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FOREWORD

Lebanon is a signatory to the Convention on International Civil Aviation (Chicago 1944) and a
founding member of the International Civil aviation Organization (ICAQO). In line with Article
26 of the Convention, the Lebanese Government launched an investigation into the accident that
occurred to Ethiopian Airlines flight 409 (ET409), a Boeing 737-800 type aircraft registered
ET-ANB. An Investigation Committee (IC) and an Investigator in Charge (11C) were appointed
by the Lebanese Minister of Public Works & Transportation. The State of Registry/Operator and
the State of Manufacturer were both invited to appoint accredited representatives to the IC.

A Preliminary Report was presented to the Lebanese Government on February 25, 2010. Two
Investigation Progress report were presented to the Lebanese Minister of Public Works &
Transportation on February 10, 2011 and on August 25, 2011; both reports were released to the
public and have been posted on the Lebanese CAA website www.lebcaa.com. The final draft
report was presented as a confidential document to HE the Lebanese Minister of Public Works
and Transportation on 10™ September2011 and circulated to all parties (the NTSB -USA, ECAA
- Ethiopia & BEA - France) for comments, as per ICAO Annex 13 requirements. The comments
were received in due time and discussed with all parties prior to the issue of this final report.
Some differences remained between the views of the Ethiopian party and the rest of the
Investigation Committee’s members. These differences are appended as “Appendix Z” to this
report.

In accordance with Annex 13 to the Convention and with the Lebanese Air Regulations (LAR),
the investigation has not been conducted so as to apportion blame, or to assess individual or
collective responsibility.

Consequently, the sole objective of this investigation into the tragic accident of ET 409 is to
establish what happened, to analyze how and why the occurrence took place, and from this
analysis to determine what the occurrence reveals about the safety health of the aviation system.
Such information is used to arrive at conclusions and make safety recommendations aimed at
drawing lessons from what happened in order to prevent similar reoccurrences, and where
appropriate, to increase the overall safety of the aviation system.

Furthermore, the use of this report for any purpose other than for the prevention of future
accidents could lead to erroneous interpretations.
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Synopsis

Date of accident
25th January 2010 at 00:41:30*

Site of accident

About 5 NM South West of BRHIA,
Mediterranean Sea

Type of flight

International public transport of passengers.

Scheduled flight ET 409

Summary

Aircraft
Boeing 737-800

Registered ET-ANB

Owner

CIT Aerospace International Corporation
Operator

Ethiopian Airlines

Persons on board

Flight crew: 2
Cabin crew: 5
IFSO: 1

Passengers: 82

On 25 January 2010, flight ET409 took off from Beirut Rafic Hariri International Airport
(Lebanon) bound for Addis Ababa Bole International Airport (Ethiopia) on a regularly
scheduled revenue flight. Less than five minutes after take-off the plane crashed into the sea.

Consequences

People

Fatally Injured Injured
Crew 8 -
Passengers 82 -

Third parties - -

Equipment

Unhurt

Destroyed

@ All times in this report are UTC, except where otherwise specified. 2 hours should be added to obtain the
local time (LT) applicable in Lebanon on the day of the accident.
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Executive Summary

On 25 January 2010, at 00:41:30 UTC, Ethiopian Airlines flight ET 409, a Boeing 737-800
registered ET-ANB, crashed into the Mediterranean Sea about 5 NM South West of Beirut Rafic
Hariri International Airport (BRHIA), Beirut, Lebanon.

ET 409 was being operated under the provisions of the Ethiopian Civil Aviation Regulations
(ECAR) and as a scheduled international flight between BRHIA and Addis Ababa Bole
International Airport (ADD) - Ethiopia. It departed Beirut with 90 persons on board: 2 flight
crew (a Captain and a First Officer), 5 cabin crew, an IFSO and 82 regular passengers.

The flight departed at night on an instrument flight plan. Low clouds, isolated cumulonimbus
(CB) and thunderstorms were reported in the area. The flight was initially cleared by ATC on a
LATEB 1 D departure then the clearance was changed before take-off to an “immediate right
turn direct Chekka”. After take-off ATC (Tower) instructed ET 409 to turn right on a heading of
315°. ET 409 acknowledged and heading 315° was selected on the Mode Control Panel (MCP).
As the aircraft was on a right turn, Control suggested to ET 409 to follow heading 270° “due to
weather”. However, ET 409 continued right turn beyond the selected heading of 315° and
Control immediately instructed them to “turn left now heading 270°”. ET 409 acknowledged,
the crew selected 270° on the MCP and initiated a left turn.

ET 409 continued the left turn beyond the instructed/selected heading of 270° despite several
calls from ATC to turn right heading 270° and acknowledgment from the crew. ET 409 reached
a southerly track before sharply turning left until it disappeared from the radar screen and
crashed into the sea 4’ 59 after the initiation of the take-off roll (4’17” in the air). The aircraft
impacted the water surface around 5 NM South West of BRHIA and all occupants were fatally
injured. Search and Rescue (S&R) operations were immediately initiated.

The DFDR and CVR were retrieved from the sea bed and were read, as per the Lebanese
Government decision, at the BEA facility at Le Bourget, France. The recorders data revealed
that ET 409 encountered during flight two stick shakers for a period of 27 and 26”. They also
recorded 11 “Bank Angle” aural warnings at different times during the flight and an over-speed
clacker towards the end of the flight. The maximum recorded AOA was 32°, maximum recorded
bank angle was 118° left, maximum recorded speed was 407.5 knots, maximum recorded G load
was 4.76 and maximum recorded nose down pitch value 63.1°.

The DFDR recording stopped at 00:41:28 with the aircraft at 1291°. The last radar screen
recording was at 00:41:28 with the aircraft at 1300°. The last CVR recording was a loud noise
just prior to 00:41:30.

The investigation revealed that the probable causes of the accident were the flight crew’s
mismanagement of the aircraft’s speed, altitude, headings and attitude through inconsistent
flight control inputs resulting in a loss of control and their failure to abide by CRM principles of
mutual support and calling deviations. The other contributory factors that could have lead to
probable causes are the increased workload and stress levels that have most likely led to the
captain’s reaching a situation of loss of situational awareness similar to a subtle incapacitation
and the F/O failure to recognize it or to intervene accordingly. The root causes for these failures
are discussed in the analysis phase of this report.

Safety recommendations are made affecting the operator, the ECAA, ICAO and Lebanon.
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Organization of the investigation

On Monday 25™ January 2010 at around 00.47, the Lebanese DGCA was informed of the loss of
radio and radar contact with flight ET 409 a few minutes after take-off from Beirut.

After having established without doubt that the airplane had disappeared, the Lebanese
Authorities launched a technical investigation. In accordance with article 26 of the Convention
and ICAO Annex 13 “Aircraft Accident and Incident Investigation”, an Investigation
Committee (IC) from Lebanese investigators was formed by a ministerial decree issued by the
Minister of Public Works and Transport in order to conduct the technical investigation. An
investigator-in-charge (11C)* was designated in the same decree to lead and initiate immediately
the investigation. As per Annex 13 provisions, the USA as State of Manufacture, and Ethiopia as
State of the Operator/Registry, were invited to appoint accredited representatives and to be
associated with the IC.

Following the existence of a Memorandum of Understanding between the French Bureau
d’Enquétes et d’Analyses (BEA) and the Lebanese DGCA, the BEA was also invited to assist
the Lebanese authorities to conduct the investigation.

The Investigation Committee composition was as follows:

Lebanon — State of occurrence

France — Technical Advisor to the State of Occurrence
Ethiopia — State of Reqistry / Operator

USA — State of Manufacture

Two working groups were formed as follows:

e Operations
e Engineering & Maintenance

A Sea Search & Rescue (SSR) team was formed by Lebanese Army in conjunction with the
Ministry of Public Works & Transportation. All Sea Search & Rescue operations were
conducted in full coordination with the IC including daily briefings given by the SSR team to
the members of the IC.

As per the Lebanese Government decision and in accordance with the Memorandum of
Understanding (MOU) signed between the Lebanese DGCA and the French BEA, the DFDR
and CVR were read at the BEA facilities at Le Bourget, near Paris, France. Both recorders were
transported directly to the BEA under the custody of the State of Occurrence accompanied by
members from the IC and readings were performed by BEA personnel in association with and
under the direct supervision of the IC.

It was also decided that media relations till the release of the final investigation report were to be
handled by the Lebanese Minister of Public Works & Transportation with factual data and
information relayed through the 11C directly to the Minister.

