_ I -t houra:minutas
reazing reazing reezing an for givan anti-icing
Y Rl Fog Snewll | Drizzle | Rain® |soaked wings code
oy | Uaht/ 0 | 180 | 15D
e g Mo g o U Mot | g | | e | e |
" r 2100 | 275 | 2/50
. 1200 600 | 4:00 |
. 1:30 | 1:00 | 0:30
I~ ] - 0:35 | 0:25 | 0015
| " 0:55 | {40 | &5
Above O | 0:20 | 0:156 | 0:05
I 0 LI o 55 | 45 15
[ 0:30 | 0:20 | 0-:05
. 15 | 0:10 | O-05
* 0:40 | 0:26 | -
| * | 005|005 |
d ' | 800 | 5:00 | 300
. s el 1:30 | 1:00 | 0:30
o : eERS R 035 | 028 | 0116
. | o | oas | 030 | 0018
1haru e A T
* s RS 0:20 | 0:16 | 0:06
" . She RS 055 | 045 | D15
. . | D:30 D20 0:05
- - J o6 [ o:10 | 008
[+ T T  E00 | 500
. =1 1.05 055
Below : _ 1 L . {020 | 020
=3 i - 0:8% | 025
thru L] el 15 15
e . . [#0:45 1D 0:30
) v '_ @015 D 01S i
HE . S moaanf@o:i0]
Below |__° | s e e cona ] oo FREET
-14 . AL L
. Rl . 015 P
thru " SRl e I' -. it e 20 A o830 [T e
-25 Ol e : 0:15

i Fokkar 50: Take-oft MOT pesmitted in freazing rain condifions.
@ Fokker 50: For Bght freaecing drizzle apply hold-over time for moderate freezing drizzle,
0 Donot use below = 10°C,

Hold-over time: The estimated time an anti-kzing fluid will pravent frost, ice, snow or slush to form or
atoumulate on the protectad surieces of an aircraft under average waathar conditions.
Whan snow/ice sians 1o accwemulabe (Surface lurms white) the elactive hold-over time has
endsd, Given limes are maximam times!

CAUTION:  Heavy precipitation, hgh air modsture, high wind velocity and jel-blast may cause a degradation
of the profeclive fm; &5 a reswlt the hold-over time will be shorlened, The hold-aver time will
also ba shortenad when temperature of fuel in wing lanks is 10°C [or mave) IoWer than OAT,

B4 2 NOY 2000
Page & lsame &

ANSYV FINAL REPORT - N. 1/2/04 131



Appendix M

-_-1- r:uhzaﬁms
= SP 1513
KL cityhopper

[AFTEH £ = S e PO

ALL FOKKER 70 PILOTS ISR R
e i L e (i

CREWBULLETIN FOKKER 70

O -02 SPLUFNMTY

o bl Rt 22 febnuany H2
oize relerseios el (20-6493023
o i chik Q20-6257 140

Wil

DE- AND ANTI ICING
e i i FROCEDURES

On b 16 = KLC Fokkaer 70 susiained major damage 1o the RH engine and minor damage to the LH
engine ghorly after B-off. Invesligations by the authorities and by KLG are being perfonmesd,

Initiad indicaions are tharl we can nat rule out the possibllity of clear ice on the wings 1o be contributary to
this evant. \We would like 1o stress these are earky indicstions, and definitely nod the outcome of any of
Ihe: investigations, Since both engines suslained damage, the following measwes are in effect untll fha
investigations give us an indication of what happened,

1 The poelicy of lanking econcmical fuel as describad in AOM 3.2.21 will also be applicable on aircraft
poing on mightstop. (fo reduce the possibiity of clear ive formimng aller lamiing)

2  Significant deposils of cear ice can form, bn tha vicinity of the fuel Lnks, o0 Wing upper Ssurfaces as
wall as undar wing. Aircraft are most vuinerable to s type of build-up when:
s Wing lempersiures are below 0 °C {eg due {0 cold soaked fuel)
= Amilent temperatures are between -2 °C and +15°C
+  Precpitafion cccurs when the aircrafl is on the ground
*  lce or ice ridpes are present on lower surface of either wing

This type of ice formation is extremely difficult to detect Therefore, when the above condifions
prevail, or when tere is olherwise any indication that clear ice may be pregsent, & hands-on iLasclila)
check shall be performed of the upper wing area intluding The raling edge, between the fuselags
and 5 milr culboard of the fuselage. This tacfle check is required specifically to detect clear ice, and
must be performed even whare a deciskon has already been made 1o de-ice the arcrafi.

