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Investigation Report

Identification

Type of Occurrence: Accident

Date: 20 January 2015

Location: Nuremberg Airport

Aircraft: Transport aircraft

Manufacturer / Model: Fokker Aircraft B.V. / F28 Mark 0100
Injuries to Persons: None

Damage: Aircraft severely damaged

Other Damage: None

State File Number: BFU AX001-15

Factual Information

The Auxiliary Power Unit (APU) ingested de-icing fluid during the de-icing procedure
on the apron. Subsequently turbine speed increased strongly and the APU ruptured.
As a result the aft pressure bulkhead of the airplane was punctured by debris.

History of the Flight

The airplane stood at parking position 30; crew and passengers were on board. The
crew stated that the doors were closed, and the APU was running. At about
1050 hrs? the de-icing vehicle (Eisbar 6) was requested for de-icing services. The de-

1 All times local, unless otherwise stated.
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icing personnel stated that initially the wings and the left side of the tail section were
de-iced. Then the de-icing vehicle was positioned on the right side between engine
and empennage. The de-icing fluid Type | (Safewing MP | 1938 ECO (80)) was used.
After the vehicle had been positioned the right empennage was de-iced. Then the de-
icer re-positioned the working basket and wanted to de-ice the right side of the
vertical tail. He stated that he had just begun with the leading edge (approximately
0.5 m) when he noticed that the rpm of the APU suddenly increased strongly. He
described the noise getting louder and the frequency increasing. Furthermore, the
exhaust fumes increased strongly. He then closed the jet tube and ended the de-
icing process. At that moment he heard a loud bang and sought cover within the
basket. Immediately afterwards there was a second, more intense bang and the APU
shut off.

During these events, the driver of the de-icing vehicle noticed that the maintenance
door in the fuselage bottom sprang open and an explosive flame of about two meters
escaped. He also stated that the blast waves of the two bangs were so intense that
the de-icing vehicle rocked.

Both bangs could be heard in the cabin. The crew stated the airplane had rocked. In
the cockpit the APU error message illuminated and the APU shut-off automatically.

In the aft part of the cabin a fracture piece of the APU punctured the pressure
bulkhead and smoke emitted for a short time.

Initially the passengers were taken to the front of the cabin which was free of smoke
and then disembarked. Buses took them back to the terminal.

Personnel Information
Flight Crew

The 33-year-old Pilot in Command (PIC) held an Air Transport Pilot's License
(ATPL(A)) with the commensurate class and type ratings issued by the Swiss
aeronautical authority. The pilot held a class 1 medical certificate.

The PIC had a total flying experience of 5,580 hours and 3,010 landings; 4,387 hours
and 1,900 landings of which were on Fokker 100.

The 37-year-old co-pilot held an Airline Transport Pilot's License (ATPL(A)) with the
commensurate class and type ratings issued by the Swiss aeronautical authority.
She had a class 1 medical certificate.
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She had a total flying experience of 2,970 hours and 2,300 landings; 2,570 hours and
1,300 landings of which were on Fokker 100.

De-Icing Personnel

The de-icing person had been trained in accordance with the requirements (see
Chapter Organisations and their Procedures). According to his own statement, he
was a trained pilot and worked for de-icing services until his next employment.

Aircraft Information

The Fokker F28 Mk0100 (Fokker 100) is a short and medium range twinjet transport
category airplane in all-metal construction. Left and right behind the wings Rolls
Royce Tay 650-15 engines were mounted to the fuselage. The airplane had a
maximum take-off mass of 45,810 kg.

The APU was located in the tail section behind the aft pressure bulkhead.

The airplane with the serial number 11459 was manufactured in 1993. At the time of
the accident it had 51,879 total operating hours and 37,191 total airframe landings.

The aircraft was registered in Switzerland and operated by a Swiss operator.

Meteorological Information

At the time the BFU staff members arrived at the apron, temperatures between zero
and minus one degree Celsius prevailed and it was snowing slightly. Ground
operations services stated that at the time of the accident the weather conditions had
been similar.

Radio Communications

The Cockpit Voice Recorder (CVR) recorded the radio communications between the
crew and the de-icing vehicle personnel. The recording was made available to the
BFU for evaluation.

Aerodrome Information

Nuremberg Airport's runway is 2,700 m long and 45 m wide. The available runway
directions are 099° and 279°. The apron is located north of the terminal.
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Flight Recorder

Flight Data Recorder (FDR) and CVR were made available to the BFU for evaluation
purposes. The data was not used to determine the course of events.

Wreckage and Impact Information

The airplane stood at the parking position 30 on the apron. Fracture and small metal
pieces which could be correlated with the APU and its periphery were found beneath
the tail section of the airplane. The maintenance door, which allows access to the
APU, was punctured and open (Appendices Image 1).