2 Dr. Hamdi Chaouk was appointed as 11C in January 2010. He was replaced as 11C by Captain Mohammed
Aziz, Ph.D., as of January 2011.
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1. FACTUAL INFORMATION
1.1 History of Flight

On 25 January 2010, the accident airplane departed BRHIA, Beirut, Lebanon, as Ethiopian
Flight 409 (ET 409), destined for ADD, Addis Ababa, Ethiopia.

The following chronological history of flight was reproduced from verified data retrieved from
the aircraft DFDR and CVR, in addition to verified data from Air Traffic Control (ATC)
recordings and radar transcripts. Eye witness reports and interviews have also been considered.

During the pre-flight preparation phase the crew was heard on the CVR discussing various
operational issues within the crew and with the ground personnel. They were also heard
receiving the ATIS on VHF and conducting the appropriate briefing and checklists. In addition
to these operational issues, the crew was heard discussing their lay-over stay in Beirut and the
meal which could have affected the quality of their sleep prior to operate the flight. However,
their tone of voice and discussions were normal during that phase. The captain was also heard
confirming that this was his first flight into Beirut.

Once boarding was finished and at time 00:30:49 the Flight Crew of Ethiopian Flight 409
received and read back the IFR clearance for a departure via LATEB 1 D* with an initial climb
to 3000’. Between 00:30:14 and 00:30:29, ATC — Ground issued taxi instructions to ET 409. ET
409 was then handed over to the ATC - Tower frequency 118.90 and the Flight Crew advised
the Tower controller that they were taxing on Lima .The Tower gave the clearance to line up
runway 21 and report ready for departure.

At time 00:35:36 the Tower controller cleared Ethiopian 409 for takeoff and amended the
departure clearance with an instruction to make an immediate right turn to CHEKA®. The Flight
Crew read back the clearance. At 00:36:33, the takeoff thrust was set and N1 value reached
90%. The recorded FMC data showed an airspeed selection of 170 kts, an altitude selection of
3000’ and a flaps setting at 5. Both Navigational Display (ND) ranges were set to 10 miles; the
captain’s display showed “Weather” while the F/O display showed “Terrain”. The stabilizer that
was recorded on the DFDR was approximately 5.94 units at the start of the takeoff roll.

During the take-off roll and as the aircraft was accelerating towards 80 Kts, sound similar to
interferences on the radio were recorded and heard on the CVR. The captain was then heard
saying (in Ambharic) “do you see that?” 3” later, the F/O was heard on the CVR saying “eighty
knots ”.

The rotation was initiated at time 00:37:08 and lift off recorded 7” later. The computed airspeed
was 145 kts at rotation and 166 Kts at the time the main gear liftoff. The landing gears were
retracted at 00:37:20 and at 00:37:35 sounds consistent with the trim wheel turning were
recorded and heard on the CVR. The DFDR records did not show at that time any commanded
trim input; however, it recorded an increase in nose up Pitch Trim (TU) from 5.9 to 6.1 units
between 00:37:35 and 00:37:36, the recorded speed at that time was 171 Kts. The captain called

® The Lateb 1 D SID is attached as Appendix L to this report

* Chekka is a VHF Omni-directional Range (VOR) navigational facility located 31 miles North East (016°) of
BRHIA
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“NAV, Heading Select rather”, the F/O replied “Heading Select”. A continuous pull back force
on the control column was recorded throughout that period.

At time 00:37:39 the Tower controller instructed ET 409 to turn right initially heading three one
five. The Flight Crew replied “three one five, roger.” The heading selection on MCP changed at
00:37:49 from 210° to 315°. At time 00:37:51 the captain called “N one flaps one speed, flaps
up speed rather”, 10 which the F/O replied by “roger”. At time 00:37:59 the MCP airspeed
selection increased from 150 Kts to 216 Kts and a right wheel input was commanded while the
pull back force was still recorded on the control column. The aircraft was passing 1450°.

At time 00:37:57 and 00:38:02 sounds consistent with trim wheel turning were recorded and
heard on the CVR. The DFDR data show at the same time two separate pilot commanded nose
up trim inputs for 1” each time. The DFDR recorded an increase in pitch trim from respectively
6.1 to 6.4 units and from 6.4 to 7.0 units and an airspeed of 173 Kts at 00:38:02. The continuous
pull back force on the control column that had been recorded since take-off was released at that
time.

At time 00:38:03 the F/O called “N one flaps up speed”, the speed at that time was increasing
through 174Kts. 4” later the Tower instructed ET 409 to contact Beirut Control “nineteen three”
and at 00:38:10 the captain ordered Flaps 1. A sound consistent with a flap lever movement was
recorded and heard on the CVR. The DFDR recorded 8” later the flaps at detent 1. During that
time no inputs to the control column, the wheel or the pedals were recorded on the DFDR. The
aircraft continued on a right turn and the speed was increasing. At 00:38:13, sounds consistent
with trim wheel turning were recorded and heard on the CVR. The DFDR recorded at the same
time a speed trim® commanded nose up trim input for a period of 2”. It also recorded an increase
in pitch trim from 7.0 to 7.6 units and a speed of 192 Kts increasing at the beginning of that
period.

At time 00:38:17 ET 409 contacted Beirut Control passing 2000°. The crew received and read
back the clearance to climb to flight level 290 and the altitude was selected on the MCP. The
aircraft was still on a right turn when at 00:38:22 sounds consistent with trim wheel turning were
heard on the CVR. The DFDR records did not show at the same time any commanded trim
input; however, it recorded an increase in pitch trim from 7.6 to 7.7 units at time 00:38:23, the
recorded airspeed at that time was 206 Kts. The same sounds were heard again on the CVR 7”
later, the DFDR records show at that time a speed trim commanded nose up trim input resulting
in an increase in pitch trim from 7.7 to 7.8 units. The DFDR recorded airspeed at the time was
209 Kits.

The captain commanded “flaps up” at 00:38:31 and the F/O confirmed “Roger flaps up”. A
sound consistent with flap lever movement was recorded and heard on the CVR and the DFDR
records show that the flaps were retracted.

At time 00:38:35 Beirut Control advised ET 409, “Sir, I suggest for you due to weather to
follow heading two seven zero to be in the clear for fifteen to twenty miles then go to CHEKA
and it’s up to you, just give me the heading”. At that time the aircraft was still on a right turn
and the roll angle had reached more than 35° triggering an automatic “bank angle” call recorded
on the CVR at 00:38:41; the same automatic call was also heard at 00:38:43. At 00:38:44,

® The 737-800 stabilizer trim can be activated either through pilot electrical or manual command input, or under
certain conditions it could be automatically triggered through the speed trim function. For full information on
the subject refer to Appendix M.

Investigation Report - ET 409 Page 22



sounds consistent with trim wheel turning were recorded and heard on the CVR. The DFDR
recorded simultaneously a pilot commanded nose up trim input for a period of 3” while at the
same time maintaining a control column push of 2° in the nose down direction. This resulted in
a recorded increase in pitch trim from 7.9 to 8.7 units along with an airspeed of 196 Kits.
(Beyond that point, no stabilizer trim manual command was recorded on the DFDR).

At time 00:38:48, the captain was heard on the CVR enquiring “two one say again?” and the
F/O asking the Tower “confirm heading two one zero?” The aircraft heading at the time was
beyond the selected 315° and reached a maximum recorded value of 003°.

Beirut Control replied “Ethiopian 409, Sir, negative to proceed direct CHEKA, sir, turn left, fly
heading two seven zero”. The captain asked “left heading two seven zero?” and the F/O replied
and read back ‘“roger, left heading two seven zero”. The heading selection on the MCP
decreased to 270°and the F/O confirmed to the captain “two seven zero is set”. This was
associated with a sharp left wheel input of approximately 40° commanded by the crew which
resulted in a roll angle of 45°, reaching a maximum of 64° left and triggering 5 automatic “bank
angle” calls recorded on the CVR between time 00:39:01 and 00:39:30. This left wheel input
was followed by a right wheel input of 37° which initiated a roll back towards wings level. As
the airplane was returning towards wings level, the speed was increasing and the column push
was relaxed; the airplane began to pitch up and slow down. The airspeed had reached 243 Kits at
00:39:43 before starting to fall back. Sounds consistent with heavy rain were heard on the CVR
during that same period. The aircraft altitude at that time was 4320’ and the calculated
temperature at that level on that day was +03° centigrade. Engine anti-ice selection was not
recorded throughout the flight and no call for such a selection was heard on the CVR.

