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Beirut
Lebanon

17" January2012

His Excellency Mr. Ghazi EAridi
Minister of Public Works &'ransportation

Dear Mr. Minister,

| have the honor to submit the report on the circumstances of the accident to the Ethiopian 409
flight, a Boeing 737800, registration EFANB, that crashed into the Mediterranean Sea, SW of
Beirut Rafic Hariri Internabnal Airport on 25 February 2010.

Yours sincerely,

Captain Mohammed Aziz
Investigator In Charge
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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 investigad the accident that
occurred to Ethiopian Airlines flight 409 (ET409), a Boeing -BBD type aircraft registered
ET-ANB. An Investigation Committee (IC) and an Investigator in Charge (IIC) were appointed
by the Lebanese Minister of Public Workd &ansportation. Tie 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 eleased to the

public and have been posted on the Lebanese CAA wehsitedebcaa.comThe final draft

report was presented as a confidential document to HE the Lebanese Minister of Public Works
and Transportation on fHSeptember2011 and circulated to all parties (the NT$RA, 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.
Sane differences remained between the views of the Ethiopian party and the rest of the
|l nvestigation Committeeds members. These di
report

In accordance with Annex 13 to the Convention and with the LebameRegulations (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
edablish whathappened, to analgzhow 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 recommendatiedsaai
drawing lessons from what happened in order to prevent similar reoccurrescésywhere
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 Aircraft
25th January 2010 at 00:41:30 Boeing 737800

Registered EFANB

Site of accident Owner

About 5 NM South West of BRHIA, CIT Aerospace International Corporation
Mediterranean Sea

Type of flight Operator

International public transport piassengers Ethiopian Airlines
Scheduled flight ET 409

Persons on board

Flight crew: 2
Cabin crew: 5
IFSO: 1
Passengers: 82

Summary

On 25 January 2010, flight ET409 took off from Beirut Rafic Hariri International Airport
(Lebanon) bound for AddisAbaba Bole International Airport (Ethiopia) on a regularly
schedied revenue flight. Less than fiveinutes after takeff the plane crashed into the sea.

Consequences
People Equipment
Fatally Injured | Injured Unhurt
Crew 8 - -
Destroyed
Passengers 82 - -

Third parties - - -

@ Al times in this report are UTC, except where otherwise specified. 2 hours should be added to obtain the
localtime (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 Boein@0B7
registered EJANB, crashed into the Mediterranean Sea about 53¢th Westof 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
Internation& 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 departedat night on an instrument flight plahow clouds, solated cumulambus

(CB) and thunderstorms were reported in the area. The flight wasdlyncleared by ATC on a

LATEB 1 D departurghen the clearance was changed before-tdkeo anfii mme di at e r
turn di r eAftertakebffeAk (Rower) instructed ET 408 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 2fd°e t o
we at .hHowever, ET 409 continuedght turn beyond the selected heading of 315° and
Control i mmedi ateltyrmnbkeéfuche &T 40% ackhowedged? 7 0 A
the crew selected 270° on the MCP and initiated a left turn.

ET 409 continued the left turn beyond tinstructed/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 seh 6 5 9 the imitiatioreaf theakeoff r o | | (406 1 The aiicraft t h e
impacted the water surface aroumn®iM South West of BRHIA and all occupants were fatally
injured. arch and Rescue (S&RBperations were immediately initiated.

The DFDR ad CVR were retrieved from the sea bed avete read as per the Lebanese
Government decisiqgrat the BEA facility at Le Bourget, France. The recorders data revealed
that ET 409 encountered during f 1l i gThdyalsowo s
recordedll i Ba n k Aunagvareings at different times during the flight aswl overspeed

clacker towards the end of the flight. The maximunordedAOA was 32°, maximum eorded

bank angle was 118° left, maximunctoededspeed was 407.5 knotsaximum reordedG load

was 476 and maximum reordednose down pitch value 63.1°.

The DFDR recording stopped at 00:41: 28 wit!l
recording was at 00:41:28 with the oadnoiser af t
just prior to 00:41:30.

The investigation revealed that tipeobable causes of the accident were the flight e wo s

mi smanagement of the aircraftdos speed, al ti
flight control inputs resulting in Bbss of controbnd their failure to abide by CRM principles of
mutual support and calling deviatioriBhe other contributory factors that could have lead to
probable causeare the increased workload and stress levels that have most likely led to the

c a pt eeachiny & situation of loss of situational awareness similarstie incapacitation

and the F/O failure to recognizeoit to intervene accordinglyrhe root causes for these failures

are discussed in the analysis phase of this report.

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

On Monday 28 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 afteraéikieom 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 Aircr aft Acci dent a,nah Investigatioth e n t
Committee (IC) from Lebanese investigators was formed by a ministerial decreé sthe
Minister of Public Works and Transport in order to conduct the technical investigation. An
investigatorin-charge (IIC was designated in the same decree to lead and initiate immediately
the investigation. As per Annex 13 provisions, tHeA asState of Manufacture, and Ethio@ia

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 6 En g u ° Analyses €BEA) dndl the Lebanese DGCA, the BEA was also invited to assist
the Lebanese authorities to conduct the investigation.

The Investigation Committee composition was as follows:

Lebanoni State of occurrence

Francei Technical Advisor to the Statd Occurrence
Ethiopia i State of Registry / Operator

USA State of Manufacture

Two working groups were formed as follows:

1 Operations
1 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 BourgefirParis, France. Both recorders wer
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 medglations 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 IIC in January 2010. He was replaced as 1IC &ip ®atammed
Aziz, Ph.D., as of January 2011.
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1. FACTUAL INFORMATI ON
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 dironological history of flight wareproduced 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 prdlight 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 opmtional issues, the crew was heard discussing themvay stay in Beirut and the
mealwhich could have affected the quality of their sleep prior to operate the fhighvtever,

their tone of voice and discussions were norcaing that phaserhe 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 LATEBvittDan iniial climb

to 30006. Bet ween 00 :GBOn issded taxi idstrirtbns3oET 209. ET AT C
409 was then handed over to the ATCower frequency 118.90 artbe Flight Crew advised

the Tower controller that they were taxing on Lima .The Toweregthe clearance to line up
runway 21 and report ready for departure.

At time 00:35:36 theTower controller cleared Ethiopian 409 for takeoff and amended the
departure clearance with an instruction to make an immediate right turn to CHEKA Flight

Crew read back the clearancd&t 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
30006 and a flaps setting at 5eseBolOmileNthe i g a't
captainds display showed i Weat he hestabilinertha¢ t h e
was recorded on the DFDR was approximately 5.94 units at the start of the takeoff roll.

During the takeoff roll and as the aircraft waaccelerating towards 80 Kts, sound simiiar
interferences on the radio werecorded andeard on the CVR. Theaptain wa then heard
saying (idoAydar s3e0¢ |fahtactwaso hear B/ On tdgbhty CVR
knot so.

The rotatonwas ni t i ated at time 00:37:08 and | ift c
was 145 ktsat rotation and 166 Kts at the time the main gear liftdffe landing gears were
retracted at 00:37:20 and at 00:37:35 sounds consistent with the trim wheng twene

recorded andheard 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 tois1

between 00:37:35 and 00:37:36, the recorded speed at that tindg W&s. The captain called

® TheLateb 1 D SID is attached as Appendix L to this report
* Chekka is a VHF Omndlirectional Range (VOR) navigational facility located 31 miles North East)Qif6
BRHIA
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ANAV, He a di n g theésHQ replieth Hre atd h anrg & (drihueusptlldackforce
on the control column was recorded throughout that period.

At time 00:37:39 the Tower controller instructed ET 409 to turn rightlhitheading three one
five. The Flight Crewrepliet hr e e o0 n e Théheadiag selectmy e MCRchanged
00:37:49from 210 to 315. At time 00:37:51 the a pt a i nN one#lalpd ceedsperd, flaps
up s p e e dto whch theeFfOoreplied bfi r o g €At tione 00:37:59 the MCP airspeed
selection increased from 150 Kts to 216 Kts amijlat wheel input was commanded while the
pull backforce was still recorded on the control coluritheaircraft was passing 540 0 .

At time 00:37:57 and 00:38:02unds constent with trim wheel turning we recorded and

heard on the CVR. The DFD&atashow at the same time tvgeparatgilot commanded nose
uptriminpusf or 10 each ti me. The pixktbhiRfromespectivelye d ar
6.1 to 6.4unitsandfrom 6.4 to 7.0unitsand a airspeed of 173 Kts at 00:38:02. The continuous

pull back force on the control column that had been recorded sinceftakas released at that

time.

At time 00:38:03 the F/O caltiiNo n e f | a p stheuspeedsaptleattidné was increasing
through 174Kts. 40 | ater the TowBni hetséeenocth
and at 00:38:10 the captain ordered Flaps 1. A sound camswgith a flap lever movement wa
recorkkdandheard on the CVR. The DFDR r @uriogthhe d 80
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 increasir@:28:13 sounds cornstent

with trim wheel turning wee recorded andheard on the CVR. The DFDR recorded at the same

time aspeedtriic o mmanded nose up trim input for a p
in pitch trim from 7.0 to 7.6units and a speed of 192 Kts increasing at lbleginningof that

period.

At time 00:38:17 ET 409 contacted Beirut Co
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 @9:38:22sounds consistent with trim wheel turniwegre

heard on the CVR. The DFDR records did not show at the sameeany commanded trim

input; however, it recorded an increasepitth trimfrom 7.6 to 7.7units at time 00:38:23, the
recordedairspeed at that time was 206 Kts. The same sowmedse hear d again on
later, the DFDR records show at that time a speed trim commanded nose up triresaofiung

in an increase in pitch trifmom 7.7 to 7.8units. The DFDR recordedirspeed at the time was

209 Kits.

The captaicommandedi f | a p & 00B®.3L and the F/O confimé&Roger fAaps
sound consitent with flap lever movement waiecordedand heardn the CVR and the DFDR
records show that tHéaps were retracted.

At time 00:38:35 Beirut Control advised ET 409,Si r |, I suggest for AKo)
follow heading two seven zero to be in the clear for fifteen to twenty miles then go to CHEKA
and 1 tdéds wup to you, Atjhatsine thg aireraft wasestill torhaerighbtara d i n
and the roll angldadreached more tharb3triggering an automatit b a n k  @lhrgcbreéed

on the CVR at 00:38:41the same automatic call walso heard at 00:38:43. At 00:38:44,

® The 737800 stabilizertrim can beactivated either through pilot electrical or manual command input, or under
certain conditions it could be automatically triggered through the speed trim furfetiofull information on
the subject refer to Appendix M.
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sounds cornistent wit trim wheel turning wee recorded ancheard on the CVR. The DFDR
recordedsimultaneouslya pi | ot commanded nose up trim in
same time maintaining a control column pwé$t2° in the nose down directioff his resulted in

a recorded increase ipitch trim from 7.9 to 8.7units along with & airspeed of 196 Kis.
(Beyond that point, netabilizer trim manual command weecorded on the DFDR).

At time 00:38:48, the cagin was heard on the CVR endongfit wo o0 n e ?0samdythe a g a i
F/ O aski ngcdrmfei rTno wree a dii nThe direvadt heading at the time Yas
beyond the selected 31&nd reached a maximum recorded value of 003°.

Beirut Control repliedi Et hi opi an 409, Sir, negaturnleftefyt o p
headi ng t woThecapiamasketib e b0 headi n gantteoF/Osrephee n z €
and read backir oger , | ef t h e a drhenhgadingwselectisneondéhe MCZRe r 0 0

decreased t@70°and the F/O confirmed to the captdin wo ns eee o. Thisswas et 0
associated with aharp left wheel input of approximately *4€ommanded by the crewhich
resuledin a roll angle of 45 reaching a maximum ofd8 left andtriggering 5 automatié b a n k

a n g lcadlsorecorded on the CVR between time 00:39:01 and 00:39:30. This left wheel input
was followed by a right wheel input of 3Which initiated a roll back towards wings level. As

the airplane was returning towards wings level, the speed was increasitigeaztdumn push

was relaxed; the airplane began to pitch up and slow down. The airspeed had reached 243 Kts at
00:39:43 before starting to fall back. Sourdssistentvith heavy rain wee heard on the CVR

during that same period. The aircraft altitudetah a t time was 432006 a
temperature at that level on that day was°+8ntigrade. Egine antice 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 wasdrd saying in Amhariéi O K , engag.eHowevet,opi |
the DFDR data does not show any engagement of anypdatahroughout the flight. At the

time of the call the DFDR shows the control wheel was Aft from the neutral position and the
aircraftroll angle reaching 624left bank with a heading of 2284 nd an al Durihgude 4
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 thatiititcte of

12°. The airplane was then returned to whhgel flight at a heading of 204However, 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 instructighEt hi opi an 409 f ol
t wo seven zero, turn [ET408readbaekardii ghhgt thweoa dsienvge n
zer o, The G wad heard confirming to the captaint wo 3 e v e.nN® etheo

action was recorded in compliance to that instruction.

At time O00:40:01, as the aircraft was Ccros
decreasing, a speed trim commanded nosoe dowl
the DFDR associated with a pitch traacrease from 8.7 to 8uhits 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 .2AQPovalues were 18° (righfand 17 A (rlthe hirfcrift pitc angld reathed a
maximum of 38.5° up and the automafidb a n k  auralgwar@ing was heard twice on the

CVR between time 00:40:06 and 00:40:08.

® The left AOA and right AOA areecorded at once per second at different tatmmps on th®©FDR 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 Amhafioyh at | thentepeatdd ha@,
loudervoice i wh a 't i At that tirsettie @ircrafa | t i t ude was approxit
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 @.Ghe 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 maximurit@t @8 e | e bank T wo
a n g laeral 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 nosep column input was made, rééng a maximum of approximately 11

noseup as the aircraft pitch attitude passed through°zatrdime 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 CVRcalling i g-@ r o u fout dimes and the F/O replyinfr oger , g
a r o u mha throttles wee pushed full forward for a short instant then pulled back a little for a

few seconds and then pushagain violently enough to beecorded orthe CVR The auto

throttle was disconnectedt the same timdBeirut Control instructed ET 408 Et hi opi an
follow heading two seven zero, sir, follow heading two seven zero, turn right heading two seven
zer o Thoomvich.ET 409 repliedii r o0 g e r , Soundsgcensigient with heavy rain are

heard on the CVR.

The stick shaker sound stopped at 00:40:28. AOAesluere 14.9(right) and 12 (left). The
nose up column input was still maintained associated with a left wheel input ah8Q right
rudder i nput of approxi mately 5A which were

With the airspeed increasing beyond 195 Kits, the speed trim system commanded at time
00:40:25anosep trim i nput f or piteh triméencreased fromB.2th 2.9 an
units (Beyond that point, no stabilizer trim command is recorded on theRDdtIheard 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 amdddavn againThe airplane altitude

had reached a minimum altitude Nosignibcanohank 6 0 O
angle changes have been recorded over the n
slow down while the left wheel inpand 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. Thecaptain nated that speed trend and saeard on the CVR saying at time 00:40:48

it he speed thesF/OQdreplieg niAmigadci s peed i s anathencgptaid o wn o
immediately said (in Amharich O K, try to. Atdhatsnommeetthb DRDB shows

the peed dropping through two hundred kndike pitch attitude increased to a maximum of

31° before beginning to pitch down. The airplane continued to roll left p&st 35T baak i
a n g lawab warning was recorded twice at 00:40:52 and 00:40:54 followedrightawheel

and right rudder command at time 00:40:57.

At time O00:40:56 the stick s hawhiéerthe aiplanev at e
continued to roll left, eventually reaching®7& left bank the AOA values were 144left) and
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13.5 (right); the AOA reached its maximum value of°2& 00:41:09 A full left wheel was
commanded while the right rudder input was maintaidedoseup column was commanded

and gradually increased over the nexd While the airplane pitched dowBetween 00:40:59

and 00:41:08, the altitude stabilized at about 9000 feet. The airspeed reached 1&0 kts.
approximately time 00:41:08, the wheel returned to neutral and the rudder was comnfanded 3
left; the bank angle continued to increase to the left.

During this time,Beirut Control calledi Et hi opi an 409, Et hi opi an
mountai n, turn right nThevcretv elid dot regpond werballys utv e n
rather activated the microphone CVRandtleAPG o X i n
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 118vBh a pitch attitude of 48° nos#own.

The recorded airspeed at thaméi was 228 kts increasing and the altitude about 7370 ft
decreasingDver the next 1O0mached31 nodedownplardedeft andrighti t u d
wheel inputs were made, and the bank angle decreased to betWwesa 33 to the left.