The APU housing was torn open and allowed a view of the interior (Image 2). The
turbine wheel was severely damaged and the compressor wheel shattered. Image 3
shows the area on the right side of the tail section where the air intake for the APU is
located and the APU exhaust exits the fuselage.

The area of the air intake was not marked. Smoke residue was found around the
closed air intake hatch. The area around the exhaust was clearly silhouetted against
the white fuselage surface due to the heat-resistant sheet metal used. In addition, the
area to the upper right of the exhaust carried the marking FIRE ACCESS.

The two aft seats for the flight attendants were located at the back wall of the cabin
which is also the pressure bulkhead (Image 4). A bin beneath the seats contained the
smoke hoods for the flight attendants. A fracture piece of the compressor wheel
punctured the area below the right flight attendant seat (Image 5). It left a hole of
approximately 100 mm in diameter in the pressure bulkhead. The fracture piece itself
had melted into the bottom of the bin. The back wall of the bin had been torn open.

Fire

After the APU had collapsed an explosive flame exited the lower maintenance door
at the tail section. There was no subsequent fire.

Organisations and their Procedures

The technical operations department of an operator was responsible for the de-icing
service at Nuremberg Airport. The personnel conducting the de-icing was employed
with the company and trained prior to each winter season. For the winter season
2014/2015, de-icing personnel was trained in accordance with AEA (Association of
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European Airlines) Recommendation for De-/Anti-Icing 29th Edition July 2014 and
AEA Training Recommendation 11th Edition August 2014. The AEA was an
association of European airlines functioning as interest group. It was not a
governmental institution.

Among other things, de-icing personnel must be medically fit, have a valid driver's
licence, and command of English.

Additional Information

De-Icing Procedure

During the de-icing process the de-icing fluid has a temperature of up to 70° when it
leaves the steel pipe. Fog is the result due to the lower temperatures of the outside
air, and the aircraft parts. This fog restricts the field of vision of the de-icing personnel
(Image 6).

Documentation of the Aircraft Manufacturer

The manufacturer had stipulated procedures and details concerning de-icing
procedures for the Fokker 100 in the Aircraft Operating Manual (AOM), Chapter
7.11.01 and in the Aircraft Maintenance Manual (AMM) TASK 12-31-00-660-833-A.
These had to be adhered to during de-icing.

Past Occurrences

In the past there have been similar occurrences with this aircraft type where the APU
ruptured due to de-icing fluid intake. The Powerplants Group Chairman's Factual
Report of the US American National Transportation Safety Board (NTSB ID-No.:
FTWO02IA088) (Appendix 1) describes the investigation of the occurrence. The
investigation resulted in a safety recommendation (Appendix 2) which the US
American Federal Aviation Administration (FAA) addressed in the Airworthiness
Directive (AD) 2002-07-03. This AD requires prohibition of APU operation during de-
icing. This requirement was incorporated into the American flight manual.

Due to the occurrences, the aircraft manufacturer issued Service Letter 220
(Appendix 4). The service letter contains the factual information of the NTSB
investigation report, and a description of the adverse effects on the airplane if the
APU is shut down during de-icing. In the service letter the manufacturer recommends
airlines to pay attention that only qualified personnel performs de-icing services. The
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Airworthiness Recommendations Catalogue (item 12-31-4) (Appendix 5) issued
February 2015 due to the occurrence in Nuremberg contains a summary.

In 2005 the aircraft manufacturer, the European Aviation Safety Agency (EASA), and
the Dutch aviation authority (CAA-NL) met to discuss the results and actions. The
result of the meeting was that no further actions were necessary.

Due to the occurrence in Nuremberg the above-mentioned parties met again. During
the meeting a safety analysis of the occurrence was made. The meeting ended in the
notion that marking the intake area could be done with little expense and would
attract attention of the de-icing personnel.

Previous EASA Actions

Due to some safety recommendations regarding aircraft de-icing, among others the
recommendation BFU 09/2006, EASA has taken action to improve safety during
ground de-icing, even though, according to Regulation (EC) No 216/2008 (“on
common rules in the field of civil aviation and establishing a European Aviation
Safety Agency”), they have no direct oversight responsibilities regarding ground
operating service providers. EASA commissioned a study in which the regulations for
ground de-icing in member states were examined. In 2011 EASA published the
report: EASA 2009/4 Regulation of ground de-icing and anti-icing services in the
EASA Member States. Subsequently, in 2012 EASA organised a ground de-icing
workshop. In addition, EASA conducted a safety conference concerning de-icing
(icing conditions on the ground and in flight). It took place between 15 and
16 October 2013 in Cologne and intended to increase the awareness of all parties
involved. The documentation to the study and the information regarding the
workshop and the conference are published on the EASA website.