At time 00:39:40 the captain was heard saying in Amharic “OK, engage autopilot”. However,
the DFDR data does not show any engagement of any auto-pilot throughout the flight. At the
time of the call the DFDR shows the control wheel was Aft from the neutral position and the
aircraft roll angle reaching 64° left bank with a heading of 237° and an altitude 4320°. During
this time, a column push was also commanded which reduced the pitch attitude to approximately
5°. The column was then returned to neutral and pushed again resulting in the pitch attitude of
12°. The airplane was then returned to wings-level flight at a heading of 204°. However, the
pitch attitude continued to increase and the airspeed continued to decrease without any nose
down column inputs.

At time 00:39:46 ACC issued ET 409 the following instruction: “Ethiopian 409 follow heading
two seven zero, turn right heading two seven zero”. ET 4009 read back “right heading two seven
zero, roger”. The F/O was heard confirming to the captain “fwo seven zero set”. No other
action was recorded in compliance to that instruction.

At time 00:40:01, as the aircraft was crossing 7250 and the recorded airspeed 159 Kts
decreasing, a speed trim commanded nose down trim input for a period of 7 was recorded on
the DFDR associated with a pitch trim decrease from 8.7 to 8.1 units. At 00:40:03, the speed had
dropped to 141 Kts and the stick shaker activated at that same time and remained on for a period
of 27. AOA values were 18° (right) ® and 17° (left). 2” later the aircraft pitch angle reached a
maximum of 38.5° up and the automatic “bank angle” aural warning was heard twice on the
CVR between time 00:40:06 and 00:40:08.

® The left AOA and right AOA are recorded at once per second at different time stamps on the DFDR data
frame. The closest right AOA recorded after 00:40:01 is 18.8°
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At time 00:40:09 & 00:40:13, the captain said (in Amharic) “what is that?”, then repeated in a
louder voice, “what is that?” At that time the aircraft altitude was approximately 7700, the
recorded airspeed was 120 kts, the recorded pitch about 4° up, the AOA values 25.5° (left) and
23.6° (right), and the vertical acceleration is 0.6 g. The maximum AOA values were recorded at
00:40:14 as 32.0° (left) and 30.0° (right).

Then the pitch attitude of the aircraft began to decrease sharply. As the pitch attitude began to
decrease, a left bank angle developed that reached a maximum of 68°to the left. Two “bank
angle” aural warning occurred during the stall followed by right wheel and right rudder
command. As the bank angle began to decrease towards wings level and the pitch attitude began
to drop further, a nose-up column input was made, reaching a maximum of approximately 11°
nose-up as the aircraft pitch attitude passed through zero® at time 00:40:25. The pitch attitude
dropped below the horizon and the airspeed began to increase.

During the period of the stick shaker activation, and between 00:40:16 and 00:40:20, the captain
was heard on the CVR calling “go-around” four times and the F/O replying “roger, go
around”. The throttles were pushed full forward for a short instant then pulled back a little for a
few seconds and then pushed again violently enough to be recorded on the CVR. The auto-
throttle was disconnected. At the same time Beirut Control instructed ET 409, “Ethiopian 409
follow heading two seven zero, sir, follow heading two seven zero, turn right heading two seven
zero now”. To which ET 409 replied, “roger, roger”. Sounds consistent with heavy rain are
heard on the CVR.

The stick shaker sound stopped at 00:40:28. AOA values were 14.9° (right) and 11° (left). The
nose up column input was still maintained associated with a left wheel input of 50° and a right
rudder input of approximately 5° which were maintained for about 20”.

With the airspeed increasing beyond 195 Kts, the speed trim system commanded at time
00:40:25 a nose-up trim input for a period of 12 and the pitch trim increased from 8.2 to 9.3
units. (Beyond that point, no stabilizer trim command is recorded on the DFDR or heard on the
CVR). At time 00:40:30 a control column push was recorded for a few seconds, the speed kept
on increasing and reached a maximum of 238Kts at 00:40:39. The column was then relaxed
towards neutral, and the airplane began to pitch up and slow down again. The airplane altitude
had reached a minimum altitude of about 6000’ and began to climb again. No significant bank
angle changes have been recorded over the next 20” as the airplane continued to pitch up and
slow down while the left wheel input and right rudder input were maintained.

At approximately 00:40:45, the right rudder input was removed while the left wheel input was
maintained. The airplane responded by rolling to the left while it continued to pitch up and slow
down. The captain noticed that speed trend and was heard on the CVR saying at time 00:40:48
“the speed is dropping”, the F/O replied (in Amharic) “speed is going down” and the captain
immediately said (in Amharic) “OK, try to do something”. At that moment the DFDR shows
the speed dropping through two hundred knots. The pitch attitude increased to a maximum of
31° before beginning to pitch down. The airplane continued to roll left past 35°. The “bank
angle” aural warning was recorded twice at 00:40:52 and 00:40:54 followed by a right wheel
and right rudder command at time 00:40:57.

At time 00:40:56 the stick shaker activated again for a period of 26” while the airplane
continued to roll left, eventually reaching 75° of left bank; the AOA values were 14.4° (left) and
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13.5° (right); the AOA reached its maximum value of 26° at 00:41:09. A full left wheel was
commanded while the right rudder input was maintained. A nose-up column was commanded
and gradually increased over the next 17” while the airplane pitched down. Between 00:40:59
and 00:41:08, the altitude stabilized at about 9000 feet. The airspeed reached 150 kts. At
approximately time 00:41:08, the wheel returned to neutral and the rudder was commanded 3°
left; the bank angle continued to increase to the left.

During this time, Beirut Control called “Ethiopian 409, Ethiopian 409 you're going to the
mountain, turn right now heading two seven zero”. The crew did not respond verbally, but
rather activated the microphone for approximately 3” as recorded on both the CVR and the ATC
Control tape.

At time 00:41:14, with the wheel and pedal inputs near zero, the airplane continued rolling to the
left the roll angle reached a maximum value of 118.5° with a pitch attitude of 48° nose-down.
The recorded airspeed at that time was 228 kts increasing and the altitude about 7370 ft
decreasing. Over the next 10”, as the pitch attitude reached 63.1° nose-down, large left and right
wheel inputs were made, and the bank angle decreased to between 35° and 75° to the left.

The stick shaker stopped at time 00:41:22. The AOA values were 18.6° (left) and 18.1° (right),
the recorded airspeed was 283 kts increasing and the altitude about 5110 ft decreasing. Right
wheel input was made with left rudder input.

Immediately after, at 00:41:26, sounds similar to over-speed clacker were heard on the CVR
followed by an additional loud sound as the CVR recording stopped just before 00:41:30.

The DFDR last recorded data was at time 00:41:28 and it shows an airspeed of 407.5 knots
(above the maximum dive speed of 400 Kts), an altitude of 1291 ft rapidly decreasing together
with a pitch of 32.2° airplane nose down, a left bank roll angle of 61.5°, 3.75 G and engines
number 1 & 2 at respectively 93.6% and 93.4% N1 .

Between 00:41:28 and 00:45:10 Beirut Control made several calls to ET 409 with negative
response. The AT|C immediately activated the emergency response plan.

No indication of the aircraft being hit by a lightning strike was recorded on the CVR or any
interference affecting the flight instruments recorded on the DFDR, apart from the short
interference recorded during the take-off roll, prior to the aircraft reaching 80 Kts.

Throughout the time the aircraft spent in the air, the DFDR recorded the control column steady
in neutral position between time 00:38:05 and 00:38:41. It also recorded the control wheel
steady in neutral position between time 00:38:05 and 00:38:40 and the rudder pedal in neutral
between 00:38:05 and 00:39:05. Apart from these periods, the control column and the control
wheel were always recording variable pressure from the crew, as well as the rudder pedals,
which was continuously used, sometimes in opposite direction to the control wheel inputs.

The standard call “After- Take-off checklist” done by the PF, as stipulated in ET Normal
Operations (FCOM v.1, NP.21.42), was not heard on the CVR; neither were the checklist items
carried by the PNF heard on the CVR.

Eye witness reports including a Tower controller reported seeing “a light”, “an orange
explosion”, “a ball that lasted 2-3 seconds”, or a “ball of fire” around the time of the accident.
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The following two figures developed by the French Bureau d’Enquétes et d’Analyses (BEA)
reproduce the entire flight horizontal and vertical tracks as derived from the DFDR data:

Figure 1: ET 409 horizontal tracks
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Figure 2: ET 409 vertical tracks

1.2 Injuries to Persons

Injuries Crew Members Passengers Others
Fatal 8’ 828 0
Serious 0 0 0
Light/none 0 0 0

! Including 1 IFSO listed on the passengers’ manifest with a coded name
® Including 2 children
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1.3 Damage to Aircraft

The aircraft was completely destroyed.