The stickshaker stopped at time 00:41:22. The AOA values were {8f6) and 18.1 (right),
the recorded airspeed was 283 kts increasing and the altitude about 5110 ft dedregising.
wheel input was made with left rudder input.

Immediately after, at 00:41:26punds similar to ovespeed clackewere 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 81%75G and engines
number 1 & 2 at respectively $36 and 934% N1.

Between 00:41:28 and 00:45:10 Beirut Control made several call§ @09 with negative
responseThe AT|C immediately activated the emergency response plan.

No indication of the acraft keing hit by a lightning strike v&arecorded on the CVR or any
interference affecting the flight instruments recorded on the DF&Jart from the short
interference recorded during the tad&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 amddtier pedal in neutral
between 00:38:05 and 00:39:05. Apart from these periods, the control column and the control
wheel were always recordingariable pressure from the crew, as well as the rudder pedals
which was continuously used, sometimes in oppdtiiiection to the control wheel inputs

The standard@akeodF|l chAtkérsto done by the PF
Operations (FCOM v.1, NP.21.42), was not heard on the CVR; neither were the checklist items
carried by the PNF heard on tG¥R.

Eye witness reports including a Tower controller reported seBimg | i ght o0, ian
explosiono, fn&8 ealclorafilsat | | amofind théltim@ af the accident.
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The following two figures developed by the French Burdad Eun°gt e s et (BEA)Anal y
reproduce the entire flight horizontal and vertical tracks as derived from the DFDR data:

Figure 1: ET 409 horizontal tracks
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A sen

Figure 2: ET 409 vertical tracks

1.2 Injuries to Persons

Injuries Crew Members Passengers Others
Fatal g’ 82p 0
Serious 0 0 0
Light/none 0 0 0
"'ncluding 1 1 FSO |listed on the passengersd manifest

8 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 dnd an
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 flepilas @o

DHC 6,B 737200 and B 757/767 type aircraft prior to be promoted to saptaFokker 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 Maltigine Land on 22 December 1988, for Single
Engine Land on 4 January 1989, for Fokker 5@@dune 2008 and for Boeing #3@0/800 on

16 October 2009. It also shows ratings agpibot 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 daptampleted company command
training and was released to operate solo as PIGah &s 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 andrircomplete his route training and be released to operate
solo as PIC on B73700/800 type aircraft on 3 December 2009. His last recurrent/type rating
training was satisfactdy completed on 14 October 2009 and last proficiency chea&
satisfactoity 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 hoqtsred since his
release to operate sas PICon B 737700/800 51 days prior to the accident

Records provided by Ethiopian Airlines show his flying hours in the previous éhmas 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 Anfex'Medical Standards and
Certification.”
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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 conductedri t h t he captainds superiors, train
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 éislecosds
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 joineddbmpany 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. Hedhafirst-class ECAA airman medical certificate with

no limitations or restrictions, dated 11 June 20009.

According to records provided by ET, the First Offiggaduated from Ethiopian Aviation
Academy on 15 January 2009 and was transferred to the gfit Edperations 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 donel@ March 2009. He completed company
training on B737700/800 consisting of 120 hours of ground school, 60 hours of Simulator, 1
hour of base training and 64 hours of route training aas fwlly released to fly solo as First
Officer on B737700/800 on 3QAugust 2009. His most recent-carrency 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
B737700/800 type aaraft. 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 vhile 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 fapgendectomy at some pqgian
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 infolewing terms:i h e s e e me d
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 EVR

1.5.2 Cabin crew

According to records provided by Ehet cabin crew consisted of 5 female flight attendakits.

® That pilot was one of theechnical advisors to the Ethiopian accredited representative, he had listened to the
CVR in that capacity and helped in the translation of the Ethiopian words durin®f tis¢eRing session at the
BEA.
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5 cabin crew were fully licensed in accordance with the provisions of the ECAA.
1.5.3 IFSO

The | FSO was seated i n t htle pdssengars. Howasceumtadgfar r s 6
the loadsheet 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 fcerxet whm.IFSO was licenseth 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 clearancéyguksh

and taxi, ATC Tower for takeff clearance and initial climb, and ATC Control for the
remaining part of the flight. According to records provided byBR#HIA 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 200 aircraft was configured to seat a maximum of

16 first class, and 138 econorolass passengers and also to carry ¢argo

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: CFM567B27

10 Refer to cabin map inserted as Appendlix
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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 22kedéarust settirg.

With a 22k derate thrust setting, a weight of 70,443 kg (155,300 Ib), and a center of gravity of
18%, the Airplane Flight Manual (AFM) for EANB 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 ned@wn direction beyond that
recommended in the AFM. In additiorhet 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
takeoff (greerband range).

1.6.4 Condition of the aircraft before departure

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

1.6.5 Maintenance operations followup

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 introductiorAMNBEET

to the fleet on 12 September 2009. The first check, conducted during NovemB@r 20

ti mefr ame, included a 62A6 and a 03Aifhe chec
December2€ 5 ti meframe, included a 61A06 and a 04

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 flightleé day and include routine examination of
the serviceability of the airplane for the d

' While theii Not es for the CG Limitsodo mentioned on the ET
shows ratings of 24K, 26K and 27K, Appendix 2 of the Airplane Flight Manual (EE81A001.8AS4)

applicable to the accident plane includes provisions ®2#K trust ratig.

12 Refer to Appendix V for a copy of the Lo&heet
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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 retaineg faml the most recent
checks; older check documents are destroyed per the Ethiopian documentation retention policy.

As pertinent to the accident airplane, Et hi
checks (system zonal and structural), eatthh a defined interval of flight hours and cycles.
Typical O6A6 checks include a general visual

interior components), filter changes, general visual inspection (including baroscopic) of the
engines, etcé

A review of the maintenance records for the
associated with airplane preparation (panel access), routine maintenance actions (filter changes,
engine oil and hydraul i c f | specton tgema ninspettione s ,
items are noted either as oOno fdontide tasgdéardor 06
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 nenoutine findings from both the November and December checks
noted no significant airframe component issues or interior component issues.

Et hi opian airlines are also certifiedand or 6
structural) and, |ike 6A6 checks, are in O0blI
hours and cycles. Such checks include detailed airframe and component checks. The accident
airplane had not been s u bratedbyEthtoman airlinés@$it wash e ¢ k
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 Meteorologicallnformation

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 timkeofdcident. 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 northwesind southwesin 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 visibilg&ykm. Few CBclouds was recordedta
2000feet 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
activitiesbeyond 10 km from the airport. TheATIS 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 dffieeSIGMET
stipulatedi Be i r u't FIR TS OBS and over OLBATHeI R t
ATIS weather information transcript is found in Appendix B and was heard by the Flight Crew
prior to startup.

1.7.3 Information collected by the crew

A weathe package which includgghe METAR, TAF of the departure airport and airports along

the flight plan route, wind/temperature charts for FL300, 340 and 390 and signifieatiter

chart for FL100450 wasdelivered to the handling agent who acknowledged iedathe 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 tRemary and Secondary radar
including the weather functiornwere 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 contaabnsecutivelywith 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 @alities and on the CVR and have been used to produce this report.

1.10 Aerodrome Information

BRHIA, (OLBA)i s an i nternational air pohislocatedoh a f
the western Lebanese sea shore line to the South of the cigiraf.B'he 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 li8/1 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 opportuioityarriving and departing traffic
between a westerly heading and a bearing of° Gidin 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:
1 Runway 032 1

is 12
T Runwayl1l735 is 10, 6
9 Runway1l634 i s 11,1

800 meter s.
50 meter s.
95 meter s.
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Runways 03, 16, 17 are served by an Instrument Landing System (ILS). An Airpotitleyap
is included in this report asppendix C.

The airport is also served by a primary Raytheon Radar system1B8SR and a Secondary
radar system, MMSR Condor, MK with automatic Auto tract 2 Displagnd weather display
All radars and equipment were fully operational on the nighteftcident.

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 tradspdfte BEA
laboratory in Paris France under the custody of the IIC 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 theCrash Survivable Memory Unit (G8J). 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 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 Sptember 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 984700042, and S/N 3986. This model records at

least 25 hours of flight data on a solid state memadiye opening and reamut operations were
performed foll owing BE AReference Rrotadureefer SSFDRI Datdo n e
Recovery after an Inciderdr Accidenb document . The memory extr
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 takéthrough 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 limitegl to th
following: pressure altitude; airspeed (computed); engine N1; pitch; roll; heading; AOA (Angle
of attacki both left and right sensgrsnormal (vertical), longitudinal, and lateral acceleration
(load factors); left and right elevator positions; left amght aileron positions; left and right
trailing edge flap positions; rudder position; horizontal stabilizer position, stabilizer trim
operations and stick shaker activat{both left and right stall warning systemB) addition, the

DFDR recorded speebirake handle positionboth left and rightthrottle resolver angk
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 DFDR

A trajectory was Cc OLAPTWDE BOSIBIAN e & n@NGITUDE e A
POSITIONM parameters recorded on the DFDR. Thes
generated to represent this trajectory starting at 00 h 30 min until tleé #r@DFDR recording

at 00 h 41 min 28 s. These files are published in this report as §igaral 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 reldt¢o 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 Duital 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 Appendixkdkfirmedfit hat t he fipsedtwas 1 n
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 98022001, S/N 05449. The CSMU of the CVR exhibited

P/N 617-6096006, 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 condifidre opening, exaction of the
double memory board from the CSMU and the reatloperations were performed following
BEA procedur es Refaretice Arocederg Woe $SCVRAData Recovery after an
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Incident or Accidelt document . The me mo r y secgessfulaand i o n
videotaped.

The CVR recording consisted of five audio files identified as follows: 3 files containing at least
306 of recording of Captain, First Officer
channels 1, 2 & 3; 1 file containing aixrof 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 VHEommunications recording on the DFDR allowing a
preliminary transcription. Nevertheless, 1 memory chiiegumablyJ16, on which a crack was

visually detectepdout of 24 memory chips was still unreadable and prevented getting the full
audio CAM track, crat i ng a gap of 100 of mi ssing r
approximatee very 4 minutes. An attempt to recover
and is addressed in section 1.16 of this report.

The CVR recording was heard a first time on 17 Fafy2010 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 recordddring 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 Iaptain Gedlu Melesse and Cigin Tensae Berhanu from
Ethiopian Airlines. The purpose of that hearing was to cover in more details the discussions that
occurred during the prilight phase.

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

1.12 Wreckage and Impacinformation

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’384 . 6 6 Nor t h an 82 4a. 5 806n gH atsutd eo no fa
210 magnetic. The water depthtinis 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 continuedttik morning of 25 January and ended on 19
February 2010.

The largest piecefound 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 numberofpi eces of fl oating wreckage were recov
last recorded radar point and to various distances north east of that point. One of these pieces
was thewinglet panel that was identified by the logo paint scheme and by the part number
located on the intear surface. This panel wdrom the side lower cégout panel at the wingtip

as shown in figure.6Tha part is of composite materidt. was found floating neahe 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 b these visits, the Grouplso recommended to the IC to further evatudhe
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stabilizer trim tab and blackoot detected near the APU exhaust. The IC approved these
recommendations and both parts were sent for further evaluation through the NTSB asdalescrib
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:

1 Two bulkheads associated with lavatories (sink & toilet). One tentatistehtified 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 airplaoe 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 ando life rafts (independent from escape slides)

E R I

Identified exterior components:

1 One wingletupper portion (fractured approximately 2/3 way towards the attach point).
Logo on both sides of winglet.
A/C pack door

1
1 NLG door (partial)i left side

Investigation Report z ET 409 Page38



1 Two composite panels from vertical stabilizer (with logo paint)
1 1 MLG wheel + tire (inflated)
1 Portion ofelevator and elevator tab

General observations of wreckage:

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

1 Identified seats consisted mainly of loose padding and colersseat structure was
identified

1 No observed damage consistent with heat/ soothing/ smoke. Components appeared clean
except for some black soot traces found around the APU exhaust avbetidressech
section 1.1@&nd analyzecth theanalysis prt of his 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:

1 Aft fuselage sectiomxtending from the # 2L passenger door to approximately the rear
pressure bulkhead

Vertical Stabilizer (composite rudder missing)

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

1 Trailing Edge Flap portion

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

1
1

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 fuithasstigation. 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 Inbrmation

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 arfdNA 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 includ#10 full legal medicahutopsies of bodies which were found in
conditions allowing this operation to be conducted, and of DNA analysié reicovered human
remainsallowing the identification oéll persons who were on board the flight.

All the reports observed through clial exams the absence of burns, wounds and cyanosis.
Some of them concluded thdtt he deat h i s the consequence of
of the passengers against a hard surface, resulting in severe vital lesions that led to immediate
deathbefore the drownig.

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

The medical drensic reports concluded thg@iassengers died as aresulfiomu | t i pl e f r a
andcont si ons with consequent acute hemorrhage

1.14 Fire

A small section of fuselage which normally surrounds the Auxiliary Power Unit (APU)
remaing attached to the inboard side of the left stabilizer. During examination of the recovered
wreckage, the airworthiness team identifieblack soot near the APU exhaust. The IC decided

to send that part for examination at the NTSB labs in order to deteitsisource. 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 theon-site and lab examination of the recovered wreckage the medical and
pathologcal information and on the undesater picture and videotaken of the remaining
wreckagethere is navidence ofiny preimpact 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 activateshdthe Tower contacted thére Fighting andRescue 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 notifiaddardance witlthe chain of
command by00:47.

A brief description of the &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 accidenare 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 techniciansynchronization with the ATC transcrigata. This is
shown in figure 1Melow.
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Figure 10: ET 409 Radar Tracks with ATC transcripts
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Furtherreconstruction of ET flight path wdater oncarried out by the Lebanese CAA IT
technician insynchronization with theneteorological office at BRHIA and th&TC weather

data. This is shown in figure Lielow.

“ae WG EAR MarTagla Al Naame

o w s
o \ " \
4 i\ .
Haret ALNaame_*o o 13 s
g Er Wi 3045N 03525E
85Ft 59

3345N 03524k
90Ft 60

00:41:04
J346N 03524E

TOFt 13
00:40:44

s (1

00:41:14

3345N 03524E
13Ft 46
00:41:39

3347N 03526E
20Ft 14
00:38:44

Al Kharniibat B 1
V4 (Haret{Ghbib
.’

A

3347N 03527E
19Ft 24
00:38:09

J348N 03526E
32Ft 20
00:38:54

3347N 03528E
17Ft 24
100:37:59

3343N '03526E
J5Ft 22
00:39:04

Data $10, NOAA, U.S. Navy, NGA, GEBCO
) b Image ©2010'GeoEye
w~=Haret El Oumara 2010 ORION-ME
p 2] ’,- 1 ey o0 ® 9
VO Lrde] I e ol Dala1© 2010/3NS ISR
Imagery Dates: Apr.d3;.2008 -/ Aug 31,2008 i nss 4715!38"N''¥36°26'13.46"E  elev 107 1t

3346N 03523E
60Ft 28

3349N 03524E
40Ft 15
00:39:29

3349N 03525E

J6Ft 21

00:39:14

!:_W(;Oogle

Eyealt 434171t

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 reporiThe following Figure 2 reproduces in 3D tHéght 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.

BEA e

% =
~ (@) 00:36:33 - Take off power set

@) 00:37:08 - Rotation

™ (@) 00:37:20 - Landing gear up
' | @ 00:37:39
ATC: «check turn right initially heading 315»
& (8 00:38:18 - Flaps 1 degree
® o00:38:36
ATC: «Sir | suggest for you due to weather
to follow heading 270»

@ 00:39:02 - HDG selection 270 degree

| ® o00:39:46
ATC: «Ethiopian 409 turn right heading 270»

o @ 00:40:03 - Max pitch atftude: 38° nose up
‘ @ 00:40:21 - ATC: «Turn right heading 270 now»

00:41:05
ATC: «Ethiopian 409 you're going to the
mountain turn right now heading 270»

| @ 00:41:14 - Max roll angle: 118.5° left

Figure 12: ET 409 Flight 3 D profile

1.16.3 Simulation of the Accident (MCab)

Upon the Investigation Committee decision and in cooperation with the NTSB, 3 simulation
sessions were conductetithe Integrated Aircraft Systems Laboratory (IASL) located within
the Boeing facilities in Seattle, WA on Septembei2322010. The sessions were condudated

the Multi-purpose engineering simulat@ab(M-Cab) in order to simulate the accident based on
the recorded dat#o verify if the airplane reacted as expected to the recorded control anulits

to perform operations that could help during the analysis phase.