3 M elear e ls datectad, It shall be ramoved using hot flusd. After removal, the area shall be checkea

to ba free of clear ice with 2 hands-on (actile) check. Only after il has been confirmed the area 5
free of clear ice, he normal de- and anti-icing reatrmsnt of the enlire aircraflt ehall commendce,

C:hiaf PilotF-7i

Bl isl Copreape H
Faalian FRE] 11T L Lysliowen Srhiphod
P Bum FIOO 1710 F Bobwpladl Aape. Thi Mt ads s
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AGENZIA NAZIONALE PER LA SICUREZZA DEL VOLO

(istitmia con decrcto legisktive 23 fehbraio 1999, n, 66)
WVia A, Benigni, 53 - 00156 Roma - |alia
codice fiseale YG4 0280580
el +39 DeEMTI219-06A20THI00, fux +39 (G22I TIHTL

Prot, n.ﬂgglll‘l'l.fl-"qﬂ -3 5;0-1':

Raoma, 4. 2002

Al Presidente dell’ENAC
Iatr. Alfredo Roma

enc. Alla Divisione sicurceza volo
del"FNAC
Allne Com.te Silvang Imparato

(ggeito: inconveniente grave eccorso in data 1622002 sull’aeroportn di Torine Caszelle
all’weromohbile tips Fokker 70, marche PIFKZH - MESSAGGIO DI ALLERTA.

el mese di febbraio 2002 un aeromoebile Fokker 70, in partenza da uno scalo namonale, dopo aver
effettualo la procedura di sghiacciamento acromobile (die-onii jcg) in condizioni mecorologich
caratterizzate da clevata umiditd ¢ lemperatura esterna prossima allo zero, in decollo, dopo la
ronaziong (Fiff off, subiva un'avaria grave al molore destro ¢ danni al sinisue,

Nennstante investigayione toconica da parte di quests Agenzia sia tollora in corso, dalle prime
risullanze tecniche non si pud escluodere la possibilith che Ia causa principale dell’inconvenicnle
grave di eul all"oggetio sia rappresentata dal ghisceie vetrone (cfear jee) [ormatosi sul dorso delle
uli.

In considerazione dellanalogia fra I’evento consideratn e 'incidenle oceorso all®scromobile DO-5-
&1 SAS in decollo dall*aeropore Aranda di Swoccolma il 27 dicembre 1991, nonostante |a sagione
fredda stia volgendo al wrmine ed in sttesa della conclusione dell’inchiesta, si ritiene opportuna
invitare codeste Bnte a valutare PMopportunitd di richismare aglt operatori nazionali alouni aspetti
pperativi relativi alla fonmaedone di ghisccio vetrone sulle ali.

Formazioni sipnilicative di ghiaccio vetrone si possono creare sulla parte superiore delle ali, in
prossimiti dei serbatoi carburante, accompuynate da brina o ghiaccio oella corrispondento
suparficic inferiore dell®ala stessa,

1l fenmendo si manifesta af swolo, con maggiore probability, se sono presenti la seguenti condizioni:

- temperatura delle ali inferiore a 0°C {es. dovato alle hasse wmperature alle guali il carburante &
stato cspesto durante |a erocicra);

temperatura ambientale fra -2°C e +15°C;
- presenza & precipitazioni quali pioggia o neve durante la sosta dell’acromobile.
La presenza di ghiaccio vetrane & cstremamente difficile da identificare a vista,

S¢ si presentanc le condizioni sopra dette oppure si notano formazioni di ghiaceio ¢/ brina sulla
superficic inleriore dell’ala, si impene un controlle con mano (fectife check) da parte di persenale
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appusitamenie gualificato o del comandante responsabile del volo. [l controlle dovrd interessare la
parie superiore dell’ala, particolarmente in corrispondenza dei serhatoi alari.

Qualora venga risconteata ln presenza di ghisceio vetrone, easo doved essere nmoszo con fluido
caldo, Dopo "applicazione, "arca interessata dovrd essere controllata nuovaments a mano ¢ solo
dopo aver aceertalo che essa sin libera da ghisecio, il normale trattamento antighiaccio (ontd foe)
putrd esserc effettuato prendendo come riferimento per il caleolo della durata & “hold aver time”
I"orarioy dil inizio del rattamento ani ice.