1.4 Other Damage

Not applicable.

1.5 Personnel Information

1.5.1 Flight Crew

The flight crew consisted of the captain and the first officer. Five flight attendants and an In-
Flight Security Officer (IFSO) were also on duty aboard the airplane. All crew were certified in
accordance with the ECAA requirements.

1.5.1.1 Captain

Male, according to records provided by Ethiopian Airlines, he joined the company on 27
January 1989 and started operations on agricultural spraying aircraft. He then flew as co-pilot on
DHC 6, B 737-200 and B 757/767 type aircraft prior to be promoted to captain on Fokker 50 in
2008.

He holds an Ethiopian ATPL number AA 333, issued 10 June 2008, showing the date of birth as
17 October 1965 and ratings as PIC for Multi-Engine Land on 22 December 1988, for Single
Engine Land on 4 January 1989, for Fokker 50 on 10 June 2008 and for Boeing 737-700/800 on
16 October 2009. It also shows ratings as co-pilot for DHC 6 on 31 December 1998, for B 737-
200 on 23 July 2002 and for B757/767 on 4 September 2003.

According to records provided by Ethiopian Airlines the captain completed company command
training and was released to operate solo as PIC on F-50 as of 7 July 2008. He also completed
company training consisting of 120 hours of ground school, 56 hours of simulator and 1 hour of
base training prior to commence and then complete his route training and be released to operate
solo as PIC on B737-700/800 type aircraft on 3 December 2009. His last recurrent/type rating
training was satisfactorily completed on 14 October 2009 and last proficiency check was
satisfactorily completed on 15 October 2009. His last CRM was done on 11 December 2007 and
the last Adverse Weather and Upset Recovery training done on 15 December 2007. His total
flying experience is 10,233 hours including 3,718 hours as PIC of which 2,488 hours are on
different light and spray aircraft, 1,042 hours on Fokker 50 and 188 hours acquired since his
release to operate solo as PIC on B 737-700/800, 51 days prior to the accident.

Records provided by Ethiopian Airlines show his flying hours in the previous 6 months as 340
hours, 3 months as 236 hours, 30 days as 99 hours and 24 hours as 4.7 hours. His most recent
medical certificate was issued on 25 November 2009 and he was found to be medically fit to fly
in accordance with the standards specified in ICAO Annex 1, "Medical Standards and
Certification."

Investigation Report - ET 409 Page 28



The Captain arrived in Beirut, Lebanon on the early morning (around 01:30 LT) of 24 January
2009 while serving as PIC on Ethiopian Airlines flight 408. That was his first flight into
BRHIA.

Interviews conducted with the captain’s superiors, trainers and Next of Kin (NoK) revealed that
he had a nice personality, was very polite, open to take criticism, healthy, did not smoke or drink
alcohol, was keen on reading and sports and had many sports equipment in his house. Records
provided by Ethiopian Airlines do not show any reported sickness or any medical surgery. The
only medication he was having was related to a hair fungus treatment.

1.5.1.2 First Officer

Male, according to records provided by ET, he joined the company on 16 January 2009. He
holds an Ethiopian Commercial Pilot license number AC 1012, issued 7 April 2009, showing
the date of birth as 16 September 1986 and ratings for Single Engine Land on 7 April 2009 and
for B 737 700/800 on 25 June 2009. He held a first-class ECAA airman medical certificate with
no limitations or restrictions, dated 11 June 2009.

According to records provided by ET, the First Officer graduated from Ethiopian Aviation
Academy on 15 January 2009 and was transferred to the ET Flight Operations Division on 16
January 2009. His initial operation training consisted in part of 80 hours course in Jet
Conversion, 60 hours of Basic Instrument Flying (Simulator) completed on 16 March 2009 and
Adverse Weather Upset Recovery training done on 12 March 2009. He completed company
training on B737-700/800 consisting of 120 hours of ground school, 60 hours of Simulator, 1
hour of base training and 64 hours of route training and was fully released to fly solo as First
Officer on B737-700/800 on 30 August 2009. His most recent re-currency and proficiency
checks were satisfactorily completed respectively on 16 and 17 December 2009.

His total flying experience was 673 flying hours, of which 350 were as released First Officer on
B737-700/800 type aircraft. The records show his total flying hours in the previous 6 months as
394 hours, 3 months as 178 hours, 30 days as 56 hours and 24 hours as 4.7 hours.

The First Officer arrived in Beirut, Lebanon on the morning (around 01:30 LT) of 24 January
2009 while serving as First Officer on Ethiopian Airlines flight 408.

Interviews with the F/O superiors, trainers and friends revealed that he had a nice personality,
was a good student who graduated among the best 6 in the Flight Academy. He had good family
life and relations, no particular medical conditions, save for an appendectomy at some point, an
occasional/social smoker who loved his company and carefully prepared his flights. One of the
pilots who trained the F/O and flew with him described him in the following terms: “he seemed
like a senior FO on his callouts and performance in flight, he says what he needs to say, he was
not the quiet type and | was surprised on the CVR?. ”

1.5.2 Cabin crew

According to records provided by ET, the cabin crew consisted of 5 female flight attendants. All

® That pilot was one of the technical advisors to the Ethiopian accredited representative, he had listened to the
CVR in that capacity and helped in the translation of the Ethiopian words during the 2™ listening session at the
BEA.
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5 cabin crew were fully licensed in accordance with the provisions of the ECAA.
153 IFSO

The IFSO was seated in the front passengers’ cabin amongst the passengers. He was counted for
the load-sheet as a passenger and listed on the passengers manifest under a coded name.
However, he was listed on the Crew General Declaration (GD) and his official status on board
was “extra-crew”. The IFSO was licensed in accordance with the provisions of the ECAA
national regulations after completing the appropriate AVSEC courses and was authorized to fly
on board of Ethiopian airplanes in the capacity of IFSO sitting and mixing with the regular
passengers.

1.5.4 ATC Controllers

ET 409 was handled by 3 ATC services: ATC Ground for initial departure clearance, push-back
and taxi, ATC Tower for take-off clearance and initial climb, and ATC Control for the
remaining part of the flight. According to records provided by the BRHIA Navigation Section,
all ATC controllers that dealt with the accident aircraft were properly licensed in according to
LARs.

1.6 Aircraft information

The aircraft was owned by CIT Aerospace International Corporation. It had been operated by an
Irish operator from its entry into service in 2002 until April 2009. Ethiopian Airlines had
operated the aircraft since September 2009. The aircraft was configured to seat a maximum of
16 first class, and 138 economy-class passengers and also to carry cargo™®.

1.6.1 Airframe

Manufacturer Boeing

Type B737-800

Serial number 29935

Entry into service February 2002

Change of registration ET-ANB (11 September 2009)
Certificate of registration 12/09/2009

Registration ET-ANB

Certificate of Airworthiness valid until 11/9/2010

Utilization till 24 January 2010 26,459 flying hours and 17,823 cycles
1.6.2 Engines

Manufacturer: CFM International

Type: CFM56-7B27

19 Refer to cabin map inserted as Appendix A
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Engine No. 1 Engine No. 2

Serial number 890932 890963
Engine time since new 18,110 18,137
Engine cycles since new 11,728 11,757

1.6.3 Weight and balance

The weight and balance form for the event flight was provided by ET and listed a gross takeoff
weight of 70,443 kg (155,300 Ib). This is consistent with the gross weight that was recorded on
the DFDR.

The engine N1 that was applied during takeoff was consistent with a 22k de-rate thrust setting™.
With a 22k de-rate thrust setting, a weight of 70,443 kg (155,300 Ib), and a center of gravity of
18%, the Airplane Flight Manual (AFM) for ET-ANB defines the recommended takeoff
stabilizer as approximately 6.9 units. The event weight and balance form listed the stabilizer
setting as 5.26 units'?. This is 1.64 units in the airplane nose-down direction beyond that
recommended in the AFM. In addition, the stabilizer that was recorded on the DFDR was
approximately 5.94 units at the start of the takeoff, which is still within the certified range for
take-off (green-band range).

1.6.4 Condition of the aircraft before departure

No defect or deferred maintenance item was reported on the technical log after the arrival and
before departure of the plane from Beirut.