All parties participating in the investigation were notified of the dates and invitearticipate

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 11C 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 venraund 18@degree visual system on adégree of
freedom motion system platform. It utilizes a simulation running the sarndyaamic 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-lopgnmode (normal mode) where the

pilots make inputs in the cab flight deck whiamtrol the airplane simulation. However, the cab

is also abl e-dtrd vieed rmord ei whiebaec ke xt er nal dat a
and move the controls in the flight deck. A breakout capability allows cab occupants to interrupt
the backdrive 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 badkive run were conducted, one with dark,@6® cei | i ng con
reproduce the accidents conditions, one with-ldayg h t 260006ceiling cond
the aircraft behavior in similar cloud conditions and one withlggyt and no clouds in order to

see the aircraft behavior throughidhe 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:@®&b 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 o
CVR

4 PF - Lebanon  Boeing NTSB- Boeing Breakout °sfcko
shaker

5 PF - Lebanon Boeing NTSB- Boeing Breakout after %' stick shaker
activates

6 PF - Lebanon Boeing NTSB- Boeing Breakout aftefi s peed i
dr o p pcallog@/R

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

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

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

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

11 PF - Lebanon NTSB NTSB- Boeing Breakout @ 3000 feén dive,

aircraft reached ~600 ft

Table 1: M-Cab Demonstration Run Log

In all 11 runs where the investigatdrad the opportunity to interrupt the sequence of events and
control the simulator in the normal mode to perform recovery evaluatioms?F 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 MemorZhip

The IC 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 plam cetell- 0
ANB CVR action plan / Date of issue November 2nd 2010

The test report was issued by the BEA on 5 March 2011 and confimeadsumption based on
the visual inspection performed 177 February 201@ h &J16, tfie memory chip with the crack,
is the nonfunctioning memory chip.

The BEA r epor tBased ondhe extemal visuahiaspectionfiand the asymmetrical
results of the electrical characterization, it is very probable that the internal die is cracked and
the data fromUl6 cannoeb r et ri eved. 0

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 inspectetdexamined both tab mechanisms in details with specific
emphasis on thBoeing Service Bulletin 7327A1297 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 dvesyed)

lugs and spacer which attach the mechanism to the rear spar of the horizontal stabilizer.

On the accident aircraftoth sidesf the horizontal stabilizevere accessed and the inspections
revealed no discrepancies for the inspected comporidrgsspacers were tigandcould 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 ingection 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 righll taibges 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 DF&Brded datayhich
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 recommendationdewtided & send the Trim Tabs of flight

ET 409 Boeing 73B00 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 thepewision of the IC, it was then sent to the NTSB and an
examination was carried out on March®2at the Boeing facilities in Seattle under the
supervision of the IIC and technical advisors from the investigation committee. The Left Trim
Tab was also renved by technical advisors to the Ethiopian team and under the supervision of
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the IIC, it was then sent to the NTSB and an examination was conducted at the same Boeing
facilites on May 1Y under the supervision of technical advisors from the investigation
committee.

]

Figure 13: Left Outboard Lugs & Spacer

The analysis was then carri ed olwéstigatipn oBlefei ng .
Hand (LH) Elevator Tab Mechanism Assembly of Airplane YC490-8737 yas received on

July 18, 201land updated 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™5A 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 Airworthine
the APU exhaust areand some wrinkle on the metahe IC decided to send a sectioh

fuselage skin from the APU compartment comprising that black soot to tleeidsat.aboratory

of the NTSB for examinati on. The reason was
in that area was heat related and to determine its origin.

The section of fuselage was extracted by a team of technical advisors to theaBthmgedited
representative, under the supervision of the IIC. 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 AccreditegrBsentative on July 29, 2011. The
report S p @leie fwasend didcdlosation 0 the primer paint and the surface was
uniformly covered with a light coating of sand or dirt. Zinc chromate primer paint changes
col or when eXgoesdce d nt b u Bieca thdreawas nd 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. o
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As for the origin of the black soot it determines after examining therrahssociated with the

black sootthati The spectrum obtained from the submi
material was organic as evidenced by the presence of characteristic elaydomgen bonding

peaks between ~3000 ¢rand ~2800 cri as wellas a small group of peaks between 2300 and
1400 cml. 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 6i s . 0

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 concernthg work carried out during the analysis of
the part isalso addressed in the analysis and included as Appendix P to the final investigation
report.

1.17 Information on Organizations and Management

1.17.1Ethiopian 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 AOCThe 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 CATQ 001/2702% was delivered to Ethiopian Airlines Enterprise, P.O.
Box 1755, Addis Ababa, authorizing the airline to conduct scheduleesaiwmduled and charter
domestic and international commercial air transport operatidms AOC was current on the
date of the aadent. 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 Empédeadle Selassiewith
assstance fromTWA. It commenced operations on April 8, 1946, with a weekly service
between Addis Ababa art@airowith five Douglas DG3 propellerdriven aircraft.

The airline started lonbaul services térankfurtin 1958 and inauguratets$ first jet service in
January 1963 from Addis Ababa kairobi. In 1965, it changed from a corporation to a share
company and changed its name from Ethiopian Air Lines to Ethiopian Airlimethe early
1960s it provided some initial aviation support to EibiopiaUnited States Mapping Mission

in its operation tgrovide 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 amaged and staffed by Ethiopian personnel. In 1998, it started
transatlantic services. The airline was featuredfoy Economisas an example of excellence in

late 1987, and Ethmans 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 Rwaadaania,
Chad, Djibouti, Madagascar and Sudan. Other training was given to employéesn\Gi
Airways, Air Zimbabwe Belleview Airlines Cape Verde AirlineandAir Madagascar

1.17.1.3 Personnel Training and Authorization

According to the documents provided by ET and interviews conducted at Addis Ab&Fa 24
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 &rut 25 hours before th&cheduled Departure Tim&DT) and had the
opportunity to have theitull rest at the Beirut Commodore Hotdlhe crew work cycles and

rest have also been investigated by the Investigation Committee during their visit to Addis
Ababa 2427 January 2011 to confirm compliance with the ECAA regulations and Ethiopian
Airlines requirements regarding Flight Crew weekly, monthly and yearly limitatAcmording
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to the ECAA regulations and the ET requirements, the crew was within thellggdlight time
limitations.

1.17.1.6 Procedure for use of ebhoard Weather Radar

ET provided their procedure for the operation of the weather radar during departure; the
procedure is inserted as Appendix G of this repbdalls for both Radars to be set to a range of

40 NM, with the Pilot Flying (PF) selecting
ATerraino. A Boeing procedurefisa&ltsahienwent dc
as neededo.

1.171.7 Procedure for Flight Crew pairing

ET provided their procedure for crew pairing; the procedure is inserted as Appendix H of this
reportl t stipul ates under 0 Captaixwhe nas lesatha®d@Holrs g h t
and F/Owho haslessthdan0 0 hour s on type should not be s

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

ET provided their procedure for the useAafto-Pilot in flight. The procedure is inserted as
Appendix W of this report. It stipulates that the PF shdueln gage t he autopil o
mi ni mum altitude f oThe nanimuro @titudeddar aumpilg engagamemis . 0
definedinthec i mi t ati ons sect id00 offeetheA@&LT. FCOM as

Furthermore, the introduction part 6fh e ¢ o nBF3X empbaizes on the use of the
autopilot; however, it stipulatets h artanudily following the FD commands below, 0D ft
AAL in good weatherandow tr affic areas may al so be use

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
FCOMv.1, page SP.16.¥8F |1 i ght s shoul d be conducted to &
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 -fleem safely.) To the marum
extent possible, moderate to heavy rain, hai

1.17.1.10 Approach to Stall Procedure

ET provided their procedure for pil otséo re
stipulated in the QRH MAN 1.4and attached to this report as appendixiKe procedure calls

for the PF, vmen ground contact is no longer a factor, to adjust pitch attitude to accelerate while
minimizing altitude lossthen toreturn to speed appropriate for the configuratitinalso calls

for the PM toverify maximum thrust; monitor altitude and airspeed; call out any trend toward
terrain contact; verify all required actions have been completed and call out any orhissions

'3 For more information refer to Appendix X
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During the interview conducted by the IC in Addis Abawith 11 officials from ET
representing the operations, training, safety and scheduling departments, these procedures were
confirmed by the training pilots and were reflected in the records of the crew involved in the
accident as being satisfactory costeld during training.

1.17.1.11 Upset Recovery Procedures

ET provided their procedure for upset recovery. That procedure is attached as Appendix Y to
this report. It starts by defining Upset situationgiasintentionally exceeding the following
conditions:

A Pitch attitu
A Pitch attitu
A Bank angle g
A Within above

h a 25 degrees

h a 10 degrees
ater than 45 degrees, or

bu fl yiong at a

Once suh a situation is identified, the priority is to recover from the stall, if any, then to recover

from the upset. The upset recovery calls firsfito o | | in the shortest d
unload and roll if bank angle is more than°9@ecover to legl flight 6 1t al so <cal
application of nose up trim if requirast. At

might aggravate the situationo

During interviews conducted in Addis Ababa with the training giltite IC wasnformed that

upset recovery training is conducted through a briefingddition to being part of a full flight
simulator training session (FRS7). However, he ET VP Flight Operations advised the IC that

t hei mul at ors donodt S urginingor Neveriheldssone wfstleettraining c o v e
pilots advised the IC that training pilots can induce a simulated upset by asking the trainee pilot
fito turn his head sideways while the training pilot sets the plahégtonose up, more than 25

deg, with ndbank angle, high power setting and wings level, then asks the trainee to recover as
per the procedure described in the J&HHe also confirmed that this procedure was a memory

item.

1.17.1.12 CRM Training

Ethiopian Airline conducts CRM program for crew. CRM issues are also included in the airline
SOP in details.

The ET Flight Operations Policy Manual (FOPM) contains a section on CRM. That section
divides the crew performance competences into 3 areasii¢atlcompetence, procedural
competence and interpersonal competence. The technical competence includes manual flying
skill, knowledge of systems and use of automation. The Procedural competence skill includes
knowledge of the procedures and adherence romeplures. The interpersonal competence
includes Threat & Error management, communication, leadership and teamwork, workload
management, situational awareness and decision making.

In the interpersonal competence section, pilots are encouraged to anaouigeities and
uncertainties so an understanding can be gained. The PM is required to call attention to
deviations from desired attitude, speed, heading, altitude or track using appropriate call outs as

% For the ET Jet Upset Recovery Procedure refer to Appendix Y
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outlined in the B737 SOP If the deviation is notarrected he must again make the appropriate
call.

The FOPM stipulates théitt he captain determines the assig
eachflight®®. 1t al so gi ves t-hssignhimselfas Phat anytime ddrieg i s i
the flight, with due considerations of all relevant circumstances.

Interviews conducted by the IC confirmed that the CRM facilitators as well as the training pilots
emphasized on the F/O to be assertive. They also confirmed that they were required to take over
control in case the captain becomes incapacitated. The review of the ET training program
revealed that this situation was part of the training curriculum, information confirmed by the
training pilots who clarified that it was done mainly during simulator sessiéimapter 3 of the

ET FOPM discusses the issue of incapacitation; both obvious and subtle. It clearly stipulates that
subtle incapacitatoni@consi dered a more significant saf
detect and the effects can range from gai a | l oss of function to c
also provides guidance to recognize incapacitation through one of the following symptoms:
Al ncoherent speech, st r apatedxedspaiaexpression @mkyr r e g u
motionthat s ei t her del ayed or too rapid. o

Training to identify cases of subtle incapacitation was further discussed with ET; the way to
identify that situation was explained by the VP Flight Operationalouts when deviations

from norm; if not positive e s pons e, t h e fihe Ray tottakekores is explagneddn
Chapter 3 of the ET FOPM and calls for the PM to take over control of the aircraft by
announcing Al have copildtrol 6 and engaging the

However, in one of the F/@arly fixed baseimulatortraining sessions (FBE Lesson 7), the
following remark was written about his performanceasRMs a PM i nter feres
unnecessarily. Has to be confident with his actions. Should stop asking irrelevant questions.
Should stoprepeatn g mi nor mi st akes. 0

During one of the interviews with a pilot who was very close to the Hiat pilotrecalled

hearing from the pilot instructors that had tautjie F/Othat he wasit he bes Thest ude
sameinterviewed pilot replied to a question from the IC about the F/O assertiveness in the
following terms:sifassertive with his peers, when he i
what he is doing

Furthermore, i n one ofhing tepoet (FESA B)! thei traidirgy pilotr a n s |
menti oned abougtenheirsaltliryailnaecek tohfatc oincentr ati o

1.17.1.13 Ethiopian Airline Safety Program

As an IOSA registered operator, Ethiopian Airlines has a safety program that was grified
investigation during the visit to Addis Ababa. That program includes essential elements like the
Flight Operations Quality Assurance (FOQA) program and the confidential reporting system.

Trends from the FOQA program are addressed and were also discussed with the IC. In
accordance with the information relayed by the safety personnel of ET, no particular identified

1> Refer to Appendix N for the Standard Deviation Table
16 Refer to Appendix W ofhis report

Investigation Report z ET 409 Page52



trend could be related to the events of flight ET 409.
1.17.1.14The Maintenance Organization

In accordance to documents provided by ET, the company is a FAR 145 Approved Maintenance
Organization (AMO). It covers the maintenance from light checks (e.g. transient checks) to
heavy checks (C checks) . ramdata, doapreup art tkerbéass ofma i
the manufacturerdéds recommended maintenance
to its oversight. It is also audited by the FAA in line with their FAR 145 approval requirements.

1.17.2 Review of oversight by th&CAA

The IC has had access to relevant oversight documents by the ECAA during their visit to Addis
Ababa 2427 January 2011.

1.17.3 The ATC

The Lebanes®GCA controls the ATC Services located at BRHIA. According to documents
provided by the Lebane$2GCA, the ATC system consists of a Manager, a chief for the ACC
and a chief for the Aerodromeo@trol. Thirty six air traffic controllers work as three groups;
each group works for twenty four hours and rests for forty eight hours. The widkimgand

rest periodsvithin eachshift are planned by the supervistypically an ATC controller would
work between 2 3 hours then take his rest at the designated area

Each group working at hACC consists of a supervisor asid air traffic contollers whowork

as Area and pproach conbllers and as assistants. Thewer group consists of a supervisor
and four controllers who work awer andGround controllers. In addition there is tRkght
Information Gntre where there are some personnel from the #a€ & Telecom department
handling the work.

Typically, the Ground controller would handle flights on taxiways and at gates. He will also
issue the initial ATC clearance, stah and taxi permissions. The Tower controller issues the
departure and landinclearances and controls the air traffic within the airport airspace up to
3,000 feet. Above that altitude, the ACC is responsible for the control of arriving, departing and
overflying air traffic.

According to ATC records, at the time of the acciddr@re was one ground controller, one
tower controller and a supergishandling the traffic in the Tower. There was also aprAach
controller, an assistant controller and a supervisor handling the traffic in the ACC. All
controllers reported for duty 8700 LT on the morning of 24 January 2010 and were scheduled

to come off duty at 0700 LT on 25 January 2010. During this twenty four work period, the
supervisor scheduled all shift and rest times. The Lebanese CAA confirmed these times as
correct.

All the controllers handlingthiopian Airlines flight 40(ETH409) on 25January 2010 have
licenses issued byebanon DGCA in accordance with the LARs provisions and ICAO
standards.Records provided by the Lebanese CAA, all the above mentioned controllers
conpleted the required initial and recurrent training. Their last recurrent training was completed
in March 2009.
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The rel evant controll erso mo s t recent me d i
certification stipulating they were conducted in accaoogawith the standards specified in ICAO
Annex 1, "Medical Standards and Certificatio

1.18 Additional information

1.18.1 Location of Wreckage

Based on the Radar track recorded at the ATC, the IC estimated the aircraft wreckage to be
located 45 milesSW of BRHIA.

The search and Rescue operations started in a dominantly stormy weather and rough sea. This
has forced the S&R operations to be suspended from time to time. Floating parts of the aircraft
and some bodies were collected and found at diffdogations NE of the calculated wreckage

area.

The IC requested from the ships conducting the S&R operations to try to locate the exact area
where the wreckage could be found. This was done through a survey of the sea bed where the
wreckage location wasalculated and through trialsy a ship equipped with submarine
identification technology to tryo locate the signal transmitted from the CVR and DFDire
equipment on board that ship was adjusted to enable it to pick up the signals sent from the
pingersattached to the DFDR or CVR.