L’ Apenzia resta a disposizione per ogni ulteriore inlonnazione e chiarimento.

i resta in attesa di ricevere un cortese cenne di risconteo in merito agli eventuali provvediment
intrapresi da codesio Ente,

I Presidente
{Prof. Bruno Franchi)

%
; —
Ak Jg
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Draft Fokker 70/100 All Operators Message

Dated: Seplember xx, 2002

Sequence Mo, AOQF100.yyy

Ref. No. TS02.5zrzz

Page 3

Subject: Fokker 70 — Engine damage during Take-Off, update #2
Introduction

Further 1o our previous All Operator Messages on this subject (AQF100-067 and -
DB}, this message is to inform you abaut the progress of the investigation into an
occurrance with a8 Fokker 70 aircralt in which both engines were damaged during
take off.

Investigation update

The investigation ks continuing undar the direction of the local authorities. No
conclusions have boen drawn yet, but the perception is that conditions wera indeed
favorable for the farmation of wing upper surface (clear) ice. No evidence has been
provided to Fokker Services so far that would point clearly o a cause of the engine
damage other than ingestion of ice released from the Inner wing upper surfaces
during the take-oflirotation. If confirmed, this would constitute the first ever reporl of
[dualy engine ice FOD due 1o ingestion of inner wing upper surface (clear) ice on the
Fokker jet flaet (F28 sarias, all marks) in aboul 16 million flight cycles.

Whereas clear ice may ocour on any aircraft type, the possibility of ingestion of
[zlear) ice released from the inner wing upper surface on principle axists anly an
airoraft types with aft-fuselage mounted engines. However, service exparience on the
Fokker jet fleet in this respect is quite favorable in comparison with some other
aircraft types with aft fuselage mounted engines. This is presumably due 1o
differencas partioularty in engine inlet location relativa to the wing root and in the
charactaristics of the fuel storage and ransfer system.

It is rather unchear yet which specilic circumslances would have made the subjact
case different.

The subject early-moming take off was the first of the day after an evernight stay at
an out-station of aboul 10 hours. The aircraft reportedly armived with somea B tons of
fuel remaining in the wing tanks (center tank empty), enough far the next flight
(economic tankerng policy). Itis estimated thal the average fuel temperature after
the flight would have basn about minus 12 deg C, and that with such a fuel guantity
the cold fuel would determineg the temperature of (mast of) the inner wing upper
surtane for some hours after arrival. Reported weather conditions during the night
were rainy, temporarily rain/snow, temperatures varying betwaen 0 and plus 2 deqg G,
dewpaint 0 to minus 1 deg C, light wind. It is alsc estimated thal under these
canditisng the svarage fuel lemperature just pricr 1o take off would have been close
o O deg C.

Before take off, the pilot in command reportedly determined that a de-icing treaiment
was needed, indicated by the presence of ice-ridgas on the wing lower surface. De-
icing was reporledly done using Type || 50/50 fluid. It is not known so far to what
extent the wing upper surace was checked or examined for the presence of (clear)
ica, both befora and afler the applied de-icing. However, it has been reported that “as

ANSYV FINAL REPORT - N. 1/2/04 135



Appendix M

tar as possible withoul using a ladder, 1 Lo 2 millimeters of slushy water and ic# in
small aréas on tap of lhe wing and slush on the trailing adge of the lafl wing” ware
observed.

By not refueling prior to this flight, the distinet advantage of the F28 saries (all marks)
fuel storage and transfer system, with fuel running through inner wing upper surface
top hat stringers, was not utilized. This advantage is the possibility to influence the
temperalure of the inner wing upper surfzce by the added fuel {wihen this fuel
temperaturs is above 0 deg C) and thus either melt frozen deposits or reduce
adherance te facilitate removal during de-lcing.

Action

In view of the above mentioned praliminary investigation results Fokker Senvices
would like to re-emphasize the impartance of strict adherence to the clean wrcraft
concept as detailed in the AFM, AOW and AMM procedures. Wheraas over the yoars
more and mone attention was drawn 1o the patential hazardous bft loss effacts of wing
leading edge ice, this ccourrence may be sean as a reminder (o all of us that the
danger of ice

* s not limited fo wing leading edge and lift loss effects,

*  requires continupus awareness of flight and ground crew.