In the course of the policy initiative of the European Commission in regard to aviation
safety and the possible revision of Commission Regulation (EC) No 216/2008 EASA
has published Opinion No 01/2015. EASA proposes that ground services are
included in Commission Regulation (EC) No 216/2008. Currently this proposal is
being discussed in the decision-making bodies of the European Union.

Documentation by ICAO

The ICAO Manual of Aircraft Ground and De-Icing/Anti-Icing Operations (Doc 9640-
AN/940) describes the procedures and responsibilities during the de-icing of aircraft.
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Analysis

Because de-icing fluid was ingested through the APU air intake, the rotational speed
of the turbine began to increase. Once the threshold value was reached, the APU
shut down automatically, and the fuel supply was cut off. Since the de-icing fluid had
ignited and caused the increase of rotational speed, the shut-off fuel supply had no
effect. The rotational speed increased further until the APU ruptured.

Subsequently, parts of the compressor wheel penetrated the aft pressure bulkhead in
the area beneath the flight attendants' seats. The hot fracture piece was found
embedded in the container for the smoke hoods. Smoke in the aft part of the cabin
was the result. Passengers and cabin crew were prompted to move to the front part
of the airplane. During a similar occurrence in the past almost the same area of the
pressure bulkhead was penetrated. The BFU is of the opinion that in case the APU
ruptures for other reasons it cannot be ruled out that the same area of the pressure
bulkhead would be penetrated again.

The location of the APU air intake, on the right-hand side next to the fuselage and
vertical tail fairing, poses the risk of de-icing fluid entering the open APU air intake
during operation. The work of the de-icing personnel is made more difficult by the fact
that due to the differences in temperatures fog develops which restricts the field of
vision of the de-icing personnel. The APU air intake is not marked as other areas are,
such as static ports. Europe has not implemented the safety recommendation the
NTSB had issued due to a similar case requiring shutting down the APU during de-
icing. The manufacturer had described the disadvantages extensively and these
were the reasons why the safety recommendation was not implemented. This case
shows, however, that the area of the air intake should be clearly marked to remind
the de-icing personnel of the hazards. Other manufacturers, where the APU air
intake location is comparable to the ones described here, set an example.

The de-icing requirements and the derived personnel and AEA training requirements
are very extensive and up-to-date. The de-icing company has implemented the
fundamentals and requirements for personnel and training. Certain neuralgic points
of the airplane, e.g. air intakes, gaps, and cavities are discussed and pointed out
during the theoretical and practical training. The BFU is of the opinion it would
improve safety if such areas were clearly marked and it would also make the work of
the de-icing personnel easier. In this case the de-icing person had been trained as
transport pilot and was aware that the de-icing fluid should not flow into the APU air
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intake. Due to non-existent markings it was difficult for him to clearly identify this
area.

It has to be noted that AEA was not a governmental authority and the information,
which the aircraft manufacturer had published in his aircraft documentation, was not
completely included in the AEA documentation. A procedure, where the aircraft
manufacturer participates in the compilation of documentation was not defined.

In the past EASA has, even though based on the prevailing regulations it was not
responsible, conducted investigations and actions in regard to aircraft de-icing. The
BFU is of the opinion, that this approach, surely also prompted by previous safety
recommendations, is an active contribution to flight safety. It would be desirable if
EASA would continue and expand these actions. The BFU is of the opinion that
aircraft de-icing is an important part of the safety of each individual aircraft as well as
the entire aviation. Therefore, de-icing should be placed under regulatory authority,
similar to maintenance.

Currently the de-icing situation of aircraft is as follows: The aircraft manufacturer
defines de-icing procedures for the respective aircraft in the Flight Manual (FM), the
Flight Operations Manual (FOM), the Aircraft Maintenance Manual (AMM), etc.
These documents or procedures, respectively, are certified by the -certification
authority during type certification. These manuals are the basis for the aircraft
operator to operate the airplane safely. Practice shows that the operator does not de-
ice the aircraft, but delegates this service to ground services at the respective airport.
The ground services, however, do not refer to the de-icing information in the manuals
but to the one from the rules and standards of their association, in this case the AEA.
Based on the current Commission Regulation (EC) No 216/2008 EASA is not the
supervisory body for airport ground services.

Conclusions

The rupture of the APU and the resulting damage was caused by the ingestion and
subsequent ignition of de-icing fluid. Additional factors were the limited field of vision
and the insufficient marking.
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Safety Recommendations

Safety Recommendation No. 01/2018

The aircraft manufacturer should clearly mark the area around the APU air intake on
the aircraft type Fokker F28 Mk0100 (Fokker 100).

Safety Recommendation No. 02/2018

The European Aviation Safety Agency (EASA) should continue and expand the
current activities regarding aircraft de-icing. In addition, due to the importance of
aircraft de-icing for flight safety, EASA should consider placing aircraft de-icing under
regulatory authority similar to aircraft maintenance.