On 27 January, one of the S&R ship reported picking a signal 14 Km to the west of BRHIA. The
sea bed in the area where the signal was located is 1400 m deep. The Lebanese Government
decided to contract the Ocean Explorer stipcome to Lebanon in order to retrieve the
wreckage, the recorders and the human remains from that deep location; the estimated time for
the arrival of that ship was 10 days. In the mean time, a team from the BEA equipped with the
proper technology wasspatched to that same area in order to determine with greater precision
the location of the wreckage. The BEA team was unable to receive any signal at the location
reported previously as 14 Km West of BRHIA.

However, the team decided to sail back toatea originally calculated by the IC. This time the

BEA team succeeded in locating precisely a signal. The Ocean Alert ship took underwater
pictures of that area and the location of the aircraft wreckage was successful. The depth of the
sea bed in that ea is 45m. However, the pictures and videos did not reveal the location of the
DFDR or the CVR. Navy divers were sent with the proper equipment and the signal was located
under the tail of the aircratft.

The USNS Grapple ship picked up the tail from the Ised, which allowed the Navy divers to
retrieve the DFDR, which was delivered to the IC.

The CVR was emitting no signal. Photos of the CVR were issued to the divers who continued a
physical search of the sea bed to locate that equipment. On 10 Febmu&YR Chassis was
located, but the CSMU was missing. The physical search continued and the CSMU was finally
located by the Navy divers and delivered to the IC on 16 February.

1.18.2 Search & Rescue Operations

Once the accident was acknowledged, t&& Sperations were launched under the command
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and control of the Lebanese Army. The Directorate General of Internal Security Forces, The
Directorate General of Civil Defense, the Lebanese Red Cross aBeitheFire Brigade were

all incorporated into th&&R efforts. However, due to lack of advanced equipment, the Army
command decided to seek the assistance of the UNIFIL Naval Forces located in the area, this
included ships and helicopters belonging to Germany, lItaly, Turkey and Greece. The
government als requested the assistance of the USA, France and the UK. Two civilian ships
properly equipped for underwater search, the Ocean Alert and the Odessey Explorer, were also
contracted by the government and put at the disposition of the S&R team.

The reasonhe Army was tasked to lead the S&R operations are three fold: the 24 hours level of
preparedness available at the Army Operations center, the necessity to protect the accident site
and the lack of resources available to the other governmental entitieArmiiealso entertains

good relationship with other forces operating in the region, especially the UNTHik.
cooperation provided the government with supplemental developed tools that helped achieve the
required S&R operations to a high standard, conisigehe prevailing weather and the logistics
available to the Lebanese government. A report describing the S&R operations has been
prepared by the Lebanese Army and is attached as Appendix E to this investigation report.

The total time spent carrying tf8%R operations was 25 days, out of which 3 days where the
operations ceased because of rough sea and bad weather. The equipment designed to detect the
signals from the black boxes was sent by the BEA and became operational orl"tbe 30
January.

1.18.3Testimonies

Many eye witnesses, including a Tower controller and arriving aircraft crew reported concerns
about the weather and seeing a fdball of fire
time of the accident. Testimonies from these eytesses were recorded. Some of these
testimonies are included in this report, particularly the ones of the ATC controllers and crew in
the vicinity of the flight.

1.18.3.1 ATC Controller

Testimonies from ATC controllers revealed that ET 409 was cleaweal standard Lateb 1 D
departure by Ground frequency 121.9. The flight was then released to Tower frequency 118.9
who issued ET 409 a clearance for takkewith a direct right turn to Chekka VOR as the
controller specified in his testimony that fien cad ithat this is a good heading to avoid
weat her observed to t heHowevantwhen the Botver coftrollerh e
contacted ACC to advise them of the new clearance issued to ET 409, ACC advised him that
they had arriving traffic and suggedtheading 300or 315. ACC testimony advised that these

two suggested headingsp e r mi t Et hi opian flight to be av
clouds €é€ also they ensure the safety of the

The Tower controller releared H 409 on a heading of 3i%after being airborne, then
transferred the flight to Control frequency 1198ice with ACC the controller suggested to the

crew a heading of 270for 1520 miles in order to avoid weather; he also gave the crew the
choice of any other heading they deem necessary to accomplish such weather avoidance, as long
as they advise the controller if that heading. However, when the controller saw theufingyng t

well beyond the 315cleared to heading, he suspected they were proceeding direct to CAK and

i mmedi ately changed his fisufgtgesamofidbnsor uaatri
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left to a heading of 270 That heading was acknowledged bg trew and the aircraft started a

left turn. Nevertheless, the aircraft was never steady on that heading and continued to turn
further to the South, which instigated the controller to instruct the flight many times to turn right
on to a heading of 27Qill the end of the flight.

The testimony of the ACC controller is consistent with all what was recorded on the aircraft
CVR and the ATC recordings till the aircraft disappeared from the Radar screen.

Following that disappearance, the controller tried sduenes to communicate with the aircraft

on 119.3 and on the Emergency frequency 121.5 without success. He asked other arriving traffic
to check for ET 409 on their TCAS, but that was also in vain. He called the Tower to advise
them of the situation ana tactivate the emergency plan. One of the Tower controllers advised

thathesawia | i ght over (SWhfeBRKA).STheaACB superwiaod specifién
his report that the Tower controllegported seeingi s ome or ange | i ght f al
The i ncident Notice filled byRemdrk®e Ciinvieet fs aoW anl

orange explosion on the sky dver the sea bef
1.18.3.2 Crew in the vicinity of the flight

Testimonies from crew flying in the viaty of the flight were requested and received by the IIC
and reviewed by the IC. Three testimony reports were recdroed the following flights:
Etihad Airways flight EY 533, Malev flight MA 240 and Olympic flight OA 463. EY 533 was
arriving from the NEMA 240 from the NW and OA 463 from the West.

These testimonies provide good weather and environmental information from a flight crew
perspective. The EY 533 testimony statesthatur i ng t he approach ther
around the airport withr e por t ed t hunder s They ass reported seeéingg ht r
fimaj or |l ightning from t han dumiag irgosntediunedal. , Tjhesg/t
also confirmed that ATC asked them to look for ET409 on the TCAS and that they had no trace
on the flight. The crew provided a sketch of remembered storm in the area which is in accord
with the weather recorded on the Radar at the time. EY eventually carriedrauyml from

runway 16 and landed on runway 03 due tewaild. During that gearaund EY 533 was given

by the Tower the standard -goound procedure for runway 16, which is turn right heading 270

climb 2000 feet. However, they maintained a heading of gb@void the cell west of the field.

It is worth noting that the garound routas about 56 miles south of the point where the ET

409 was given instruction to turn left headBig*®,

The MA 240testimony reported thatthéye x per i enced | i ght to moder
approach and observed embedded and isolated thunderstpring $he daircraft was
approaching the field from the North West.

The OA 463, approaching BRHIA from the Weseported that their pati was c| ear
weather, but there was thunderstorms activigrtN and North Westof the airport 515 NM

f rom t hEhe ©Ahcamain algo reported seeing N/NW of the airpast b a | | whi ch
for2230 and which | considered to be a lightnir

" Refer to the ATC testimonies and incident notice in Appendix T
18 Refer to EY 533 garound diagram in Appendix U
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1.18.3.3 Other eye witness

Many eyewitnesses contacted the government officials stating that they saw at the time of the
accident a dball of fireo falling into the
These reports raised many speculations by the media who associatset tiviness reports

with the aircraft accident and built various stories and theories based on these a&muats.
various declarations by people who were not associated with the investigation also contributed
to fuel some media speculations.

1.18.4 Aubpsy of Flight Crew
The recoveredemairs of the flight crew did not allow any autopsy to be conducted.
1.19 New Investigation Techniques

No new investigation techniques have been used apart from the technical work conducted by the
BEA, the NTSB and Being.
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2. ANALYSIS

2.1 General

The flight crew was properly certificated and qualified and had received the training and off
duty time prescribed by the ECAA regulatiobata from the CVR and DFDR indicates thfa
captain was PF and the F/O was the PM. The FD was ON during all the flight and the AP was
OFF during all the flight.

Apart from the crew comments during ghght on the meal that prevented them of sleeping
properly, o otherevidencereported to ta IC indicated any prexisting history of medical or
behavioral conditions that mi g hrést ghalitypriorewd v er
the flight or theirperformance during the accident flight.

The airplane was certificated, equipped, and dispatched in accordance with the ECAA
regulations and approved Ethiopian Airlines proceduxesther the DFDR data, nor the CVR
data showed any evidence of a warning linked to a system malfunction, or afaiaje
occurring during the flight.

At the time of the accident, there were light winds, isolated clouds and imbedded cumulonimbus
extending between 2,0006 and 24,0006 to the
generated some thunderstorm activitissogiated with changes in the wind direction and speed,

in addition to some rain and light to moderate turbulence around the airport area. The
temperature on ground was °lindicating that icing conditions would most likely be
encountered during climlgnce flying into cloudsat higher altitude and lower temperature

There was no record on the DFDR or the CVR for the use oficamgi during the flight;

however, there was no record of any system malfunction or failure normally associated with
icing. Furbermore the recorders data and the pieces of the wreckage retrieved from idater d

not show any evidence of a lightning strike that may have jeopardized the flight.

According to the DFDR data and the analysis of this data reproduced during the simulation
performed at the Boeing facilities in September 2010 (refse¢tion 1.16.3 and Appendix K),

the flight profile was not significantly affected by winds. The flight profile was the direct result

of the flight controls inputs and of thrust settings; theusation proved that the aircraft was
recoverable at every stage of the flight til
high rate of descent and increasing speed beyond the maximum ceS8ifradation beyond

that point would not allow eealistic reproduction of the aircraft behavior under these excessive
prevailing conditions.

The reports about seeing a dAball of fithe ed a
CVR or the DFDR recordingshor with the wreckage examinatiand the autopsies conducted
on recovered bodie3his issue is further discussed in paZ&.this analysis.

Therefore, the immediate reasons of this accident are to be found in the crew actions which are
discussed in the following scenarim that sceario we didbreak down theaccidentflight by

event in order to anatg what happened at every stajehe flight, thus allowing us to conduct

a step by step analysis prior to analyze the factual information based on the different areas that
affect aviaton safety.
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2.2 Analysis of the Flight Events

The beginning of the flight is considered as normal until 00:3&I86pite the fact that the crew

was flying the aircraft with the control column not in the neutral position for the first minute and

a halfof the flight Events happening before that time, such as discussions prior to startpstart
operation and taxi out are correctly dealt with and do not reveal any indication that the crew had
difficulties to run the flight. The crew seems aware of tleativer conditios; just before take

off, and in line with ET procedurethe captm is heard on the CVR sayiigWe at her on
s i drefaring to the information he selected on his Rad#though this is inline with ET
procedure for the PF to have Weather on his side, the fact the radar range was set to 10 NM
instead of the 40 NM called for as per SOP is an indication that the crew suspected to encounter
weather in the immediate vicinitf the airport.

In the following analysis, the flight scenario as reproduced from the DFDR and CVR recorded
data has been broken down iritdh parts;a first phase followed by 18vents(from 2-11) in

order to facilitate the analysis and allow a bettadarstanding of each event within the
operational context of the flight.

2.2.1Phasel: Take-off

During the takeoff run, the CVR recorde@ sound similar to interference on the radio followed
by the captain sayinf di d y ou TBhese twd dventmayorefer tolightning activities
somewheren the vicinity of the airportHowever, no reaction is recorded from the F/O apart
from the standard 8 o K patl wherd passing that speed on talke Which most probably
implies that nothing which might &€t the flight had happened; apart from the fact that bad
weather was not far from the field, as broadcasted on the ATIS which was copied by the crew.

Apart from that recorded evenhet aircraft takeoff weight as listed on the weight and balance
form was 70,443 Kg;which wa consistent with the gross weight that was recorded on the
DFDR. However, the AFM recommended ta&f stabilizer setting under the flight conditions

is 6.9 units. The event weight and balance ftisted that setting as 5.26 unitghile the actual
setting recorded on the DFDR was 5.94 at the start of theofakell. As a result, the stabilizer
position during takeff was more airplane nosown thanthe stabilizer position recommended
by the AFM;althoughthat setting was stilwithin the acceptable certified range for také
(Green Band).

The investigation was unable to determine why the weight and balance form showed a
difference ofmore thanl unit in trim setting from the AFM or why the actual stab trim for the
event fligh was set almost % unit from that listed on the weight and balance form.

Neverthelessas a result of that migdem, the crew had to pull the column during the initial
climb to maintain the desired climb attitude. That pull was maintdnyethe crewfor nearly
oneand halfminuteafter rotation. During that period, only a shy attempt to trim the aircraft is
recorded more than a minute after rotation on the CVR, without being long enough to be
recorded on the DFDR, bringing the pitch trim from 5.9.tbuhits, which was still far from the
recommended takeff setting of 6.9 units.

2.2.2Event 2: Turning beyond the cleared/selected headingl5

The secondunusual event is recorded at 00:38:30 when the atieatling of the aircraft
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exceededhe 315°selected heading without any actibom the PFon the controlwheelto
reducetheroll or to stop the turnalthough the FD gives indication to reduce.rdhat inaction

was not met by a call from the PM as required by the ET. SOR exceedanceontirued for

140 when the aircraft had exceeded the <cl ea
heading of 003°. According to the CVR, in the time period around this precise moment, the crew
workload seems to be focused on three things: to take intor@icttee ATC clearance to climb

to FL 290, the Aflaps upo called by the capt

As PM, the F/O h& many things to do during that period, such as: reading back the climb
clearance, setting FL 290 on the MCP, chegkthe speed before actuating flaps lever as
commanded by the captain, and finally listening to an unexpected ATC message on suggested
new heading and routing to avoid weather.

The Capt aadws certamly lovkef, @and his priority shoubdvebeento fly the aircraft

and verify the weather on his Radeiowever, his roll bank angle exceedance and his continued
turn beyond the selected heading and against the FD command indicates dltt@intien wa
mostprobably diverted to other thingsiaybe nonitoring what the F/O wsadoing and listening

to what the controllewas saying: the captain spontaneouslyeasto repeat the suggested
heading leading the F/O to ask for a confirmation. The difficulties encountered by the captain
were certainly aggravated by the fact that he was pushing down the control column while at the
same time commanding at 00:38:44 forapeod of 30 a trim up which
pitch trimfrom 7.9 to 8.8&initsand a airspeed 0196 Kts. That manual trim command was the

last one commanded by the crew during the flight and resulted in the aircraft computer
memorizing that speeds the one the crew wanted to maintain, despite the different speed
selected on the ME®.

Thereafter,the Captaid workload was increased by flying an aircraft that is out of trim, which
generally requires more efforts and attention. This explaindéhanlyrealizel that the aircraft
attitudewas becoming unusual when theb a n k 0 a a b bseriggeradabecause of excessive

bank to the right. Thiglsoindicates that the captain was®st likely momentarily unaware of

the aircraft bank arlg and headig. The use of the autopiletould have helpedhe crew to

reduce its workload and would have improved piloting accuracy. The airline SOP serepha

the use of thautopilotand states thdt manual |y f ol l owing the FD ¢
AAL ingoodwat her and | ow traffic areas malpat al so
encouragement implies the necessity to usethepilotwhenever the weather is not good and

the traffic is not low, both conditions present during that dark night period. Thertfe
captainbés decision to fly manually was a m
situation. Technically, the autopilot could have been engaged after 400 feet, according to
FCOM.

2.2.3 Event 3: Overbanks during left turn

At 00:39:01 twoii b a n k  aannts Wee deard gain. This time the bank angle svan excess
to the left. Since 00:38:42, in reaction to the previdus a n k  aanntg,| thee daptain dkept
the control wheel to the left. Three seconds before this second sedksmivas heard, the
captainhadasled for a confirmation of headingt this moment the selected headingsvill
315°. Therefore the cagoh was turning to a heading target whialas not yet updated. He may
have feltuncomfortable with that and asking a comiation of the heading may also be

19 For more information on the different modes of operations of the stabilizer trim, please refer to Appendix M.
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interpreted as a request to the F/O to update the selected hddalivieyer, 8 hewas paying
attention to headindie was not paying enough attention to baarigle The captain reaicin to
those alarms shaed that he wsmost likely unaware of the bank angle heas himself
generating. tt must be kept in mind that it wanight time with large clouds bringing probably
total darkness outside the amft which wa turning above the sea, and depriving the captain of
any extenal horizontal referengevhich could lead to spatial disorientation

The Primary Flight Display (PFDis the main tool talisplay theaircraft attitude therefore the

main display used by the pilot to monitor and adjust that attitude, as required Bighhe
requirements. While this is normal flying practice in airline flight operations, it is vital in
Instrument Meteorological Conditions (IMC), similar to which the accident flight was in (night,
clouds and no outside visual referenc&)ring thisleft turn, the FD vertical bar, displayed on

the same instrument, moved from left to right to indicate that the pilot should reduce roll. The
selected hading 270° wa set by first officer at 00:39:04 providing the captain with an updated
heading targetThis indication as well asthe excessivebank angle seens to have been
unnoticed by the captain.