For that reasan it is recommanded 1o onca more review Not only your own company's
procedures, ncluding those related to economic fued tanking, bul also those of third
party organisations to which you may have possibly outsourced ground handling and
d-fanti-icing aclivities, Fokker Sarvicas will undertake a similar exercise o
determine whather the AFM, ACM and AMM procedures can be further optimized.
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- STANDARD GROUND HANDLING AGREEMENT
SIMPLIFIED PROCEDURE

between: KLM CITYHOFPFER B.V. (KLC)

having its principal office at:

Wallaardt Sacrestraat 10, Schiphol-Oost
P.O. BOX 7700

1117 ZL Schiphol

The Netherlands

hereinfer refocrad to iz “the Carriee™
amd: SAGAT S5.p.A, Turin Airport

having its principal office at:
Aeroporto “Cittd di Torino™
Starda San Maurizio, 12
10072 Caselle Torinese (TO)
Italy

hereinafter referred to as “the Handling Company™.
This Annex BE.1.0

for the location: Turin (TEN)

is valid from: 01.01.2000
is valid until: 31.12.2002
and replaces: none
PREAMBILE:

This Annex B is prepared in accordance with the EU. directive 96/67 introduced in Italy through
the: law decree 185949

This Annex B is prepared in accordance with the simplified procedure whereby the Carrier and the
Handling Company agree that the terms of the Main Agreement and the Annex A of the Standard
Ground Handling Agreement (SGHA) of April 1998 as published by the International Air Transport
Association shall be part of this agresment as if such terms were repeated here in full. By signing
this Annex B, the parties confirm that they are familiar with the aforementioned Main Agreement
and Annex A.
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1.3.2 BASIC HANDLING CHARGES

All prices hereunder are fixed during the validity of this apreement B.1.0.
fa) DAYFLIGHT WITH F70 AIRCRAFT

YEAR. PRICE
2000

2001

2002

(b) OVERNIGHT PACKAGE WITH F70 AC

YEAR PRICE
2000

2001

2002

( b.1) de-icing equipment free of charge. Liquid at cost;
{ b.2) no exira charges will be made for one moming departure before 07HOO local
firmne.

These prices do not inclode;

—. Any charges , fee , or taxes imposed or levied by the Airport, Customs or
other Authorities against the Carrier or the Handling Company in connection with
the provision of services herein by the Handling Company or in connection with the
Carrier's flights .

=% Expenses incurred in connection with stopover and transfer of passengers and
with the handling of passengers for interrupted, delayed or cancelled flights.

Such charges, fees, taxes or other expenses as oullined above shall be bome
ultimately by the Carrier.

—  (Cute implemeniation and utilisation. Traiming will be implemented at
Carrier’s cost,

133 EXTRA HANDLING SERVICES CHARGES

The following services are not included in the above mentioned package and are
charged additionally;

¥"  De-icing full cost for daily operation and included in the night package

excluded liqued
¥ Push Back and Loading Bridge

ANSYV FINAL REPORT - N. 1/2/04 138



Appendix O

Doc Nr: 00-TRN-Alalis-B-KLC

Te, KLM Cityhopper Quality Assurance
Fax + 31 20 B454427
Tel + 31 20 6450106
Telex SPLIOKEL

Copies tor - DAQCP - Pool Mambers

From;

Diate: 23 January 2001

Nbr Pages: 1

Subject: De-tAnti-scing Audit on 22 Jarwary 2001
Dear Mr

First | want to take fhes opportunity to thank you and your staff for the cooperation and assistance given to me
during my audit at your faclities.
The positive and constructive approach o the inspection was very much appreciated.

The inspeéction was conducted to fulfill cur autherity reguiations (JAR-0PS) which require periodical inspections
of companies providing De-fAnti-icing services. This inspection was parformed on behall of AF — DAT — KLC —

Mo valid signed contracts could be shown
Mo Da-icing procedure manuals available from CLH & KLC.

Mo theoretical test has been given.

.1

2.

3. Noevedence annual refresh for expiry dates.

4

5. Notraining passing rates of 75 % are established.

W kindly request you wrillen response within 14 days detailing vour corrective action or comments to the
ltams.

Kind Regards
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—x—Jet A1 spec

[Cel]

temo.

-5 JP4 Spec

Fuel density measured Mc0100 fuel test

—_— omi na |

[41) /85] ‘B's

Graph 3.4.2-1; Foel Densities measured doring fuel tests
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Draft KL 1613 ANALYSIS

Uhsirte:

The auto thiotile sler that was prescntod st 400 feet was followeil by a cabin préssuriation contral
alert presented wi 1,500 feer. The later slert which was confiemed by an overhend system faolt light
anrd a sspnse of pressure vatiation in the cars was however, presested 38 4 cabin pressure contool channel
faul on the Lefl hand MFDU, This inconsistency also oocurrcd in the simalator re-creation, The
procedure fr the cabin pressucicaliom control alert appeanal on the right MFDU below the auto throttle
fail procedure, hvwever the inconsisiency betwncen the message on the left screen and the procedune on
the nght sereen alse created conlusion for the first officern

Unguobe.