Safety Recommendation No. 03/2018

For the improvement of flight safety the European Commission should establish a
legal framework which places ground services and de-icing of aircraft under
regulatory approval and supervision of the European Aviation Safety Agency (EASA).

Investigator in charge: Nehmsch
Field investigation: Nehmsch, Rostel, Juckl
Assistance: Ritschel

Braunschweig 31 January 2018
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Appendices
Image 1: Open maintenance door with puncture Photo: BFU
Image 2: Destroyed Auxiliary Power Unit (APU) Photo: BFU
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Image 3: Airplane tail section with APU air intake (upper right) and exhaust (centre) Photo: BFU

Image 4: Aft flight attendant seats
(viewed from the opposite flight direction)  Photo: BFU
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Image 5: Punctured bulkhead below the right aft flight attendant seat

Fracture piece of the compressor wheel in the bottom of the bin

Image 6: Fog development during de-icing
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Photo: BFU

Photo: De-icing company
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Appendix 1
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Appendix 2
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DISSENTING STATEMENT
Notation 7453

Member Goglia, Dissenting;

The safety recommendation to the FAA that an airworthiness directive be issued to
prohibit APU operation “during deicing operations™ misses the mark. First, it does not
address the importance of effective training in deicing and anti-icing applications. We
know the critical importance of deicing and anti-icing because there have been numerous
accidents related to this activity, the lack of it, or its improper application. Safety would
be far better served by a directive that addresses the issue from a broader perspective that
holds the prospect of an ongoing higher standard of training for all deicing crews across
all fleet types, rather than the correction of a specific shortcoming for a particular aircraft
type.

Second, prohibiting the use of the APU during “deicing operations” may have significant

unintended consequences.

Again, safety would be better served by having a well-trained deicing crews that are fully
trained and comprehend all aspects of this important activity and the consequences of

any deviation from approved procedures.

-23-
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Appendix 3
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Appendix 4
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Appendix 5

STORK® Airworthiness Recommendations Catalogue
(e Fokker 70/100

Ground De-icing and Anti-icing
Recommendations on the use of t P ri e-icin

Effectivity
All F28 Mk0070/0100 aircraft serial numbers.

Background

Fokker Services received 3 reports of an uncontained APU turbine rotor rim failure during aircraft
de-icing. The ingestion of a steady stream of de-icing fluid into the APU inlet near the dorsal fin
ultimately resulted in an uncontrolled APU overspeed until separation of the APU turbine rotor
rim. Following the third occurrence, the FAA issued Airworthiness Directive 2002-07-03 to
include the statement 'APU operations during de-icing is prohibited' into the FAA AFM of the
Fokker 70/100 and the FAA FH of the F28 aircraft.

Fokker Services reviewed the available information on all 3 occurrences and is of the opinion that
the APU can be kept running during de-icing if some recommendations are adhered to. These
recommendations were already contained in the AMM prior to the above mentioned occurrences.
Nevertheless, Fokker Services has further clarified the concern with respect to possible overspeed
of the APU per Manual Change Notification (MCNM) F100-073.

Recommendations

Incorporate the changes of Manual Change Notification (MCNM) F100-073 (which is distributed
free-of-charge to all operators).

Adhere to the recommendations and precautions contained in the AMM as changed by the
incorporation of MCNM F100-073. For that purpose also tighten your control over the qualified
de/-anti-icing facilities to ensure that all personnel involved are fully aware of the importance of
prevention of de-icing fluids entering the intake of a running APU.

Dutch/EASA Airworthiness Directive (AD
None.

Other References

FAA Airworthiness Directive 2002-07-03.

Service Letter 220 (which also contains the possible adverse effects of switching off the APU
during de-icing).

Airworthiness Recommendations Catalogue item 12-31-3.

apr 01/04 ATA100: 12-31
Technical Services Subject: Bl
Fokker Services BV Issue: 1
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This investigation was conducted in accordance with the regulation (EU)
No. 996/2010 of the European Parliament and of the Council of 20
October 2010 on the investigation and prevention of accidents and
incidents in civil aviation and the Federal German Law relating to the
investigation of accidents and incidents associated with the operation of
civil aircraft (Flugunfall-Untersuchungs-Gesetz - FIUUG) of 26 August

1998.

According to the law the sole objective of the investigation shall be the
prevention of future accidents and incidents. It is not the purpose of this
activity to assign blame or liability or to establish claims.

Published by:

German Federal Bureau of
Aircraft Accident Investigation
Hermann-Blenk-Str. 16

38108 Braunschweig
Phone ++49 531 3548-0
Fax ++49 531 3548-246

Mail box@bfu-web.de
Internet www.bfu-web.de
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