2.2.4 Event 4: § series of overbanks

At 00:39:29 a third swesrhéasdon thefCVRL Dhee hdnk aagieg | e 0
again in excess to the ldfecause the captain initial reaction to the right to theipcewr s  f b a n |
angl edo al ar cossistena sosufii@enttald eid not significantly reducehe bank

angle. Furthemore, he hadétept the control wheel slightly to the left aftes initial action to the

right, contrary to the FD indications. Aidionally, the actual aircraft heading svarossing the

270° selected heading, indicating that the captain missed this; faoffetas heading reading or

FD command

After initially reacting to theoverbank warning while turning left by applying more left wheel

input, as recorded on the DFDRetcaptairapplieda roll input to the right. All this information

tends againtotel hat t he c apt beemidsdfficientlytpa&ichtd theobasityfhg d
parameters. An explanation could be that his attention was diverted by the sudden rain the
aircraft encountered at 00:39:22. At this time the weather condition may have been a significant
preoccupation for the crevespecially that it must have beédn s pl ayed on the ¢
which was selected to fiwWeathero

A few seconds laterthe captainsdad M OK e ngag e, idioating phatl et fél
uncomfortable withmanually controling the aircraft and that hevas looking for a solution.
Despite his cal, there wa norecorded autopilotngagement. The reason why it did not engage
was that the pilot waapplying some forces on the controls, which is outside the engagement
conditiors of the autepilot®®. It must be noted that throughout the flight, with the exception of

the period between 00:38:05 and 00:38:40, there had been continuous forces applied on the
control column due to the fact that the last speed the aircraft was trimmed to was 196 Kts and
theflight crew did not adjust the stabilizer trim manually in order to keep their aircraft in trim at
the required speed. That surely increased th
basic flying skills requiring the aircraft to be continuouslyrim when flying manually in order

to relieve the pressure on the control column, allowing the pilot to focus on managing the flight.

As no reply from the F/Qvas heard on the CVR, it is likely that hednao t hee ac ap ttehi n

% The Boeing ETM clearly stipulatesthétt he ai rpl ane should be in trim an
should be satisfied before autopil ot engagemento.
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call concerning the aorpilot, or that he did not make the confirmation call because the autopilot
did not engagéf so, the captain should then have detected that higacallaction?had not led

to the expected resuhowever, ke male no comment about it. Those principlécalls/answers

or challenges/responses amctions/results) are the basics of pilotdigciplineand of CRM.

Six second later, the controller repeathe instructed headingf 270° The F/O reads badke
instruction correctly. The captain askagain for the heading indicating thatWwes still lost in

the direction hevas supposed to galespite the fact that it had been received and confirmed
more than once and displayed on the instruments in front of him

2.2.5 Event 5: { Stall

At 00:39:3® the captairwas heard saying in Amharicw h a t 0] just béfdreathe activation

of the stick shaker (from 00:40:01 to 00:40:ZB)at call was repeated twice during the stall. He

was also heard sayinds p@eds the stick sHisJoeerindica®sa ¢ o mi
significant stress level. It isoh possible to know what he w@recisely refeing to; refering to

i bank iauantkeheb&cause those alarms were previously heafdring to stick shaker

would indicate that heid not identify te stall warning which would be surprising for a 737
qualified pilot referring to the strange displays related to airspeed and/or the aircraft vertical and
lateral attitudes on the PFD would indicate a loss of situational awareness; referring to an
exterral factor such as weather would also indicate a loss of situational awareness, since the
weat her was di spl aTherdlored is madrehligely Ehét bavas eferringt@ n

the global duation indicating that he didnt u nd er st a tiodwasvdegradihghresuch i t u a
a way.

He thencalled 5 timesfi g 0  a r; startimgl fiomthe moment he pushed the thrattlehe

TO/GA switches on the thrust levengere pushed, with no change in the FD modes since the
TO/GA mode vas already engaged. The FAaid in a cool voiceflRo g er Go arou
confirming that this mode vgaactive. This action wa& in line with thenitial approach tcstall

recovery procedure in force at the time of the accident and could have contributed
aggravating the situation by ireasing the AOAhad the thrust been at a lower power setting
However, neither the thrust was reduced since-tdiko produce such an effect nor the pilot
followed the laid down approach to stall recovery procedure in force at the time of the accident.
The increase in the AOA was the direct result of the aircraft being out of trim and the pilot
failure to adjust the attitude by pushing on the control column. As a matter of fact, the pitch
eventually reduced through the nasmwvn stabilizer trim input madby the speed trim system

for a period of 70 to compensate for thére de
flight crew did not realize what was exactly going on at that time, when the aircraft attitude was
very high, the speed decreasingaaftast ratethe aircraft loosing altitudand the stick shaker

active, while at the same time hearing méréd a n k  ealisgHEvents were outpacing the

crew.

Addi t i on a lbdnkangién os dvesiheasii a few seconds Igtarile the stick shaker
was still active This exessive bank angle to the left sva consequee of the stall situation
(AOA was around 20° at 00:40:02 atitenreacled 30° at 00:40:14) where aileron meless
efficient. The throttlevere pushed full forward for a short instant then pulled back a little for a
few seconds and then pushadain violently enough to be héaon the CVR This can be
interpreted as a hesitation of the captain on what action to take.

L That procedure was changed later on and the new procedure calls for smoothly applying nose down prior to
advance thrust as needed Refer to AppeKdiar the old and the revised approach to stall recovery procedure.
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The autethrottle wasthen disconnectedmost probablyia the autethrottle disconnecswitch

In fact, there are several ways for the atlmmttle to disconnect; not just with the switch.
However, this switch is directly recorded on the DFDR and was shown active at therasame ti
that the autdhrottle disconnected. Furthermore, it is typical for crews to press this switch twice,
once to disconnect the atifarottle and the second time to cancel the -dhitottle disconnect
light; that was the case in the accident flight.

During that time period, the aircraft attitude was pitching towards 38.5° up and the spgeed wa
abnormallydropping through 154 Kts towards the minimum 118 Kts reached during the stall.
The captain had difficultiemaintainingpitch because the aircraft was tnmed to a low speed
resulting in a tendency to pitch up. Once hi
the excessive bank angles, his attention was diverted from maintaining the correct pitch attitude
of the out of trim aircraft.

Technically and as per the definition of HAupseto
action from stall prior to upset recovery action. The upset is defined in the ET QRH as a
situation where the aircraftisuni nt enti onal ly exceseding the f
A Pitch attitude greater than 25 degrees
A Pitch attitude greater than 10 degrees
A Bank angle greater than 45 degrees, or
A -Within above parameters but flying at a

During the perioddiscussed in this event, 3 out of these conditions were met: the aircraft pitch
reached values greater thar? 26se up, the bank angle reached values greater tfiaand3he
airspeed was inappropriate for the conditions. In such a case, the QRH rc#this following

pilot action:ilf the airplane is stalled, recovery from the stall must be accomplished first by
applying and maintaining nose down elevator until stall recovery is complete and stick shaker
acti vat i Whmatrealydhapeesed 5 coneply opposite to thad

In fact, at the beginning of the stall, as the speed was dropping below the last pilot commanded
trimmed speed, the aircraft speed trim system commanded, as per design, a trim down input
relieving some of the pressure from the control column. The pilateéaby significantly

pulling the control columiback andringingthe wheeto theright, while putting some pressure

on the right rudder pedalhose actions id not completely match what waexpected as a
reaction to a stalithe ET QRH calls for the pilot to apply and maintdim o s e down el e
which was not initially done by the captatiowever, that nose down elevator was applied later

on during the stall, which eventually helped #iecraftto recover fromthestall2 70 af t er
activation of the stick shakeias that a training issue or a lack of situational awareness issue?
That point is further discussed in section 2.5 of this report.

Throughout that evengpart fromthéi r o g e r g confamation endhehrust settingno

other comment was heard from the FlIDp we v er , when he r eqoéri ed i
r o g ¢ortlee ATC instructions of turning towards heading 278is calm tone of voice had
changed, which most probably indicated a certain amdwsttess that was not identified in his
previous transmissions. This indicates that he was aware that the situation was not normal. In
fact, throughout the flight, the F/O seems to be responding properly to all instructions from the

22 \While the DFDR records only stighaker, the DFDR data concerning speed, AOA and altitude indicate that
the airplane was in full aerodynamic stall at this time.
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captain and the ATC, heas selecting on the MCP and calling all the headings and flight levels
instructed by the ATC, so why didndét he rai
flight was deviating so far from normal? The ET standard deviation calls SOP reqgaies!th

to call any fAinappropri at e @ndpny spedd dedigioniolt+i5 o n
Kts ori 5 Kts, all of these conditions had been encountered and exceeded by far, many times till
that phase, without any challenge from the F

This question will be addresd in the Human Factors part of this analysis.

2.2.6 Event 6:The captain requesting help from the F/O

Towards the end of the stall, as the aircraft pitched down towards zero, a left wheel input was
made on the order of 5@long with a right rudder inji of 5°. These opposing inputs resulted in

a condition -kaomtwmno lacs drcd orsessul ted in no sign
next 200.

At the same time, as the speed started to increase beyond 195 Kts, the speed trim commanded a
nose up im input increasing the pitch trim from 8.2 to 9.3 units at 00:40:37, resulting in a
further increase in the aircraft pitch up tendency. The crew did not take any actienirotres

aircraft to the desired speed, so, once the nose down pressure \@asded@ the control
column, the aircraft pitch started to increase again and became clé@® up, well above the

FD indication that the captain haddt f oThe direcerdsult of the pitch increase was a
speed decrease. This was noticed by the F/© epplied for the first time the standard
deviation calls SOP and called in Englightime 00:40:48it he s peed ,asstwakr oppi
decreasing below 200 Ktat the same time the flight crew released the right rudder input while

the left wheel input wamaintained.

The captain reaction to the F/O call was a confirmation in Amifiascp e ed 1 s .Thati ng
confirmation by the captain was immediately followed by him with a request in Anthabi¢
try to do Oxe meet thatall gndicates thahe most probablyneecd help to
control the situation without being able specify what type of help he waequestingNo
reaction from the F/ O wadaffirmeehsaevidterdcafitsi p de d7co |

2.2.7 Event 7 Approach to the second stall

As the flight crew released the right rudder input and maintained the left wheel input, the aircraft
rolled to the left beyond 38riggering at00:40:52and 00:40:54 twé b a n k  @anngs.| Thed

cross control situation thavas induced by the crew actioluring stall recoveryprevened the

roll command from being effective and possibly lead ¢hptain to add more left wheel, so
when the captain bughtthe rudder backo neutral the roll authority veaback and the aircraft

rolled excessivelyo the left The captain reaction at 00:40:57 was to induce a right control
wheel input and a right rudder input; however, the stick shaker activated again at that same time
andt he cr e wliesameg mastdikelytd splve thedecreasingpeed andncreasingpitch
probl ems previously mentioned. 20 later, a
rudder i nput was maint aicmed,r ol ®s wslittiurag | @qga ia
entering its second stall. Theptain was probably overloaded with solving the escalating
situation.

2.2.8 Event 8: 29 Stall

The second stall started as the aircraft was approaclt00@ $eet;at 00:40:57 the stick shaker
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activatedagainand r emai ne d aicraftréenteed astlbsituatibrniAOA reacted

its maximum values of around 26° at 00:41:09Qontrary to any stall recovery procedure, the
control column wa initially kept backwarcand gr adual ly 1 ncreased ¢
control wheelwas commandetb the Idt with right rudderinput which dicth 6t p e r mnvet t o
the situation. Roll reachadore than 90° to the left. The aircraft pitdndown, the speestarted
toincreag at a high rate and thenical acceleration dramatically incredse

In the midst ofall what was happening, the aircraft was still turning to the left towards the
mountains. This alarmed the ATC controller who repeated for the fourth time his instruction to
the aircraft to turn right heading 27Q@varning them that they were turning towards the
mountain. This time, no reply was recorded; however, a sound of an open mike was recorded on
both the aircraft CVR and the ATC transcrip
(probably the F/O) wa trying to read back the clearance or transmit another message but
coul dnét do that, probably due to the fact t
had left him speechless.

Simulation performed during the investigation process showedtthats possible to recover
from this second stall with significant nose down inpidwever, the iew of ET409 was not in
the same psychological situation than the investigator during the simuldian this
nevertheles shows that with adequate reavers the situatiorduring this event, as well as the
situation in all previously analyzed eventsas recoverableéhrough the application of the
approach to stall recovery procedure in force at thattime

2.2.9 Event 9: Spiral dive

As the aircraft continuwestalling, the aircraft roll to the left continued leading the aircraft into a
spiral dive with the bank angle reaching a value of Tlef and a pitch attitude of 4&ose

down. At 00:41:15 a right control wheel input was recorded with a right rysketial input,

which could have been an attempt by the crevevel the wings.Simulation performed during

the investigation process showed fhaten at that stagé, was possible to recovdrom the

upset and save the aircraft without exceeding any structural limitations. However, retarding the
throttles all the way to idle and the manual use of the electric trim switch would have been
essential.

Two seconds lateat00:41:17, as the bank angl@s decreasing to a value 856° left,the crew

induced a left control wheel inpagain and lwughtthe rudder back to neutrtilen to the left.

The aircraft wa still stallingat 00:41:20 and thbank anglevas 60° left wherthe crewrolled

right again still applying kft rudder! The control column wakept between neutral and aft
throughout that event, the input on the control wheel was shifting between right and left as well
as the input on the rudder pedals, often leadmg ta A cr oss control 0
aggravating the situation.

't 1is difficult to under sstiapatdharigéseHe maymaveahad 6 s
difficulties to read thd’FD as very unusual high banks and low pitelre encountered. &1

could have also felt some unusual heavy G loads wbachd havedisoriened him. Those
changesn flight control inputs and maintaining the thrust atajoundd i dnoét al |l ow tF
to recover from stall situatioor from the pitch down attitude, buindicates that he was still
struggling to save the situatiohhey surely indicate a high level of stress the crew was facing

% Refer to Appendix K, MCab session report
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and a loss of situational awareness of what was really happening, apart from their awareness that
they were facing an abnormatustion.

2.2.10 Event 10: The stick shaker stops!

As the aircraft was approaching tfeav last seconds before the end of the recordimg pitch
attitude decreased to betweerf 35d 73 nose down and the speed increased rapidly through
283 Kits, the stick shaker stopped. The aircraft was passing 5110 ft. The Flight Crew was
applying right wheel input with left rudder input while pushing the control column forward.
While this is a clear idication of a loss of situational awareness, it shows that the Flight Crew
was still physically conscious at that advanced stage of the flight, despite the G loads
encountered due to the aircraft maneuvers.

Theovers peed cl acker was eftretheredd obtime recondeng. The Rircrdto b
continued in its uncontrolled dive towards the sea till it impacted the water. The last recorded
altitude was 129106 and the | ast recorded G |
limitation of the aicraft.

Even at that advanced stage when the aircra
with appropriate action, the aircraft was recoverable and prevented from impacting the water,
but with some G load, in excess of the +2.5 G for whiclattezaft is certified.

2.2.11 Event 11: A dAball of firebo

Eye witness accounts including an ATC controller and a crew flying in the vicinity of the
aircraft reported seeing an fAorange | ighto ¢
thatlested23 0 0 at the time and towards the | ocati

No sign of any explosion or fire were detected on the wreckage, whether recovered or under
water. No sign consistent with fire or explosion were detected during the i@stopsried on

some of the bodies. Furthermore, neither the CVR or DFDR patterns reflect signs of an
explosion or suggest an aircraft bragk as a result of such an explosion. The only loud noise
recorded on the CVR was consistent with the calculated tiimenain aircraft body impacted

the water surface.

The cloud base in the area of the crash at t
of 407 Kts increasing, this means that the t
theai rcraft | ights Aon and that speed this <co
fire, and most certainly as a ball that laste@ @ as descri bed by the

testimony.