1.6.5 Maintenance operations follow-up

The last four months of the maintenance records were examined within the framework of the
investigation.

Ethiopian Airlines have conducted two maintenance checks since the introduction of ET-ANB
to the fleet on 12 September 2009. The first check, conducted during November 20-22
timeframe, included a ‘2A’ and a ‘3A’ check. The second check, conducted during the
December 24-25 timeframe, included a ‘1A’ and a ‘4A’ check.

Transit checks are conducted after each flight segment and include review of the technical log
for any discrepancies noted during the flight. A flight mechanic may be included with the Flight
crew for stations with no Ethiopian airlines ground personnel. There was no flight mechanic on
board the accident flight as Ethiopian airlines has a technical station engineer stationed in
Beirut.

Daily checks are completed prior to the first flight of the day and include routine examination of
the serviceability of the airplane for the day’s flights.

1 While the “Notes for the CG Limits” mentioned on the ET 409 Balance Chart (refer to Appendix V) only
shows ratings of 24K, 26K and 27K, Appendix 2 of the Airplane Flight Manual (AFM-D631A001.8AS4)
ag)plicable to the accident plane includes provisions for the 22K trust rating.

12 Refer to Appendix V for a copy of the Load-Sheet
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Weekly checks are similar to daily checks however include more detailed tasks and are
conducted on 50 flight hour intervals. Documentation is retained only for the most recent
checks; older check documents are destroyed per the Ethiopian documentation retention policy.

As pertinent to the accident airplane, Ethiopian airlines conduct ‘block’ checks. There are ‘A’
checks (system zonal and structural), each with a defined interval of flight hours and cycles.
Typical ‘A’ checks include a general visual inspection of the airframe components (systems and
interior components), filter changes, general visual inspection (including baroscopic) of the
engines, etc...

A review of the maintenance records for the above mentioned ‘A’ checks denoted activities
associated with airplane preparation (panel access), routine maintenance actions (filter changes,
engine oil and hydraulic fluid quantities, etc...), and results of inSpection items. Inspection
items are noted either as ‘no finding” or ‘finding’ with a reference to a non-routine task card
which outlines the anomalous finding and the corrective action taken. All items are signed by
both the mechanic and the inspector.

A summary review of all non-routine findings from both the November and December checks
noted no significant airframe component issues or interior component issues.

Ethiopian airlines are also certified for ‘C’ checks. There are ‘C’ checks (system zonal and
structural) and, like ‘A’ checks, are in ‘blocks’. ‘C’ checks are conducted on an interval of flight
hours and cycles. Such checks include detailed airframe and component checks. The accident
airplane had not been subject to a ‘C’ check whilst being operated by Ethiopian airlines as it was
not due for one.

The engines logbooks and the airframe and engines airworthiness directives (AD) status were
also examined and did not reveal any significant anomalies.

1.7 Meteorological Information

The Lebanese Civil Aviation Authority reviewed the data from the Lebanese Meteorological
Services that was collected on 25 January 2010 after the accident. Meteorological data revealed
some significant meteorological conditions in the area at the time of the accident. Relevant
meteorological documents are included in Appendix B of this report.

1.7.1 General meteorological situation

At the time of the accident, there was thunderstorms activity southwest and west of the field, as
well as to the northwest and southwest on the localizer path for runway 16.

1.7.2 Local meteorological situation

The meteorological conditions at the airport were fair and the surface wind recorded at the take-
off time was calm, no rain over the field and visibility 8 km. Few CB clouds was recorded at
2000 feet and scattered clouds at 2600 feet.

METAR and TAFOR reports indicate significant meteorological conditions were in the area
South West, North West and North East of the airport with isolated CB and thunderstorm
activities beyond 10 km from the airport. The D-ATIS was transmitting the METAR. Reports
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from arriving traffic at the time of the accident confirmed the reported meteorological
conditions.

A SIGMET number 03, valid 242020/250220 was also issued by the Met office. The SIGMET
stipulated “Beirut FIR TS OBS and over OLBA FIR top CB ABV FL 250 moving NE”. The
ATIS weather information transcript is found in Appendix B and was heard by the Flight Crew
prior to start-up.

1.7.3 Information collected by the crew

A weather package which includes the METAR, TAF of the departure airport and airports along
the flight plan route, wind/temperature charts for FL300, 340 and 390 and significant weather
chart for FL100-450 was delivered to the handling agent who acknowledged relaying the same
to the ET 409 operating crew. SIGMET number 03, valid 242020/250220 was also issued by the
MET office and made available to flight crews through VOLMET.

1.8 Aids to Navigation

The Lebanese Civil Aviation Authority reviewed that the Primary and Secondary radars,
including the weather function, were checked and verified for accuracy. All systems tested
normal. No other navigation aids were reported to be abnormal.

1.9 Communications

ET409 has been in contact consecutively with the ATC Ground controller (Ground), the tower
controller (Tower) and the radar controller (Control). All communication between ET 409 and
the 121.9 Ground, 118.9 Tower, and 119.3 Control and Emergency frequency 121.5, have been
recorded by the ATC facilities and on the CVVR and have been used to produce this report.

1.10 Aerodrome Information

BRHIA, (OLBA) is an international airport with a field elevation of 85> MSL. It is located on
the western Lebanese sea shore line to the South of the city of Beirut. The area surrounding the
airport is composed of the Mediterranean Sea to the West, the city of Beirut to the North and the
mountains of Lebanon to the East. These mountains reach a height of more than 3,000 feet less
than 5 NM East and 6900 feet 13 NM East.

Due to this constraint, no departure or approach is allowed from the East. Furthermore, due to
the area as of 15 NM South of BRHIA is a military restricted area; no approach to BRHIA is
allowed from that area. This leaves a window of opportunity for arriving and departing traffic
between a westerly heading and a bearing of 016° from BRHIA to Chekka VOR on the
Northern Lebanese sea shore line. All departing and arriving traffic should be channeled through
that area.

The airport has three runways:

e Runway 03-21 is 12, 467’ long, 3,800 meters.
e Runway 17-35 is 10,663’ long, 3,250 meters.
e Runway 16-34 is 11,138’ long, 3,395 meters.
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Runways 03, 16, 17 are served by an Instrument Landing System (ILS). An Airport lay-out map
is included in this report as Appendix C.

The airport is also served by a primary Raytheon Radar system, ASR-10SS and a Secondary
radar system, MMSR Condor, MK-2 with automatic Auto tract 2 Display and weather display.
All radars and equipment were fully operational on the night of the accident.

1.11 Flight Recorders

The DFDR was recovered from the Mediterranean Sea by the Lebanese Navy divers and turned
over to the IIC in presence of members from the IC on 7 February, 2010. The DFDR was
immediately packed in water to prevent/delay the onset of corrosion and transported to the BEA
laboratory in Paris France under the custody of the 11C accompanied by a Lebanese and an
Ethiopian IC members.

The CVR chassis was recovered from the Mediterranean Sea on 10 February, 2010 but was
missing the Crash Survivable Memory Unit (CSMU). A thorough hand search of the sea bed
was then carried out the Lebanese Navy divers who finally succeeded in retrieving the CSMU
and handing it over to the D/ICC in the presence of members from the IC on 16 February. The
CSMU was immediately packed in water to prevent/delay the onset of corrosion and transported
under the custody of the D/IIC and an Ethiopian member of the IC to the BEA laboratory in
Paris France, for readout on 16 February, 2010. A second readout was also conducted at the
BEA on 17 September 2010 in the presence of members from the IC in order to validate more
data.

1.11.1 Digital Flight Data Recorder (DFDR)

The DFDR installed on the accident airplane was a Honeywell Aerospace Electronic SSFDR,
Make & Model Allied Signal 4700, P/N 980-4700-042, and S/N 3986. This model records at
least 25 hours of flight data on a solid state memory. The opening and read-out operations were
performed following BEA procedures and Honeywell “Reference Procedure for SSFDR Data
Recovery after an Incident or Accident” document. The memory extraction operations were
successful and videotaped.

The CSMU was attached to the chassis. The chassis was damaged but the CSMU was in good
condition. A complete set of accident flight data, from take-off through the last recorded DFDR
parameters was prepared. There were 1000+ parameters available for the analysis.