Ieterprotativan:

1. A cwhin pressurization contnd slert was presented at |, 500 fast, with o local Guult Fghr on the
orverhead pansl.

2. A cabin pressure control chiannel faelt appeared on the left hand MEDTT,

3. The prsedure for the cabin pressurization conteal wlert appearsd on the righl MFTILL

4, The mentioned mismatch is a mismatch between the alert (CAB PRESS CTL CHAN) on the left

hiundl MPDU and the header of the procedurs on the right hand MFDU {CAB PRESS CTL),

Flight Warning Logic

The Flight Warning System (FWS) containg two cabin pressure comtroller alerts:

1. CABRPRESS CILCHAN
This level 1 alert indicates thal ona of the rwo cabin pressure controliers has a faull. This alert does
sl bawve & procedure aod the loenl fault light on the overhead panel will pol ill umimate,

The alert comdition for thix alert jg:
»  cabin pressuce conirol single chanmel Bault ANTY
s not cabin préessen: ol doal fault AND
= not AC bos 2 ol ANT
= it delay 1 second

2, CARPRESS CTL

This level 2 aleit indicates that hoth cabin presser contnllors have faults. Since sutnvmut i cabin
pressure contral is lost the crew receives a procedure w manually control the cabin prossnre. The
fault will also illuminale the Ioeal faolr light on the pressurizanon control panel on the overhead
panel,
The alarr conditban for Ui alert ig:

= cabin press ol dunl chemnel Gault AND

= ot essentio] AC hus off AND

= pot essential DO bus off AMD

o time delay 1 scoond

Airerait 11583 is equipped with a single cabin pressure comtrollar, [ this conflgusation Tth the single

channel fault @nd the dual Cull are generated at the same miment, The FWS logic prevenis
anmunciation of the single chamnel failure when at the sime time the dual filure condition iy active.
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Mainlenance information

Acconling to inforesation recelved from Martinair the aircraft had several cabin pressure contaller
[aulis duning the days preceding the Turin incident. According i the same source the alerts were
prescrled as CAB PRESS CTL CHAN. After replacement of an inlermittently opening circuil bresker
in the FWC single/dual pressarc conirol channel logic e problem was solved.

Maote: When the circuit breaker is opened the dual fault sigoal 1o the FWC is interrupted. I in this

comition the pressure controdler slert becomes active then the fault will be anmuncisted os u CAR
FRESS CTL CHAMN alert.

Adicpls 1o get the above verhally received information in writing failed due w the availabilily of only
limited information fron the Martinair maintenance compuler syslem,

On aircraft verification

D i 'his discussion it weas decided to generate a CAB FRESS CT1, slert and a CAB PRESS CTTL

CHAN alert o the incident aircrall, The test revealed that the FWS worked as advertised,

*  The CAHR PRESS CTL olert was s bevel 2 alent and was prescnled with the comect procedur:
(including heading)

*  The CAB PRUSS CTL CHAN alert was a level 1 alert and wus presented without procedure
(Nate: this required *misleading’ the FWC single/dual pressurc control channel logie 1o lel it
helieve the aircraft pressure comtraller was configured with a Lswo pressure conrrols).

Centralized Fault Display Unit (CFDL)

The CFDU only stozed the CAB PRESS CTL alert and pot the CAB PRESS CTL CLIAN alert, If the
CAR PRESS CI'L CHAN alort would have been generated by the FWE then this alert should alsa have
licen atowed in the OO

DMiscussion

Acconding wthe deaft KL report there was o mismatch betorsan the alert and the procedure heading,
This behavior would ales have been visible on he simulatsr, 11 st however be moted that the
simulatar does not contain a Flight Waming Computer, bt all faults are generated by o simulation
compailer. 11 cwn be questioned whether the sisnulaor sclg like the real aireradt,

The aler that was penerated during the incidend Might was most likely the CAB PRESS CTL alert
(level 23 This is supporicd by;

= The prescnes of & local Fault light on the pressurization contral panel

*  The proscnee of a cabin pressure comteol relaled pmeedure

= The CFINT memory

A mismatch hetwesn the alert and the procedure heading conld not be reproduced on the ingident

gircrafl. Therefore fwo possible causes ramain:

I, The crew knew that the aircraft had a history of CAR PRESS CTL CHAN alers. bal reccived
during the incideat flight the CAB PRESS CTL alant and associated procedure,

L The reportedly intermittent]y opening circoit breaker has the potential effect thal dus i timing the
FWIC and pressurizotion contnd sysicm, momentary behoved as if it were u dhenl channe) system.

In view of the reported mismaleh onthe simnlator it is recommended o review the simulator soffware
ul fhiz point.
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