The presence of thunderstorm activities in that area dwud also created such an impression;
especially that they produce loud noises similar to the noise produced by explosions and that
they were present and active around the area of the crash. In fact, the Malev crew report clearly
states what the crew saw the following termsfia b al | whi8lb khast evdhi €
considered to be a lIlightning due to the thun

Did the aircraft breaklown because of G forces just before impact, resulting in the end of
DFDR and ATC Radar recording at 1291067 Thi s
Nevertheless, suchabreakp woul dndét have pspeodluticaetite aiecraft e x p |
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was | ess than 20 from impacting the water;
loud interrupted noise.

2.3 Flight Operations

In the flight operations section we shall analggstemic issues related to the airline, the ATC,
the weather, communication between the ATC and the flight, the Airport and the navigational
aids available.

2.3.1Airline Systemic Issues

In this section we examine the airline systemic issues that tawel helped prevent such an
occurrence or helped detect precursors to it. It examines crew qualification and pairing,
procedures, training and safety.

2.3.1.1 Crew Qualifications and pairing

The ET 409 crew experience was within the minimum critenmulstied in the ET Procedures in
the following termsi Capt ai n who has | ess than 300 hou
hours on type shall not be rostered togetér.

The ET 409 crew met those requirements since the Captain had 188 hours and the3=® had
hours on type; therefore they could legally be paired together. That level of experience, although
within the required approved standard, did not constitute a comfortable margin that would allow
the crew to have enough confidence in the operationedditicraft under demanding conditions,
especially when we consi der t-TO@/800 wabaquicedipt a i
the 51 days preceding the accident, which might have affected the purpose for setting that
experience level.

2.3.1.2Ethiopian Airline operational procedures

The operational procedures of Ethiopian Airlines were reviewed by the IC and were found
adequate. They are in line with the Boeing procedures for that type of aircraft and have been
verified during the IOSA audifThey do cover for situations like the ones encountered by the
aircraft, in particular weather avoidance, recovery from stall and upset recovery. It also includes
procedures to call for deviations and for the use of autopilot above the minimum engagement
altitude of 400 ft.

The M-Cab simulation proved that the proper application of these procedures would have had
saved the aircraft at every stage of the flight. The last part of the spiral dive is well beyond
situations encountered by commercial operatidherefore, no particular procedure is expected

to be developed for it. However, applying the appropriate recovery techniques during any
previous phase of that flight would have certainly avoided the aircraft reaching such a situation.

However, proceduresequiring the PM to challenge the PF are restricted to calling and re
calling deviations when not corrected. When the captain is PM, the procedures clearly stipulate
that he can further interfere by-assigning himself as PF. However, no clear writtest@dure

gives the F/O that right, except in the case of incapacitation. Is the pilot incapacitation procedure

4 Refer to Appendix H
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published in the emergency section of the FOPM enough? When the incapacitation is complete,
yes; when the incapacitation is subtle, it is debatabhis will also be further discussed in
section 2.5 of this report.

2.3.1.3 Training in Ethiopian Airline

Ethiopian Airlines training program was reviewed by the IC and discussed with various
responsible training pilots, including the ones wihained the crew. The program is a well
developed one and includes the CRM part in both pilot training and evaluation. Both pilots were
trained in accordance to that program and got qualified through passing all the required stages of
training.

Despite tlose facts andithough the captain and the F/O were qualified according to the relevant
regulatiors and training programthe accident happened. It happened because of the
combination of a failure in basic piloting skills for the captain, and of a CRMréaffom the

F/O to take sufficient initiativeand be more assertive hrelgng his captainor identifying a
possible case of subtle incapacitatidhe issue of CRM and subtle incapacitation are addressed
in more details and depth in section 2.5 of thort.

Nevertheless, e can wonder why Ethiopian Airline, a maj@SA registeredairline with a
training departmentsound procedures, safety program, good reputation and long histsy,
unable to detect, in almitio training, recurrentraining orgraduating traininghat these two
pilots, combined togethemyere possibly to fail. The strict adherence to SOP and regulation is
not sufficient to prevent such accids.

Anot her matter is the stall r e ¢ 0 vtleeseyexetcisea i ni r
during his transition to 73700800. However, if he was able to recover from the first stall
where the sti ck,hsvwaslkoemabldt@avdidehe seCoad one2aiddo recover
from it, orto recoverfrom theunusualnose lowattitudeand excessive bartkat resulted from

the second stalDespite the fact that the approach to stall recovery procedure was changed after
the accident, had the crew applied the procedure in force at that time, they could have recovered,
as demonsated during the MCab sessions. As a matter of fact, the difference between the old
and the new approach to stall procedures are essentially in the necessity to lower the nose prior
to apply thrust in order to avoid difficulties in reducing the AOA rasglfrom the pitch up
tendency as a result of thrust increase. In the case of the accident flight, the thrust was still at
takeoff setting; however, the aircraft was not trimmed properly and had a nose up tendency as a
result of this misgrim.

The captan had joined ET more than 20 years prior to the accident. He flew on spraying aircraft
for 9 years prior to move to passengerso ai
handling skills, which is what we miss in the accident flight.

He was trasferred to many other types of commercial aircraft, including turboprops, jet aircraft
and jet aircraft with glass cockpit. He spent around 6 years on glass cockpit Boeing 757/767
prior to get his command on-30 and eventually on B 73700/800. Accordingo records
presented by ET and interviews carried with the ET training personnel, his track history was
good apart from a final simulator check that he had to repeat during transition to B 737
700/800. Only once during his training a comment is written oiconcentr at i on¢c
indicative of any precursor? Could we consider it as a systemic issue? That question is very
much debatable and not sufficiently backed to be considered as such, especially that it was only
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mentioned once!
2.3.1.4 Ethiopianairline safety policy

Ethiopian Airlines has a safety policy and program that complies with IOSA standards, therefore
with ICAO and industry best practices. That program includes a FOQA program and a
confidential reporting system. A safety officer is ajpped and is independent from Flight
Operations; he reports to VP Flight Safety and Quality.

Information relayed to the IC by ET safety and operational personnel revealed that there was no
previousindication thattrends leading tdhis scenariovere idetified. The fact remains the
accident happened! Were there any precursors that would have alarmed the safety department
about F/O assertivenessie Flight Safety Officer, whis a captain, had heard the CVR tape as

a technical advisor to the Ethiopian Aedited Representative. HHeew the F/O and had flown

with him, he describedhe F/O in the following wordsi he seemed | i ke a se
callouts and performance in flight, he says what he needs to say, he was not the quiet type and |
was surpriseb n t he CVR. 0

That effect of surprise should be further evaluated and addressed by the airline when reviewing
its safety program in order to prevent such reoccurrences.

2.3.2ATC

ET 409 was handled by 3 ATC services: ATC Ground for initial departure clearancéyguksh

and taxi, ATC Tower for takeff clearance and initial climb, and ATC Conti@lrea) for the
remaining part of the flight. According to records provided by the BRNavigation Section,

all ATC controllers that dealt with the accident aircraft were properly licensed in according to
LARs.

Appropriate manuals and procedures have also been verified by the IC and found adequate.
They contain detailed normal and emergency procedures. The ATC personnel schedule was also
verified and is compatible with the LARs and work laws in Lebanon. The AflRecaerodrome
describes the departure procedures out of BRHIA as well as the arrival procedures. During the
night of the accident, the ATC was handling both departing and arriving flights while having to
deal with the weather avoidance issues, whictpanrearily the responsibility of the flight crew .

In his endeavor to help ET 409 avoid weather, the Tower controller amended the clearance to
the aircraft from a LATED 1 D departure to a right turn direct Chekka as he was clearing the
flight for takeoff. Had the aircraft followed the initial standard departure it would have had to
climb to 5,0006 prior to turn r7nyleéstSWiofadhe Ch e k
field. An active CB was identified close to the airport towards the SW. Followeng ATEB

1D SID route would have lead the flight right into that’€B

However, he Tower controller called by phone the Area controller to advise him about the new
instruction to ET 409. The Area controller, who was handling at the time two arrivalsifeom t
North, advised the Tower to amend the clearance to a heading®°adr3®05, which the Tower
controller did prior to transfer ET 409 to the Area controller. That constituted 2 changes in less

% For information on LATEB 1 D departure refer to AppendixFar information on the weather, refer to
Appendi x B and to the Etihad Captainds report in App:¢
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than a minute, but did not seem to affect at that stageOBTwho acknowledged reception of
both clearances and acted accordingly.

Normal ATC SOP calls for the Tower controller to verify with the Area prior to amend the
departure clearance. According to the Tower controller, this SOP was not followed in order not
to delay the takeff clearance given to ET 409. However, this had no effect on the
communication exchange with the flight, since the new heading was immediately well received
and acknowledged by the flight crew. Nevertheless, the ATC personnel shomdeobrdance

with the laid down SOP.

For the remainder part of the flight and the action following the disappearance from the radar
screen of ET 409, the controller appeared to be monitoring the flight closely and getting in
contact with it confirmingtie same instruction to turn onto a heading of’2@®@rder to steer it

away from both weather and arriving traffic route. Nevertheless, these repetitive instructions
were ineffective in making the overloaded flight crew respond to the instruction tmtoirthe

270 heading.

Once the aircraft disappeared and no answer to ATC calls came back, the controller initiated the
emergency response procedure.

The communication part between the ATC and ET 409 is further analyzed in section 2.3.4 of
this report.

2.3.3 Weather

The reported weather on the night of the accident was cloudy, rainy and the sky around the
airport was filled with i1isolated I mbedded (
weather is not uncommon in that area during that periodhefyear. BRHIA seldom close
because of weather, and when it does it would be for a very short period of heavy rain associated
with strong crossvind, or with CBs over the field. Both these conditions were not present that
night at the time of the accideand the airport continued uninterrupted operations throughout

that night.

However, this type of weather and the presence of isolated active CBs produce noise and lights
similar to those produced by large explosions. Furthermore, for aircraft flying in the vicinity,
they add to the stress level caused by added IMC conditionselvhéhe land lights and
features disappear behind the clouds and are replaced by intermittent stormy lights originating
from active CBs. Airline pilots are trained to avoid flying into such weather, and the ET
procedure for weather avoidance is clear igmihstruction to flight crew to avoid flights into

areas with known or forecast thunderstorms. It also calls for ffilotso t  “ofbduringheavy
thunderstorm activity at the departure airfiéft

Nevertheless, the thunderstorms around BRHIA werkatsd and could have been avoided by
abiding to the headings provided by the ATC, or by selecting other headings and advising the
ATC accordingly, as advised by the controller. That part is also further discussed in the
following section 2.4.

% Refer to ET Adverse Weather Operation Policy in Appendix G
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2.3.4 Comnunications

The communication between the crew and between the crew and the ATC sounded very normal
till the end of the ' event, when the aircraft turned beyond the°3i&ading to which it was
cleared and the ATC thought they were turning towards CAK VOR. Till then, the standard call
outs and the communication between the ATC and the flight were perfectly understood and
complied with by both pilots.

A proper analysis ofhe communication between the aircraft and ATC would reveal that once
the ACC got in contact with the flight, he suggested heading. ZH& aircraft was now more
abeam the field to the west, away from the CB that was to the SW. A couple of more CBs were
identified NW and NE of the field, so the controller wanted the flight to navigate clear of them,
while at the same time avoiding conflict with arriving traffic, who had to pass through the clear
from weather corridor to the North of the field prior toaddish on the localizer of the arrival
runway 16,

The Area controller was even tryingduet be
weather to follow heading 270° to be in the clear for fifteen miles twenty miles then go to
Chekka, and itisuptgou j ust gi v e Thosethetconwolleh suggested fgsd an
avoidance heading to the crew and then left it up to tteeamooseany other heading they felt
confortable with to avoid weather, as long as they advised him of that heasimg the
responsibility for weather avoidance rests with the Flight Crew and their aircraft radar is
definitely more accurate than the ATC radar in identifying weather and assessing the associated
risks Figure 15 in that report reproduces the snapshot of the pactare displayed in front of

the controller at the beginning of that transmission.

Figure 15: Radar Snapshot at 00:38:39

However, at that same time, the captain was having problems handling the aircraft, he turned
beyond the selected/cleared heading despite the FD command and overbanked tfiggeaing k

" For more information on BRHIA layout refer to Appendix C
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a n g Wwarnings. That situation might have been preoccupying the crelitha controller offer

most likely added to their workload, since they were concentrating on more serious issues and
focusing their attention on what was going on at an aircraft handling level. This could explain
why the crew initially misread the headiag 210. Neverthel ess, that s
been known to the controller.

Therefore the ATC controller who thought that the aircraft, which was now more thaigl5

of the cleared to heading, had misunderstood the Tower amended clearapdetalihg 315

v/s fly direct Chekka. So he immediately issued a clearance to turn left headingvBith was
acknowledged by the crew. Figure 16 below reproduces the snapshot of the radar picture
displayed in front of the controller when the aircrafialeed a heading of 003The captain was

heard on the CVR reading back in the cockpit the correct heading and the F/O was recorded
setting it on the MCP and confirming his action as per the SO®wall

Figure 16: Radar Snapshot at 00:38:59

Beyond tlat point, the ATC controller was unaware of the problems the crew had to control the
aircraft, especially that no particular call indicating such difficulties was received, and all the
clearances issued to the crew were read back in a calm and relaxedwtiiche exception of
thelastnorst andar d Aroger, rogero call back tra
crash and the open microphone sound he got as a reply to the last instruction the flight crew
could have heard ®mshound 200 prior to the ¢

The controller, unaware of the problems the crew were facing, was unable to understand why
the flight was not maintaining the cleared to heading, or why it was flying south and away from
both the cleared to heading and the flight plan track, dyréotlards the weather and later on
towards the mountain. All what he could do was call the flight, repeat his instructions and warn
them, towards the end, that they were approaching the mountains.

CVR records confirm that both pilot received and confirtiedinstructions from the ATC. The
F/O always selected the new headings and level on the MCP as per SOP; however, the captain
had difficulties following these instructions and the F/O never challenged him.
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2.3.5 Airport & Aids to Navigation

BRHIA 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. Thms#ains reach a height of

more than 3,00006 |l ess than 5 NM East of the

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

that area.

The airport is well equipped with approach facilities and other navigational aids. The equipment
includes both Primary and Secondary radars. The airport is owned by the State and operated by
the Lebanese CiviAviation Authority (DGCA). Records provided by the Authority for the night

of the accident revealatiat thePrimary andSecondary radarwere checked and verified for
accuracy. All systemweretested normalAll other navigation aids were reported towmking

normally as shown by the records of these navigational aids for the night of the accident

2.4 Aircraft
2.4.1 Aircraft Maintenance

The aircraft possessed a valid Certificate of Airworthiness, and had been maintained in
accordance with theelevant regulationsThe airplane had taken off from Beirut without any
known technical problems.

A few months after the accident, the FAA issued an AD not related to that accident requiring a
periodic ongoing inspection of the bearing retention fosecure swage on all Boeing NG
airplanes. Therefore, the IC decided to send the trim tab mechanism to the NTSB for analysis,
especially that inboard attach bearing of the left side tab mechanism was found with all of the
bearing balls missing. Refer to Frgul7 below.

Figure 17: Left Inner Attachment Bearing
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The reason behind issuing the AD was two reports of unusual airframe vibration involving
Boeing 737 NG airplanes. Despite airframe v
integrityo to their flight c oflghtamlandmgsBoste ms ;
flight examination of both airplanes revealed that the elevator tab mechanism on one side had
become completely detached (both inboard and outboard lugs) from its mountings on the front
spar of the elevator. Analysis attributect$k fractures to the loss of the attach point bearing
retention and subsequent fracture of the attaciHalwever, theDFDR of the two airplanes that
diverted as a result of the vibration oscillation triggering the issue of the AD showed significant
oscillatory movement of the elevator following its final fracture.

Because loss of the bearing balls would have had a similar effect as loss of the bearing retention
(i.e. T significant play in the joint), the left tab mechanism from the accident airplane was
subject to the detailed examination, since it was found that the bearing had lost all the balls, but
the other side of that mechanism remained intact and neither side had become detached. That
metallurgical examination conducted at the Boeing facilitieseaked that the Inboard Lug
Assembly on the accident airplane was damaged prior to the accident but there were no
problems with the swaged sleeffes

Furthermore, the subject accident airplale not reveal fractures on the tab mechanism attach
points. h those circumstances, the intact side will retain the structural load path of the
mechanism and it will continue to function normally without the vibration issue noted in the
case of two airplanes mentioned above, which were at the origin of the ishatAD.

Furthermore, review of the DFDR data from the subject accident airplane notes no anomalous
oscillatory movement in the elevator control surface position during the accident flight or any of
the recorded previous flights. The aerodynamic analykithat data noted that the elevator
always responded to the flight crew commanded inputs during the accident flight.