Flight performance parameters recorded by the DFDR included but were not limited to the
following: pressure altitude; airspeed (computed); engine N1; pitch; roll; heading; AOA (Angle
of attack — both left and right sensors); normal (vertical), longitudinal, and lateral acceleration
(load factors); left and right elevator positions; left and right aileron positions; left and right
trailing edge flap positions; rudder position; horizontal stabilizer position, stabilizer trim
operations and stick shaker activation (both left and right stall warning systems). In addition, the
DFDR recorded speed brake handle position, both left and right throttle resolver angles,
autopilot engagement/disengagement, engine low oil pressure, and engine fuel cut signals. A
graphical plot of essential parameters is included in this report as Appendix D.
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Figure 3: ET 409 DEDR

A trajectory was computed based on the “LATITUDE POSITION” and “LONGITUDE
POSITION” parameters recorded on the DFDR. These parameters, recorded every 4 seconds,
generated to represent this trajectory starting at 00 h 30 min until the end of the DFDR recording
at 00 h 41 min 28 s. These files are published in this report as Figures 1 and 2. Another file was
generated to represent the flight trajectory in 3D and is published in this report as Figure 11.

Initially, there was a concern related to the DFDR data for the Captain and the F/O control
inputs, as many of the control inputs registered by the DFDR as F/O actions were known to have
been accomplished by the Captain and vice versa. The issue at hand involved a software revision
for the Digital Flight Data Acquisition Unit (DFDAU) and is addressed in details in section 3 of
the M-Cab session report appended as Appendix K to this report. Nevertheless, tests and
research discussed in section 3 of Appendix K confirmed “that the pilot in the left seat was
flying during the event ”.

1.11.2 Cockpit Voice Recorder (CVR)

The CVR installed on the accident airplane was a Honeywell Electronic Systems SSCVR Make
and Model Honeywell 6022, P/N 980-6022-001, S/N 05449. The CSMU of the CVR exhibited
P/N 617-6096-006, S/N 8922. This model records at least 2 hours of flight on a solid state
memory.

The CVR unit chassis exhibited external and internal structural damage with the CSMU
detached from the chassis; the CSMU was in good condition. The opening, extraction of the
double memory board from the CSMU and the read-out operations were performed following
BEA procedures and Honeywell “Reference Procedure for SSCVR Data Recovery after an
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Incident or Accident” document. The memory extraction operations were successful and
videotaped.

The CVR recording consisted of five audio files identified as follows: 3 files containing at least
30’ of recording of Captain, First Officer and PA, everyone mixed with VHF communication
channels 1, 2 & 3; 1 file containing a mix of at least 2 hours of recordings of the 3 tracks
described above; and 1 file containing at least 2 hours of recording of the CAM.

The quality of the audio information recorded by the CAM was good. Synchronization with the
DFDR was performed using VHF communications recording on the DFDR allowing a
preliminary transcription. Nevertheless, 1 memory chip (presumably U16, on which a crack was
visually detected) out of 24 memory chips was still unreadable and prevented getting the full
audio CAM track, creating a gap of 10” of missing recording on the CAM channel
approximately every 4 minutes. An attempt to recover these lost 10” was carried out at the BEA
and is addressed in section 1.16 of this report.

The CVR recording was heard a first time on 17 February 2010 and a preliminary transcript
developed in the presence of BEA personnel, Lebanese, USA and Ethiopian members of the IC
and Captain Haile Belai as an independent expert requested by the Lebanese party to translate
the Amharic conversation recorded during the event.

A second hearing of the CVR was conducted on 17 September 2010 at the same BEA location
in the presence of BEA personnel, Lebanese, USA and Ethiopian members of the IC. Amharic
conversation was translated by Captain Gedlu Melesse and Captain Tensae Berhanu from
Ethiopian Airlines. The purpose of that hearing was to cover in more details the discussions that
occurred during the pre-flight phase.

Figure 4: CVR Chassis
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Figure 5: CVR chassis with CSMU

1.12 Wreckage and Impact Information

1.12.1 Recovery Operations

The airplane wreckage was located in debris field about 300 meters long and 100 meters wide
centered about a latitude of 33° 44.6” North and a longitude of 035°24.58" East on a heading of
210° magnetic. The water depth in this area was approximately 45 meters.

About 8% of the airplane was recovered during the initial recovery operations, which began
along with the S&R operations and continued till the morning of 25 January and ended on 19
February 2010.

The largest pieces found consisted of the tail section including the horizontal and vertical
stabilizer and aft fuselage section extending forward to the #2 left entry door. These sections
were found at the north eastern portion of the wreckage field.

A number of pieces of floating wreckage were recovered from the water’s surface near to the
last recorded radar point and to various distances north east of that point. One of these pieces
was the winglet panel that was identified by the logo paint scheme and by the part number
located on the interior surface. This panel was from the side lower closeout panel at the wingtip
as shown in figure 6. That part is of composite material. It was found floating near the beach of
Beirut, about 8 NM NE of the impact site.

Many evaluation visits to examine the wreckage were conducted by the Airworthiness Group.
They included a thorough examination of the left and right elevators shown in figures 7 and 8.
As a result of these visits, the Group also recommended to the IC to further evaluate the
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stabilizer trim tab and black soot detected near the APU exhaust. The IC approved these
recommendations and both parts were sent for further evaluation through the NTSB as described
in section 1.16 of this report.

Figure 6: Winglet Panel and its installed location

1.12.2 Identification of the floating items recovered

As of 4 February 2010, 97 pieces of debris were recovered and recorded by the Lebanese Navy.
The debris consisted of airplane interior and exterior items as well as items not belonging to the
airplane. The following observations were made:

Identified interior components:

e Two bulkheads associated with lavatories (sink & toilet). One tentatively identified as
from the forward section of the airplane. The other then must be from the rear section of
the airplane (it is equipped with one fwd and two aft lavatories)

Galley floor mat (rubber)

Miscellaneous interior floor panels (location in airplane not identified)

A number of seat covers and cushions from first and economy class

Crew oxygen cylinder (valve installed but stem broken off)

One escape slide and two life rafts (independent from escape slides)

Identified exterior components:

e One winglet upper portion (fractured approximately 2/3 way towards the attach point).
Logo on both sides of winglet.

e AJ/C pack door

e NLG door (partial) — left side
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e Two composite panels from vertical stabilizer (with logo paint)
e 1 MLG wheel + tire (inflated)
e Portion of elevator and elevator tab

General observations of wreckage:

e Significant impact damage to most components as there is a high degree of
fragmentation. Most components were not found fully intact

e Identified seats consisted mainly of loose padding and covers. No seat structure was
identified

e No observed damage consistent with heat/ soothing/ smoke. Components appeared clean
except for some black soot traces found around the APU exhaust which are addressed in
section 1.16 and analyzed in the analysis part of this report.

Figure 7: Left Elevator

Figure 8: Right Elevator
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1.12.3 Additional wreckage observations
Based on underwater video recorded from a ROV, the following was observed:

e Aft fuselage section extending from the # 2L passenger door to approximately the rear
pressure bulkhead

e Vertical Stabilizer (composite rudder missing)

e Horizontal Stabilizer (centre section & both stabilizer surfaces with approximately 1
meter missing from each end)

e Trailing Edge Flap portion

e Portions of the forward fuselage cockpit section (cockpit window frames and structure)

The horizontal stabilizer section was recovered (during the search for the DFDR and CVR); this
portion was relocated to Beirut Naval Station. The Airworthiness Group has recommended the
removal of the Trim Tab section and sending it to the NTSB for further investigation. That
recommendation was approved by the IC and the Trim Tab analysis is discussed in section 1.16
of this report with he full report attached as Appendix O.

Figure 9: Recovery of the Stabilizer Section

1.13 Medical and Pathological Information

A visual examination of the bodies showed that most of them were severely affected by the high
speed impact with the water. All of the bodies and remains were handed over to the Beirut Rafic
Hariri Governmental Hospital morgue. DNA analysis and a DNA bank were established by the
Medical Authorities to facilitate the positive body identification process.
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The IC has had access to autopsy and body examination data made available by the Lebanese
Ministry of Health, they included 10 full legal medical autopsies of bodies which were found in
conditions allowing this operation to be conducted, and of DNA analysis of all recovered human
remains allowing the identification of all persons who were on board the flight.

All the reports observed through clinical exams the absence of burns, wounds and cyanosis.
Some of them concluded that “the death is the consequence of a violent trauma, with projection
of the passengers against a hard surface, resulting in severe vital lesions that led to immediate
death before the drowning.

Most passengers suffered even more severe physical consequences that did not allow any
autopsy to be carried out. However DNA was extracted from all recovered human remains and
all passengers and crew were identified.

