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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 7th 1944, approved and made executive in Italy by Legislative Decree of March 6th

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).

ANSV 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 25th 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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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

GLOSSARY
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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 KLC 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 KLM 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. 



CHAPTER I

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.1 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 II/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.
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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.1 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 1”alert 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 1”alert 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 No1 caused the fan vibration to go above the limit that triggered an alert for 7 seconds.

The CA1 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



11ANSV FINAL REPORT - N. I/2/04

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

CA2 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 “to 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.



12ANSV FINAL REPORT - N. I/2/04

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

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: 07th 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 January 2002

• Medical examination: 10th January 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

• 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 1+2 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 -53ºC at a speed of M.76, resulting in a recorded  TAT  varying from

–33 to –26ºC.

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  VRB05KT  5000  SN  BKN007  OVC025=

FCLIMF  200202160300

160312  VRB05KT  3000  SN  BKN004  OVC015=

FCLIMF  200202160600

160615  VRB05KT  3000  SNRA  BKN004  OVC015=

1.7.3. Torino airport weather report

FTLIMF  200202160000

160018  VRB05KT  1800  RASN  BKN005  OVC015  TEMPO  0007  0800  SN

BECMG0710  4000  -RA  SCT015  BKN025  OVC070=

FTLIMF  200202160600

160624  VRB05KT  1500  SN  BKN003  OVC015  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

1ºC and –1ºC 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 IIIA 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 8th 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 CA1 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.1 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 65ºC 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.

• Refractive Index of 1,393 at 20ºC.

• Viscosity of 3.900 mPa.s at 20ºC.

Nozzle

• pH value of 7,2.

• Refractive Index of 1,393 at 20ºC.

• Viscosity of 3.400 mPa.s at 20ºC.

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 3rd 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.

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. KLC 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 aircraft. 

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 1st, 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 responsabilità

dell’erogazione è 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 KLC 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. 

c) 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,
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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(i)(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.

c) 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.



37ANSV FINAL REPORT - N. I/2/04

CHAPTER II

ANALYSIS

2. ANALYSIS

2.1. 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 0ºC 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 –6ºC) (ref document provided

by FS). The 2.600 kg of added fuel had a temperature of approximately 8,6ºC 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 3ºC.

From TAT DFDR data it was calculated that during flight the fuel temperature would have

dropped by approximately 13ºC which meant that the temperature in the tanks on arrival in

Torino would have been approximately -10ºC. 

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 1ºC and 0ºC, 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 1cm

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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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. 

2.2. 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 thrust1. 

1 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/ARTS) 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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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).

2.3. 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 10ºC. 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: “to 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 II  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 65ºC, 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 1”alert 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 No1, 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 CA1 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. 
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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.

2.4. 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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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.

2.5. 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 KLC 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. KLC 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 KLC’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.  



CHAPTER III

CONCLUSIONS

3. CONCLUSIONS

3.1. EVIDENCES - FINDINGS

1. The pilots and cabin crew were qualified to perform the flight.

2. Aircraft Certificate of Registration and Airworthiness were valid and the aircraft was

airworthy.

3. 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. 

4. A mixture of clear ice and other types of ice formed on the upper surfaces of the wings

during the night stop (overnight). 

5. The Captain did not link the weather conditions and the previous flight history with the pos-

sibility of clear ice formation. 

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

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

ring the discovery and removal of clear ice.

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

check.

9. 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.

10. The de-icing operator did not ask the Captain to specify the de-icing fluid type and percentage.

11. 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. The aircraft was sprayed with Type II fluid 50%.

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

upper surface of the wings. 

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

de-icing at Torino Caselle airport. 

15. 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. 

16. There was misunderstanding between the Captain and the de-icing operator regarding the

final inspection of the aircraft.

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

completed.

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

ment was performed.

19. The flight crews were not informed about the procedures that were agreed between KLC and

SAGAT regarding the de-icing operation.  

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

inspecting.

21. 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.

22. 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. 

23. Visual and aural attention getters for several alerts were suppressed due to the flight crew

not having cancelled the MASTER CAUTION. 

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

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

27. 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.  

28. 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.

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

checklist) at the time of the engine failure. 

30. 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. 

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

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

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

confused by this phenomenon.

33. The ESOC system is an independent, mechanically activated system. 

34. The crew did not immediately recognise the high engine vibration in Engine No1 due to the

occurrence of several other system failures and due to the fact that the MASTER CAUTION

was not cancelled. 

35. The Captain decided to commence the approach at Torino approximately 10 minutes after

the MAY DAY call was made.

36. 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.  

37. 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.

38. The Captain did not request for the cabin to be prepared for the possibility of an emergency

landing or on ground emergency.

39. 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. 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.

41. KLC was JAR-OPS 1 certified since December 2001.

42. 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). 

43. The Manager of Technical Operations was not directly involved in the de-icing process. (The

QA Manager only communicated to the MFO and MGO). 

44. The Postholders responsibility for de-icing inspection process was not assigned in accor-

dance of JAR-OPS 1 requirements.

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

46. The MME did not clearly specify any references to the de-icing technical standards or pro-

cedures with regard to transfer of responsibilities. 

47. 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. 

48. 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.

49. 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. 

50. The ROM incorrectly stated that Alitalia was the inspecting company for KLC in Torino. 

51. 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. 

52. No actions were taken by KLC at any management level to correct the non-conformance.

53. KLC did not publish any specific de-/anti-icing instructions to SAGAT Handling regarding

de-/anti-icing inspection. 

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

IATA handling agreement specifications.
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55. 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.

56. 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.

57. The DAQCP does not have any sanction possibilities.

58. 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. 

59. The SAGAT manual for de-/anti-icing operations (“Trattamento De-/anti-icing degli aero-

mobili”) is published in Italian only. 

60. Most of the services defined under ground handling which can be outsourced to sub-con-

tractors are not regulated by JAR OPS.

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

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

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

ght.

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

4. 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 IV

SAFETY RECOMMENDATIONS

4. SAFETY RECOMMENDATIONS

4.1. Recommendation  ANSV–27/140–1/I/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/I/04

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

a) To the address of KLM Cityhopper

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

assign an order of priority to these responsibilities.

2. That KLC review and modify all ground handling contracts to conform to industry recog-

nised agreement specifications.

3. That KLC involve the FSM in Postholder management team meetings when those meet-

ings include flight safety related subjects.

4. That KLC use this report to asses the effectiveness of its current quality assurance system.

5. That KLC incorporate cockpit/cabin communication and highlight the importance of

such communication in joint CRM recurrent training sessions. 

6. That KLC establish clear instructions and crew understanding as to when the cabin

should be prepared for an emergency landing.

7. That KLC review and expand its training with regard to engine failure recognition, severe

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

8. 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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9. That KLC consider defining flight crew emergency management priorities to eliminate

hindrance by rigid procedures and/or training induced inflexibility.

10. 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.

11. That KLC provide ‘hands on’ training to all crew regarding the detection of clear ice. 

12. That KLC provide suitable equipment to enable crews to detect the presence of clear ice.

13. That KLC review the effectiveness of the DAQCP.

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

the duties that are performed by ground handling companies.

15. That KLC ensure adherence to fuelling policies in conjunction with crew judgement. 

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

all their aircraft.

17. 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. 

2. 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.

3. 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.

4. 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.

5. 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.
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4.3. Recommendation  ANSV–29/140–3/I/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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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 1999, n. 66.
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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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