In addition, the EQA examination found that the outboard attach bearing on the left mechanism
was damaged by the forces of impact aretd@fore was intact during the accident flight. The
bearing retention was also inspected per the above mentioned FAA AD (all 4 attach bearings for
both mechanisms); none was found with any looseness.

As such, the above data indicates that the damage twotkd inboard attach point bearing was

not consistent with the previous events of the two airplanes at the origin of the AD where there
was disengagement from the elevator front spar. It is worth mentioning that on these two
occurrences of airframe viliran, despite the damages which were beyond the one identified on
the accident airplane, the two airplanes landed safely.

Therefore, the damage identified to the left trim tab of the accident plane was different from the
previous two cases and did not tridsute to the accident sequence.

2.4.2 Aircraft Performance

TheDFDR data shows that the aircrpérformed as per design and in response to the input
commanded by the flight crew.

% For full information on that agsis refer to Appendix O of this report.
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2.4.3 Mass & 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 wasisbent with a 22k deate thrust settirfg.

With a 22k derate thrust setting, a weight of 70,443 kg (155,300 Ib), and a center of gravity of
18%, the Airplane Flight Manual (AFM) for EANB defines the recommended takeoff
stabilizer as approximately 6.9its. The event weight and balance form listed the stabilizer
setting as 5.26 unitS This is 1.64 units in the airplane ned@wn direction beyond that
recommended in the AFM.

In addition, the stabilizer that was recorded on the DFDR was approximadlybits at the
start of the takeoff, which is still within the certified range for take(greerband range)but
nearly 1 unit in the airplane nose down direction that recommended by the AFM

The DFDR data also shows a continuous pull on the control column in order to maintain the
airplane climb attitude commanded by the DFDR. This confirms the fact that the set trim,
although within the limitation of the aircraft, was in the nose down directind was
inappropriate for the takeff conditions.

Similar situations of limited miscalculation do occur for various reasons during normal
operations; however, basic flying skills require the pilot to maintain his aircraft in trimmed
situationatallt mes. I n that case, to trim Aupo in or
Why didndét that happen? We shall discuss t ha

2.4.4 Aircraft Instrumentation

No partcular problemwith the aircraft instrumentation wasportedon the accident aircraft

prior to the flight or on the DFDR. As per the design of these instrumentations, the investigator
who flew the MCab was not a B 737 certified pilot and found no difficulties in reading the
aircraft instruments or follomg the FD command.

2.4.5 Aircraft Systems

All the recorded data retrieved from the DFDR revealed that ther@owsecificissuerelated

to the aircraft that could have contributed to the crash. Both the DFDR and CVR data did not
record during flight any interference or sound associated with a lightning strike. An examination

of the recovered wreckage, including interior compong&ota the forward, mid and aft section

of the airplane, including a large section of the stabilizer, and a review of the underwater videos
of the remaining wreckage, revealed no indication of any sort of visual evidence associated with
such a strike.

A black soot near the APU exhaust was identified by the Airworthiness team and was sent for
further analysis and evaluation by the NTSB. Despite the fact that nothing in the DFDR warrant

* While thei Not es for the CG Limitso mentioned on the ET
shows ratings of 24K, 26K and 27K, Appendix 2 of the Airplane Flight Manual (EE81A001.8AS4)

applicable tohie accident plane includes provisions for the 22K trust rating.

% Refer to Appendix V for a copy of the Lo&heetand the Weight & Balance Form
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the theory of system failure leading to explosion, interference asik o€ a lightning strike, or
another sort of unlawful interference that could have produced traces consistent with high
temperature or fire, the IC wanted to rule out that theory and sent a piece of the aircraft
wreckage where the black soot was ideadifi

The analysis of that piece, along with autopsies of recovered bodies, confirmed without doubt
that the aircraft was not subjected to heat or explosion. The fact that the DFDR readings end
with the aircraft passing 1291 ft does not imply necessdrdy the aircraft broke down at that
moment, despite the fact that it could have started experiencing some loss of structural integrity
due to the fact that the recorded airspeed at that altitude exceeded the certified dive velocity
(vd) of 400 Kts while te G load was well above the certified +2.5 G; under these
circumstances, a loss of structural integrity would be possible. Nevertheless, both the speed and
rate of descent at t hat stage were excessiyv
away, tme at which the CVR stopped recording with a big bang noise, most likely resulting
from the aircraft impact with the water.

2.5 Human Factors

The accidenairplane possessed a valid Certificate of Airworthiness, and had been maintained in
accordancevith the relevant regulations.

The airplane had taken off from Beirut without any known technical probléosn by
properly licensed and qualified crew. The documesteived by the Flight Crew prior to
departure, including weather information, wémeaccordancevith the relevant requirements.

The ATC controller were properly following up the accident flight and offering the necessary
instructions, suggestions and reminder calls. The aircraft continuously responded to the crew
input and all its systas reacted as per design, including the speed trim command and the
warning/alarm systems.

The captain had been flying for more than 21 years. Although new on the8©3ype, all his
experience was on aircraft that required manual/electrical trim.addben on jet aircraft as a

F/O for nearly 8 years and as Captain for 51 days. So, he was familiar with that type of flying
and he knew that rudder on this type of aircraft is not normally used to fly, unless there was an
engine failure or acrossindt&keof f or | anding. This raises a
the PF trim that aircraft properly? Why, O ut
than 400? Why was the PF using the elevator
and sometimes giving opposite inputs between the elevator and the electrical trim; trimming up
while pushing dowi? Why was the PF using the rudder and ailerons in a manner inducing
Aficross controld situations and ovenpmaeduieshe e nt
had practiced during training? What had happ
the reason for such degraded performance?

1 In fact, the B737 type aircraft is equipped with a cutout function which will stop the electric trim if the
column moves in the opposite direction, beyond the neutral range. This neutral range is defined such as the
electric trim in the opposite directignose up in this case) will cutout when the control column is deflected in a
nose down direction of between 2.5 to 3.9 degrees. A review of the DFDR data shows a control column
deflection of 2.0 degrees in the nose down direction during the stabilizeupesenmand electric command.

As such, consistent with its design, the column deflection on the accident flight did not activate the stabilizer
trim cutout switch at that time.
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The F/O had been identified by his trainers and his peers as a good one; see one the dest. He h
been known to be assertive and was trained as such throughout most of his training program. His
voice sounded very calm and confident on the CVR and during radio transmissions on the ATC
transcript. The F/O received the ATC instructions, confirmed tteethe captain and set them

on the MCP.

He must have also heard alltheo an k 0 awgl ai ngs, and the 2 sti.
he, as PM, chall enge the captain throughout
Why di dnoét ehoeer dontrgl oftthe aircraftkand save it as required by the ET
procedures?

Why di dnot the crew apply the procedures s
manuals and recover from the stall as the aircraft was approaching it? Why did tredlanew

the aircraft to enter into a spiral dive? These are the questions we shall try to find answer to
during this analysis.

We have established during the analysis of the DFDR data and the examination of the aircraft
wreckage that the aircraft was aimtlty and responding properly to the crew input. We have

al so established that this was the captaino
night with isolated CBs around the airport affecting the standard departure route. The captain
had 188hours experience on type accumulated in 51 days and the F/O a total airline and type
experience of 355 hours.

We should keep all these elements in mind while we examine both physiological and
psychological factors that might have affected the crew. W# als® examine how these
factors became more critical when combined with other external factors and how they led to the
crew degraded performance. We shall then discuss and analyze some CRM issues.

2.5.1 Physiological factors affecting the crew

Both piots seem to havenjoyed a healthy life and no particular reported medical problems had
been reported. No total incapacitation occurred leading to the accident, since both pilots were
heard talking till a few seconds prior to the end. The flight crewtsnpu the controls were also
recorded on the DFDR till the end of recording. That is definitely a sign of a strong physical
body.

However, on the date of the accident, the crew was heard discussing with a ground staff the
components of the meal they had in Beirut during theirokssr and were heard stating,
although in a joking manner , t hveete dtoh eayn ds u shpae
coul dnét sl eep. That comment could have been

Could indigestion as a result of a heavy meal cause subtle incapacitation? Gastronomical
disorders have been identified as major contributorsntapacitation. Physiological and
psychological factors have also been identified as causal factors for subtle incapacitation. In
fact, the FOPM <clearly defines t hminorchaains es
seizures, low blood sugar (hypoglydaejn other medical disorders or preoccupation with

per sonal Ifalsomsbpulgtesthdtdi nce t he crew member conc
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of, or capable of rationally evaluating his situation, this type of incapacitation is very
dange¥ouso

In fact subtle incapacitation is about a slow degradation of performance in a crew member. It is
more dangerous when it occurs to the captain, due to the cockpit authority gradient. The pilot
would look and sound as if he was conscious; however, his pemae would have degraded.
Symptoms of subtle incapacitation includeSkills or judgment may be lost with little or no
outward sign; the victim may not respond to stimulus, may make illogical decisions, or may
appear to be manipulating controls in an ifesftive or hazardous manner; failure to respond
normally to two consecutive challenges or one significant warning should trigger action.
Symptoms may be evident only in moments of high stress or wétéload

Most of these symptoms were present in the ofdbe captain: Turning beyond pselected

and acknowledged headings, not following the FD, flying the aircraft out of trim, failure to call

for the after takeoff checklistor foranti ci ng A ONO when penetrati ng
icing temperaturefailure to engage and confirm the engagement of the-platp late to
recognize the stall, failure to properly apply the stall recovery procedures, manipulating the
controls in an ineffective and hazardous manner, failure to respond to series ofywaihine

to react to ATC repeated instructions and failure to follow the procedures the PF was freshly
trained to follow, considering that he was released on type 51 days prior to the accident.

The fact remains that all of this occurred in moments dif bigess and workload: departure late

at night from a new airport surrounded by high terrain on one side and weather on the*other (1
time the captain flies out of BRHIA), having to cope with a new modern aircraft (51 days since
release), havinghadahegz meal that didnét allow him pro
right seat and having to cope with ATC instructions, which at times required him to come back
with his decision following an ATC suggestion.

While these high stress and workload fastors houl dndét have caused by
performance recorded by the flight, they surely contributed to raise the stress level of the captain
which, in turn, could have added to spatial disorientation and loss of situational awareness and
develomd into a case of, or similar to, subtle incapacitation. Such incapacitation have been
identified by experts as being the resflsleep loss, fatigue, emotional stress, blood chemistry
imbalances, or as a result of some drugs or alcohol.

According to irierviews with his NoK and colleagues, the captain did not drink and did not
suffer any emotional stress. He enjoyed a good health and was only taking medication for hair
fungus. However, he had accumulated more than 188 hours of flying on a new typeafif iair

51 days, often flying at different hours of the day. While that amount is still within the legal
limits, it certainly could have generated some successive periods of acute*fatigeeto the
combination of mental activity required to fly a nawcraft and the excessive physical activity
associated with the tight schedule. That could have eventually developed into a chronic
fatigue”. That chronic fatigue linked with the sleep loss resulting from the heavy meal and the

%2 Refer to the ET FOPM extracts in Appendix

% Refer to Transport Canada dotent TP 11629 Pilot Incapacitatiomww.tc.gc.ca

% Acute fatigue is defined in the ICAO Manual of Aircraft Accident and Incident Investigation (Doc 9756), v.

IV,;asiThe result of excessiwdaringaskost pedad. A teenpocary oonditiomghatt al ac

may be reversed by adequate rest. o

% The same manual mentioned in the previous reference defines chronic fafigiere® r esul t of | on
t

g
to successive periods of acute fatigue, overmanydayse@tws , wi t hout adequate res p
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other external contributinfactors discussed above could have most likely joined together and
contributed to this situation, whereby symptoms of subtle incapacitation to the captain are
identified; bearing in mind that the captain was the PF on that flight, this could explaimsome
the actions, reactions and inactions witnessed on the aircraft controls through the DFDR data.

However, despite the fact that most of the facts linked with the symptoms of subtle
incapacitation are identified through the DFDR and CVR data, the abskactopsy to the

pil otsdé bodies/ remains, as a result of their
allow us to physically confirm the case of subtle incapacitation due to physiological reasons
Nevertheless, dismissing that possibility uwbgertainly make it very difficult to>glain the

pilot mishandlingand mismanagement of the flight view of his long experience, training
received and time spent with the airline.

2.5.2 Psychological factors affecting the crew

While thecaseforth capt ai nd6s s edultd beesupported bypfectoal dvidende ofn
related symptoms from the DFDR and CVR, regardless of the real reason for that subtle
incapacitation; the passiveness of the F/O throughout the flight raises a lot of cofbef/©

has been described by one of his training pilothe following termsihe seemed |1 ke
FO on his callouts and performance in flight, he says what he needs to say, he was not the quiet
type ®vhat made him so quiet on that particular day?

The F/O had more than 300 hours on type and was acknowledged by his superiors as well as by
his peers as one of the best F/O. His radio transmissions, comments on the CVR and tone of
voice showed that he was conscious of what was going on and perforsmgrimal duties in a

proper manner. However, he never took an initiative and he did not perform his expected duties
whenever things deviated from normal: failing to remind the captain when he did not ask for the
after takeoff checklist, calling deviationf'om ATC instructions or aircraft profiles, challenge

the captain when he was not controlling the aircraft as a PF should have been doing and
avoiding to take control of the aircraft when he felt that the captain was completely out of the
loop.

In fact, twice the captain seems to have felt that he was not in good shape or unaware of what
was exactly happening, so he requested assistance from his F/O. That came as the aircraft was
entering its 2 stall when the F/O called in Englisht he s p e e d aidghe daptairp pi n
replied in Amharici s peed i s goi ng down éA  féKsecorids Igterand d o
foll ovwankgngle &ur al warni mdhol Me tthbhésd calisBiindicgt®/ O

a situation of cognitive saturation by the captawhere the information processed was
exceeding his span of attention. That is another indication of subtle incapacitation when the
subject is an experienced pilot who must have faced similar workload throughout his career.

However, even when asked by tegptain, the F/O failed to provide the assistance required. Did

he feel that it was too late to intervene at that stage? Did he wonder what type of help was
required of him? Was he reluctant to Aunnece
afraid of making mistakes? Was he shy of asking the captain questions that might look
Airrelevanto? Did he consider that since t he
woul dndét be able to?

To properly analyze the F/O passiveness we must denshat, despite the fact that ET
encourages during training the F/O to take over in case of subtle incapacitation, that
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incapacitation was identified by the training pilots interviewed as failure to respond more than
once to standard calls. The incapaiiin procedures laid down in the ET FPOM emergency
section lists 5 symptoms of incapacitation, maifiyi nc oher ent speech, S
irregular breathing, pale facial expression and jerky motions that is either delayed or too
rapido. It clearly specifiesthaii f any of these are present,
and action taken t o cheWé&shdlhnlyzs thesflighd inforhatianh e ¢
in light with the above prior to analyze the F/O passiveness.

While nothing in the recorded data we have allows us to confirm that the captain suffered from
irregular breathing or pale facial expression, the recorded data points to some strange flying
behavior associated with some uncoordinated, delayed or too rapidonpghts control column,
wheel and surprisingly enough, rudder ! Whi |
as incoherent, his tone of voice throughout his recorded conversations, once the aircraft started
its takeoff roll and till the crash isflight, in addition to the need for him to-p®nfirm the
clearances received in an interrogative way, implies that he was under some stress and was not
properly aware of the prevailing situation affecting his flight.

However, asking the F/O during fhg to identify all these issues would be very demanding,
regardless of his experience. Nevertheless, he could have surely noticed the unusual indications
on the FD, the unusual movements of the control wheel and column, the unusual speed and the
captabnbéabidance by the ATC instructions. H
assistance, which were recorded twice on the CVR. He also must have heard the imbltgpla k

a n g hueabwarnings and the two prolonged stick shakers. However, the C\(Rhdbeecord

any call or comment in that respect! If that is the case, his reluctance to intervene and take over
control of the aircraft wouldndét be surprisi

In fact, all these require standard deviation calls by the PM, according to the ET SOP. Only
twice did the F/O cali s peledWhen he did, the captain i mm
F/O failed to provide such help. This raises the following question: Was the F/O suffering some
channelized attention with his full attention focused on one stsn@ccomplishing his normal

PM duties) to the exclusion of all others? He surely accomplished those duties properly through
the communication with the ATC, announcing normal changes and other standard call outs and
setting the required information on theOW. However, he did not remind the captain about the

after takeoff checklist and definitely failed to properly process the flight situation information

and perform the standards deviation calls which were of a higher importance during the events
that theflight went through.