The medical forensic reports concluded that passengers died as a result of “multiple fractures
and contusions with consequent acute hemorrhage and immediate death.”

1.14 Fire

A small section of fuselage which normally surrounds the Auxiliary Power Unit (APU)
remained attached to the inboard side of the left stabilizer. During examination of the recovered
wreckage, the airworthiness team identified a black soot near the APU exhaust. The IC decided
to send that part for examination at the NTSB labs in order to determine its source. The analysis
is discussed in section 1.16 of this report and the result confirmed that the black soot was not
related to excessive heat or fire.

Based on the on-site and lab examination of the recovered wreckage, on the medical and
pathological information and on the under-water pictures and video taken of the remaining
wreckage, there is no evidence of any pre-impact fire.

1.15 Survival Aspects

Beirut Control contacted Beirut Tower to inform them they felt something went wrong with
Ethiopian 409 due to loss of contact. Beirut Control asked Beirut Tower to activate the
emergency response plan.

The alarm bell was activated and the Tower contacted the Fire Fighting and Rescue to give them
information about the airplane with souls on board and possible emergency at 00:43. The
medical department was notified at 00:45. Others were notified in accordance with the chain of
command by 00:47.

A brief description of the S&R operations was prepared by the Lebanese Army Command and is
included in this report as Appendix E.

Due to the vertical and lateral speed at which the aircraft impacted the water, survival aspects in
this accident are irrelevant.
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1.16 Tests and Research

1.16.1 Reconstruction of the aircraft track based on the Radar recorded data

Prior to the retrieval of the CVR and DFDR data, a reconstruction of ET flight path was carried
out by the Lebanese CAA IT technician in synchronization with the ATC transcript data. This is
shown in figure 10 below.
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Figure 10: ET 409 Radar Tracks with ATC transcripts
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Further reconstruction of ET flight path was later on carried out by the Lebanese CAA IT
technician in synchronization with the meteorological office at BRHIA and the ATC weather
data. This is shown in figure 11 below.
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Figure 11: ET 409 Radar Tracks with cloud information

1.16.2 Reconstruction of the aircraft track based on the DFDR recorded data

A reconstruction of ET horizontal and vertical track were developed by the BEA based on the
data retrieved from the DFDR recording. These reconstructions are incorporated as Figure 1 and
Figure 2 of this report. The following Figure 12 reproduces in 3D the flight profile associated

with the major events points.
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Accident occurred on January 25th, 2010
to the Boeing 737-800 registered ET-ANB
operated by Ethiopian Airlines

Note: The data used for the representation of the fiight path
was derived from recorded parameters. See report for details.
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Figure 12: ET 409 Flight 3 D profile

1.16.3 Simulation of the Accident (M-Cab)

Upon the Investigation Committee decision and in cooperation with the NTSB, 3 simulation
sessions were conducted at the Integrated Aircraft Systems Laboratory (IASL) located within
the Boeing facilities in Seattle, WA on September 22-23, 2010. The sessions were conducted in
the Multi-purpose engineering simulator-Cab (M-Cab) in order to simulate the accident based on
the recorded data, to verify if the airplane reacted as expected to the recorded control inputs and
to perform operations that could help during the analysis phase.

All parties participating in the investigation were notified of the dates and invited to participate
in these sessions. Only the USA and Lebanese parties participated. The BEA had advised the
Investigation Committee that it was not necessary for them to attend. The Ethiopian party had
notified the I1C that they will attend but did not show up.

The M-Cab is an engineering simulator that is capable of supporting 707, 727, 737, 747, 767,
777, & 787 Boeing models. The cab itself is a 767 flight deck shell with a generic interior, 2
pilot seats, 3 observer seats, and a wrap-around 180-degree visual system on a 6-degree of
freedom motion system platform. It utilizes a simulation running the same aerodynamic model
as the crew training simulators as well as the desktop engineering simulation which was used in
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the analysis of the event. The cab is able to be run in open-loop mode (normal mode) where the
pilots make inputs in the cab flight deck which control the airplane simulation. However, the cab
is also able to be run in “back-drive” mode where external data are used to drive the simulation
and move the controls in the flight deck. A breakout capability allows cab occupants to interrupt
the back-drive and resume control of the simulator in normal mode. This breakout capability
allows investigators to perform recovery evaluations at various points along the event flight
profile.

During the sessions, 3 back-drive run were conducted, one with dark, 2600’ ceiling conditions to
reproduce the accidents conditions, one with day-light, 2600°ceiling conditions to be able to see
the aircraft behavior in similar cloud conditions and one with day-light and no clouds in order to
see the aircraft behavior throughout the accident. Another 11 run were initiated with the back-
drive and investigators had the opportunity to interrupt the sequence of events and control the
simulator in the normal mode to perform recovery evaluations at various points along the flight
profile. The following table illustrates these 11 M-Cab interrupted runs:

Run  Left Seat Right Seat  Other Occupants Goal/Phase of flight

1 PF - Lebanon Boeing NTSB - Boeing Breakout during initial right
turn to 315°

2 PF - Lebanon Boeing NTSB - Boeing Breakout during left turn
towards 270°

3 PF - Lebanon Boeing NTSB - Boeing Breakout at A/P engage call on
CVR

4 PF - Lebanon Boeing NTSB - Boeing Breakout ~25” into 1% stick
shaker

5 PF - Lebanon Boeing NTSB - Boeing Breakout after 2" stick shaker
activates

6 PF - Lebanon Boeing NTSB - Boeing Breakout after “speed is
dropping” call on CVR

7 PF - Lebanon Boeing NTSB - Boeing Breakout at 118° bank angle fron
left hand seat

8 Lebanon PF - Boeing  NTSB - Boeing Breakout at 118° bank angle fro
right hand seat

9 PF - Lebanon NTSB NTSB - Boeing Breakout after A/P engage call,
& engaging A/P

10 PF - Lebanon NTSB NTSB - Boeing Breakout after A/P engage call,
& engaging A/P

11 PF - Lebanon NTSB NTSB - Boeing Breakout @ 3000 feet in dive,

aircraft reached ~600 ft

Table 1: M-Cab Demonstration Run Log

In all 11 runs where the investigators had the opportunity to interrupt the sequence of events and
control the simulator in the normal mode to perform recovery evaluations, the PF was able to
recover control of the aircraft from every mentioned stage using the standard Boeing recovery
techniques.

The M-Cab sessions report is attached to this investigation report as Appendix K.
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1.16.4 Recovery attempt of the CVR U16 Memory Chip

The I1C had agreed to perform a recovery attempt of the U16 memory chip. In line with
Honeywell documentations and procedures, the CVR board examination was performed in
February 2011 at the BEA Labs in Le Bourget based on the agreed test plan referenced “ET-
ANB CVR action plan / Date of issue November 2nd 2010”.

The test report was issued by the BEA on 5 March 2011 and confirmed the assumption based on
the visual inspection performed in 17 February 2010 that “U16, the memory chip with the crack,
is the non-functioning memory chip.”

The BEA report concluded that: “Based on the external visual inspection and the asymmetrical
results of the electrical characterization, it is very probable that the internal die is cracked and
the data from U16 cannot be retrieved.”

The CVR U16 Memory Chip Recovery Attempt report is attached to this investigation report as
Appendix Q.

1.16.5 Trim-Tab Analysis

The Airworthiness Group inspected and examined both tab mechanisms in details with specific
emphasis on the Boeing Service Bulletin 737-27A1297 issued at a later date from the accident
(original release 16 April 2010; revision 1 released 2 August 2010) and the associated FAA
Airworthiness Directive. This bulletin examines for any looseness or gaps in the swaged bearing
lugs and spacer which attach the mechanism to the rear spar of the horizontal stabilizer.

On the accident aircraft, both sides of the horizontal stabilizer were accessed and the inspections
revealed no discrepancies for the inspected components. The spacers were tight and could not be
rotated by hand pressure. Although a feeler gage was not available, there were no observed gaps
in between the lugs or the lug and the spacer. A fingernail could not be inserted between the
pieces inspected.

The inspection also noted that the left mechanism inboard attach point could be displaced 0.25
inches laterally and vertically using hand force and that the inner race of the bearing appears to
be damaged. However, the tab hinges (three hinges on the right tab; all hinges on the left tab),
tab rods and their connections were inspected and found to have all hardware present. All hinge
points move freely and without noticeable play or looseness.

In order to clear that issue and to verify consistency with the DFDR recorded data, which
showed no uncommanded movement or oscillation of the elevator or horizontal stabilizer
surfaces, the Airworthiness Group recommended the removal of the mechanism for further
evaluation. The IC approved that recommendation and decided to send the Trim Tabs of flight
ET 409 Boeing 737-800 aircraft to the NTSB for analysis in order to verify consistency with
DFDR recorded data.

The Right Trim Tab was removed by technical advisors to the Ethiopian accredited
representative and under the supervision of the IC, it was then sent to the NTSB and an
examination was carried out on March 21" at the Boeing facilities in Seattle under the
supervision of the 11C and technical advisors from the investigation committee. The Left Trim
Tab was also removed by technical advisors to the Ethiopian team and under the supervision of
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the 1IC, it was then sent to the NTSB and an examination was conducted at the same Boeing
facilities on May 11™ under the supervision of technical advisors from the investigation
committee.

]

Figure 13: Left Outboard Lugs & Spacer

The analysis was then carried out by Boeing. An initial draft report on the “Investigation of Left
Hand (LH) Elevator Tab Mechanism Assembly of Airplane YC490 (737-800)” was received on
July 18, 2011 and up-dated by the US Accredited Representative on July 27, 2011. The final
report was completed on August 9, sent to the US Accredited Representative on August 11,
circulated to all IC members on August 15™. A revised version correcting some editorial
mistakes was then sent by the US accredited representative on September 8. The revised final
report is included as Appendix O and analyzed in this investigation report.

1.16.6 Analysis of the Black Soot near the APU Exhaust

Upon the observation made by the Airworthiness Group on the presence of a “black soot” near
the APU exhaust area and some wrinkle on the metal, the IC decided to send a section of
fuselage skin from the APU compartment comprising that black soot to the Materials Laboratory
of the NTSB for examination. The reason was to determine whether the “black soot” identified
in that area was heat related and to determine its origin.

The section of fuselage was extracted by a team of technical advisors to the Ethiopian accredited
representative, under the supervision of the I1C. It was then sent to the NTSB. The extracted
section was 16 inches (in) long, 2.5 in wide at the narrowest end and 5 in at the widest end.

The NTSB report was received from the US Accredited Representative on July 29, 2011. The
report specified that “There was no discoloration to the primer paint and the surface was
uniformly covered with a light coating of sand or dirt. Zinc chromate primer paint changes
color when exposed to heat.” 1t goes to conclude that “Since there was no change in the color of
the paint on the primer side, there was no indication that this section of fuselage was exposed to
heat/high temperatures.”
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As for the origin of the black soot it determines after examining the material associated with the
black soot that “The spectrum obtained from the submitted unknown sample suggests that the
material was organic as evidenced by the presence of characteristic carbon-hydrogen bonding
peaks between ~3000 cm-1land ~2800 cm-1 as well as a small group of peaks between 2300 and
1400 cm-1. This peak configuration is indicative of a straight chained, aliphatic hydrocarbon.
When compared to the spectra of known materials, the unknown material most closely matched
spectra from lubricating oils. ”

Figure 14: The APU Exhaust area showing the Black Soot

N.B. Kindly note in Figure 13 above the aircraft wreckage part is set with the bottom of the
aircraft up and the forward part of it pointing towards the left.

That NTSB Black Soot Analysis report concerning the work carried out during the analysis of
the part is also addressed in the analysis and included as Appendix P to the final investigation
report.

1.17 Information on Organizations and Management

1.17.1 Ethiopian Airlines

Ethiopian Airlines is a scheduled passenger and freight air operator incorporated in Ethiopia
under the ECAA provisions and supervision to operate commercially in accordance with the
Operations Specifications specified in their AOC. The airline has services to over 50
destinations worldwide as well as domestic services.
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1.17.1.1 ET Air Operator Certificate (AOC)

Ethiopian Airlines operated under an AOC issued by the Ethiopian Civil Aviation Authority.
The AOC number CATO — 001/270295 was delivered to Ethiopian Airlines Enterprise, P.O.
Box 1755, Addis Ababa, authorizing the airline to conduct scheduled, non-scheduled and charter
domestic and international commercial air transport operations. The AOC was current on the
date of the accident. A Full copy of that AOC is attached as Appendix A to this report.

1.17.1.2 History

Ethiopian Airlines was founded on December 29, 1945, by Emperor Haile Selassie with
assistance from TWA. It commenced operations on April 8, 1946, with a weekly service
between Addis Ababa and Cairo with five Douglas DC-3 propeller-driven aircraft.

The airline started long-haul services to Frankfurt in 1958 and inaugurated its first jet service in
January 1963 from Addis Ababa to Nairobi. In 1965, it changed from a corporation to a share
company and changed its name from Ethiopian Air Lines to Ethiopian Airlines. In the early
1960s it provided some initial aviation support to the Ethiopia-United States Mapping Mission
in its operation to provide topographic maps of Ethiopia. It is wholly owned by the government
of Ethiopia and has 4,700 employees (at March 2007).

Although it relied on American pilots and technicians at the beginning, by its 25th anniversary
in 1971 Ethiopian Airlines was managed and staffed by Ethiopian personnel. In 1998, it started
transatlantic services. The airline was featured by The Economist as an example of excellence in
late 1987, and Ethiopians Paul B. Henze recognized it in 2000 as being "one of the most reliable
and profitable airlines in the Third World", In 2007, Ethiopia Airlines provided basic pilot and
aviation maintenance training to trainees from African countries including Rwanda, Tanzania,
Chad, Djibouti, Madagascar and Sudan. Other training was given to employees of Kenya
Airways, Air Zimbabwe, Belleview Airlines, Cape Verde Airlines and Air Madagascar.

1.17.1.3 Personnel Training and Authorization

According to the documents provided by ET and interviews conducted at Addis Ababa 24-27
January 2011, all personnel involved with ET 409 were trained and authorized as per the
provisions of the ECAA.

1.17.1.4 Preparation of flight ET 409 at Beirut

According to the documents provided by ET and their handling agent in Beirut LAT, all
documents required in accordance with ET procedures were provided to the crew prior to
departure from Beirut.

1.17.1.5 Work cycles and flight crew rest

The crew arrived to Beirut 25 hours before the Scheduled Departure Time (SDT) and had the
opportunity to have their full rest at the Beirut Commodore Hotel. The crew work cycles and
rest have also been investigated by the Investigation Committee during their visit to Addis
Ababa 24-27 January 2011 to confirm compliance with the ECAA regulations and Ethiopian
Airlines requirements regarding Flight Crew weekly, monthly and yearly limitations. According
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to the ECAA regulations and the ET requirements, the crew was within the legal duty/flight time
limitations.

1.17.1.6 Procedure for use of on-board Weather Radar

ET provided their procedure for the operation of the weather radar during departure; the
procedure is inserted as Appendix G of this report. It calls for both Radars to be set to a range of
40 NM, with the Pilot Flying (PF) selecting “Weather” and the Pilot Monitoring (PM) selecting
“Terrain”. A Boeing procedure, also inserted in Appendix G, stipulates “set the weather radar
as needed” .

1.17.1.7 Procedure for Flight Crew pairing

ET provided their procedure for crew pairing; the procedure is inserted as Appendix H of this
report. It stipulates under “Inexperience flight crews” that “Captain who has less than 300 hours
and F/O who has less than 700 hours on type should not be scheduled together.”

The captain of the flight had 188 hours as PIC on type, while the F/O had 350 hours on type.
1.17.1.8 Procedure for the use of Auto-Pilot

ET provided their procedure for the use of Auto-Pilot in flight. The procedure is inserted as
Appendix W of this report. It stipulates that the PF should “engage the autopilot when above the
minimum altitude for autopilot engagement.” The minimum altitude for autopilot engagement is
defined in the Limitations section of the ET FCOM as “400 feet AGL.”

Furthermore, the introduction part of the company’s B737 emphasizes on the use of the
autopilot; however, it stipulates that “manually following the FD commands below 10,000 ft
AAL in good weather and low traffic areas may also be used to maintain proficiency”.

1.17.1.9 Procedure for Moderate to Heavy Rain, Hail or Sleet

ET provided their procedure for flying in moderate to heavy rain, hail or sleet. It stipulates in the
FCOM v.1, page SP.16.18 “Flights should be conducted to avoid thunderstorm or hail activity.
If visible moisture is present at high altitude, avoid flight over the storm cell. (Storm cells that
do not produce visible moisture at high altitude may be over-flown safely.) To the maximum
extent possible, moderate to heavy rain, hail or sleet should also be avoided.