With the level of experience he had, would it be demanding to ask the F/O to intervene and take
over from the captain, who had been in the company for more than 20 years, when one of his
training instructors had written in his fileahhes hou lAidmater f er e wi t h
unnec es s aliscodraging hienriram askingi r r el e v a n or reqeate@ mii o $ 0
mi st @ kdastoalthough that remark came in a training context and was mentioned once
early in his training prior to start his FFS sessions and that the F/O training performance were
highly quoted, especially in the field of CRM; such remark most likely aftedbis
subconscious mind and could have contributed to his reluctance to intervene.

2.5.3Individual human performance and CRM

The accident scenario indicates that the captaoh gragressively lost the control of the
situation, starting with roll control problem to which were added heading control problems, then
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pitch control problem until the final loss of control. The basic instrument flying performance of
the captairon that dg was questionable. It seems that he was at this time unable to alternatively
pay attention to the basic parameters starting with attitude displayed dPFiheand ND
indications

This insufficient performance could originate from a mix of lewperience on type, high
workloads, chronic fatigue, distraction by multiple ATC messages while concentrating on
manually flying in bad weather, spatial disorientation at night and low situational awareness in a
fast changing environment, all combining étiger to increase the workload and stress level to a
high degree and create a situation of high anxiety with symptoms similar to those of a subtle
incapacitation, which was not recognized by the F/O, even after two late requests for help by the
captain.

While the flight behavior indicates that spatial disorientation was an issue, since the pilot faced
difficulties in maintaining the aircraft vertical, lateral and horizontal attitudes; that spatial
disorientation evolved into a situational awareness isgsnee his ability to keep track of the
aircraft indications (namely on the PFD and ND) was degraded, and his ability to prioritize
significant environmental, navigational and aircraft related events was impaired.

If situation awarenessefers to one's dlity to accurately perceive what is going on in the
cockpit and outside the aircraift further extends to the planning of several solutions for any
emergency situation which could occur in the immediate fuithie.Flight Crew was unabte
properly pre@ess thanformation from sense inputs, instruments, and other sourcesntoaio
accurate picture of what wahappeningDid that loss of situational awareness come as a result
of a subtle incapacitation by the captain and failure of recognizing it bif/@gor was it a
result of a combination of events, both external to the flight and inherent to the Flight Crew, that
led to a situation of high workload and stress?

Infact, here is no direct i ndication | nestightes capt
that he already had either occasional or recusemnousdifficulties in basic flying. However his
repeated failure to focus on the main prioritécontrollingthe aircraft attitude and trajectory

during thed 6 flightdraises the questioon his ability to divide his attention in a structured
manner as it is taught (or should be) in initial pilot schodlsuld that been possible after 21

years of flying? His actions indicated beyond doubts that his situational awareness was
impaired. Sowhy di dnét the F/ O intervene as requir

CRM principles are designed in such a way that if a pilot has difficulties, he could find support
from the other pilot. The CVR does not indicate any significant help spontaneously offered by
the F/O to his captain, even when requested to dexseption to that is the F/O performance of

his routine dutiesEven when the captain did not call for the after takechecklist, the F/O did

not remind him of that important part of the SOP!

While this is true for short term flying, questions can also be raised on how the crew took the
weather condition into account; there is no evidence in the CVR of any discussion about the
departure strategy before ta&H, or about tactical choices during th@Ht to avoid weather
despite the fact that the Tower controller had given them the opportunity to exercise their
tactical choice in avoiding the weather, as long as they inform him of the heading they wish to
follow. No commenis made on what is depictdy weather radar, even when sounds of heavy
rain are heard on the CVR. No request for engineiemtis recorded despite the fact that they
most likely flewin icy conditions.
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Whil e the captainbds actions ar duatiomanwdrendsse n t
that could indicate some form of subtle incapacitation, the F/O failure to challenge the captain or
take over control could be found in his reluctance to act in a manner that might generate some
remarks similar to the one mentioned oicdis training fil€®, especially with the experience
gradient that existed between him and the cap#aid despitethe training program and
documentation thashould have given him the administrative support for such an action. That
experience gradientoald also explain why he did not take over control of the aircraft, even
when requested to help: if the experienced captain cannot handle it, will | be able to?

2.6 Survivability: S&R Operations

Due to the impact forces with the water at such high vertical and horizontal speeds and the G
loads at the end, the accident was not survivable.

The S&R operations were launched immediately by the Lebanese government using all the
resources availabledn al | t he help provided by friendl.)
the region. The S&R was led by the Lebanese Army due to logistical reasons and in order to
provide a good protection of the accident site.

In view of the existing resources, tlevel of crisis management planning and preparedness to
face such a catastrophe and the prevailing weather, we can consider that the effectiveness of
these operations was good and the organizat
been possiblevithout the help and assistance of friendly nations help and civilian contracted
services. Furthermore the interagency coordination was spontaneous and not in response to a
pre-planned and exercised plan.

Therefore, the Lebanese government should consstablishing a crisis management plan in
order to face such situations and either equip some entity with the required resources to face
such crises, or to establish a contract with a S&R agency to complement the DGCA contract
with the BEA. The lack of pmse data on the sea bed surface within the Lebanese territorial
water should also be addressed.

The separation of the CSMU from the main CVR chassis can only be attributed to the forces of
the aircraft impact with the water surface. Signs of suchmgact have been identified on all
the aircraft parts that were retrieved from the sea or pictured/videotaped in the sea bed.

The efforts of the navy divers, who were operating with limited equipment and under difficult
meteorological conditions and psydbgical pressure, were essential in the protection, search
and retrieval of the human remains, aircraft recorders and parts.

% Even if that remark was mentioned once during his training, such remarks could negatively affect pilots till
they acquire enough experience to allow them to link such remarks to their training context.
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Figure 18: Airplane Map

N.B. Seats marked with an X are the seats were of the passengers whose bodies were

recovered on day.ITwo out of these passengers were children under 5 years of age.
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3. Conclusions
3.1 Findings

3.1.1 The Aircraft

1- The aircraft was certified, equipped and maintained in accordance with existing
regulations and approved procedures.

2- The aircraft wasirworthy when dispatched for the flight.

3- The aircraft had been properly loaded to a TOW of 70,443 Kg with a C of G of 18% at
the gross takeff weight.

4- The Weight & Balance form listed the stabilizer setting as 5.26 units. The DFDR
recorded a setting 05.94 units at the beginning of the tad# roll. The AFM
recommended setting for the aircraft talé conditions was 6.9 units. Thereforthe
stabilizer position during takeff was more airplane nose dowaithoughstill within the
certified range fotakeoff (Green Range).

5- The aircraft flew in an out of trim situation for most of the time, while all systems were
functioning properly.

6- The aircraft behavi or was the result of
flight.

7- There was naevidence of any defect or malfunction in the aircraft that could have
contributed to the accident.

8- The aircraft was structurally intact till the last couple of seconds prior to the accident.
However, the aircraft could have began to experience lossuafiugtal integrity when
passing 1290 feet during the final dive (
loads. However, the wreckagedlayut and CVR recording supp
was destroyed by impact forces with the water.

9- No signs 6fire or explosion was detected in the aircraft wreckage.

10The design of the aircraftdos primary f 1 i
are adequate for the situational awareness of the crew at a time of high workload.

3.1.2 The Flight Crew

1- The flight crew were properly licensed awgalified for the flight in accordance with
existing regulations.

2- The Flight Crew was in compliance with the flight and duty time limitation regulations.

3- The flight crew possessed the proper medoaatification and had the opportunity to
have the appropriate rest to operate that flight.
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4- Thi s was the captaindés first flight 1nto

5- The crew expressed some concexsis result of the meal they had during thedegr in
Beirut and that it could have affected the qualityhalr sleepprior to operate th#élight.

6- The captainbés actions, statements and de
consistent with theffects of spatial disorientation and loss of situational awareness that
could have been the result of a subtle incapacitation, although there was insufficient
evidence to determine the reasons of that incapacitation.

7- The F/O failure to abide by all theirlme SOPs and intervene with the captain
throughout most of the events of the flight, even when called to do so, contributed to the
flight crew degraded performance.

3.1.3 Flight Operations
1- The flight was dispatched in accordance to the company Qpesaflanual.

2- The Flight crew carried out normal radio communications with the relevant ATC till the
last phases of the flight when the aircraft was approaching the spiral dive.

3- The aircraft anticing system was not used despite the fact thataiheraft most
probably flew in icing conditions; however, the performance analysis conducted based
on the DFDR data indicates that icing was not a factor in the accident.

4- The crew did not discuss or perform any tactical action to deviate from CB clouds
present in the area around the airport whenever required during the flight.

5- The aircraft did not follow any assigned heading provided by the ATC, despite the fact
the crew was acknowledging the headings and the F/O was selecting them on the MCP.

6- Theaicr af t went twice into stal/l situati on.
was sufficient altitude available to recover from stall each time.

7-The aircraft flew many times in a fAcross
actions on the adrol wheel and rudder pedals.

8- During the final phase of the flight the aircraft went into an uncontrolled spiral dive
induced by the pilot inconsistent inputs on the aircraft flight controls.

9- There was no distress calls received from the aircrafhgdiight.
10- The ATC controllers provided proper instructions and follgwto the flight.

11- The weather on the night of the accident was a contributor in increasing the workload on
both the controllers and the Flight Crew.

12- The aircraft did fly in heavy ma and icing conditions, but it did not encounter any severe
turbulence or lightning strike.
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3.1.4The Operator

1- The SOP of the operator did contain a statement encouraging the PM to take over from
the PF in cases of incapacitation.

2- The operator is IOSAertified with a safety program in place.
3- The SOP for the PM to monitor the PF and call any deviation was not properly
implemented and was not effective in preventing the continued degradation in the

captaindos performance during that flight.

4- The CRMtra ni ng provided by the operator W a S
assertiveness and leadership.

5- The operator FOQA program did not identify trends that could have lead to such an
accident.

3.15ATS & Airport Facilities

1- The Ground, Tower and Area &a& controllers were allidensed, medically fit and
correctly rated to provide the service.

2- The number of ATC controllers on duty was in accordance with the regulations.

3 The ATC controllerés | oad was assessed as
the normal workload, weather and traffic prevailing in Beirut during that part of the year.

4- The coordination between the Tower and Area controller was not in linghetATC
SOP, although this had no particular bearing on the accident.

5- The ATC controller requested ET 409 repetitively to turn to a heading of 270 in order to
avoid weather, traffic and mountains.

6- The ATC controllers provided prompt and efficient assise to the Flight Crew, that
assistance was not effective.

7- Despite the fact that the ATC did not receive any distress call, the ATC effective radar
monitoring resulted in an effective response from ATC to the accident.

8- All airport equipment, radars, nigational facilities and lighting were operating
normally at the time of the accident.
3.1.6Flight Recorders
1- The aircraft was equipped with a DFDR and a CVR.

2- The DFDR was recuperated from the sea and provided all the required information
recorded orit.
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3- The CVR detached from its chassis and had to be retrieved from the sea bed through
thorough undewater hand search by the Lebanese Navy Divers.

4- One out of the 24UlE Wwd aryeadal@enand pyeventdd iggiting the
full audio CAM track,c r eat i ng a gap ading anCtee CAMtwiceni s s i
during the flight.

5- The quality of the audio information recorded was good. All information was
transcribed.

6- Both DFDR and CVR data were instrumental in revealing the factual information related
to that flight.

7- An ATC Radar recording was also verified and information on it was found consistent
with the DFDR data.

8- An ATC communication transcript was also developed and found consistent with the
CVR data.

3.1.7 Medical

1- As aresult of the impact, there was no possibility to carry an autopsy on the flight crew.

2- The inability to carry such an autopsy deprived the investigation from a factual tool that
could reveal evidence of incapacitation or other physiological fattatsmight have
affected the flight crew performance.

3- No medical history of the flight crew and presented to the investigation indicate any sign
of physiological or psychological disturbance.

4- Postmortem examination and autopsies of some bodies that were recovered in
acceptable conditions revealed no signs consistent with fire or explosion.

5- All 90 persons on board were identified through DNA matching.
3.1.8 Survivability

1- The accident wasot survivable due to the magnitude of the acceleration forces and the
impact with the water surface.

2- The occupants succumbed to the effects of the impact with the surface of the water.
3.1.9 Search & Rescue Operations
1- The S&R operations were effectiaad timely.

2- Despite the lack in appropriate equipment, the devotion of the Lebanese Army personnel
and divers was instrumental in the success of the S&R operations.
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3- The foreign assistance provided by friendly forces stationed in the region was
instrumental in the success of the S&R operations.

4- The devotion of the Lebanese Army command and personnel and the foreign assistance
compensated for the weak crisis managerp&mning and interagency coordination.

3.110 Safety Oversight

1- The ECAA oversight of the operatordos proc
3.2 Causes
3.2.1 Probable Guses

1- The flight c¢crewds mi smanagement of the ai
through inconsistent flight control inputs resulting in a loss of control.

2- The flight crew failure to abide by CRM principles of mutual support and calling
deviationshindered any timely intervention and correction

3.2.2 Contributing Factors

1- The manipulation of the flight controls by the flight crew in an ineffective manner
resulted in the aircraft undesired behavior and increased the level of stress of the pilots.

2- The aircraft being out of trim for most of the flight directly increasedwbekload on
the pilot and made his control of the aircraft more demanding.

3- The prevailing weather conditions at night most probably resulted in spatial
disorientation to the flight crew and lead to loss of situational awareness.

4- The relative inexperiemcof the Flight Crew on type combined with ithenfamilianty
with theairport contributed, most likely, to increase the Flight Crew workload and stress.

5- The consecutive flying (188 hours in 51 days) on a new type with the absolute minimum
restcouchave | i kely resulted i1 n a paformamcei ¢ f at

6- The heavy meal discussed by the crew prior to-tdkbas affected their quality of sleep
prior to that flight.

7- Theaircraft11l bank angle aural warningsstalls and finaspiral dive contributed in the
increase of the crew workload asigless level

8- Symptoms similar to those of a subtle incapacitation have been identified and could have
resulted from and/or explain most of the causes mentioned above. However, there is no
factual evidence to confirm without any doubt such a cause.

9- The F/ O reluctance to intervene did not
incapacitation and/or to take over contr
SOP.
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4. Safety Recommendations

In accordance with Annex 13 to the Chicago Convention, the sole objective of the investigation
shall be the prevention of accidents and incidents. Therefore, the following recommendations
aim at preventing other accidents from similar causes.

4.1 The perator

4.1.1 The operator should revise its CRM program in order to stress on the F/O assertiveness
and leadership requirements especially in periods of abnormal performance.

4.1.2 The operator should consider its classification of airports whergedlancal constraints
might affect flight operations and brief their flight crew accordingly.

4.1.3 The operator should-examine his crew pairing and scheduling policies in order to ensure
a less stressful cockpit environment.

4.1.4 The operator should caer establishing write up criteria for pilots training files in order
to avoid the adverse effects of any mis®rpretation by the trainees.

4.1.5 The operator should consider developing his safety oversight program in order to detect
such potential fight crew performance.

4.2 TheECAA

4.2.1 The ECAA should ensure that the recommendations to the operator have been
implemented.

4.2.2 The ECAA should rexamine the regulations concerning crew pairing policies.
4.3 ICAO

The Investigation recommends that ICAOereamines the international requirements for the
identification, training and reporting of subtle incapacitations symptoms and cases.

4.4 Lebanon

4.4.1 The Investigation recommends that the Lebanese Governrtadiisegs requirements to
ensure that responses to such accidents are made systematically without reliance on
foreign ad hoc assistance.

4.4.2 The Investigation recommends that the Lebanese DGGavateate the working
conditions of the ATC personnel.

4.4.3 The Investigation recommends that the Lebanese government considers establishing
administrative and logistic support for such investigations.
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Appendix A: ET Air Operator Certificate (AOC)
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Appendix B: Meteorological Documents
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METAR H3ES 2421007 35092K7 Gilﬁl 13406 3015 B0 31¢=
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ALLD - ME 1 AKS IO resuits
Aviation Digital Data Service (ADDS)

~put produced by METARs form (0440 UTC 25 January 2010)
w.und at http://adds aviationweather.noaa.gov/metars!index.php

OLEA
OLBA
OLBA
~3OLER
—p.OLBA
OLBA
OLBA
~~OLBA
OLBA
OLBA
OLBA
OLBA
OLBEA
OLBA
OLBA
OLBEA
QLEA
A
OLBA
OLEA
OLBA
OLBA
OLEA
OLBA
OLBA
OLBA
OLBA
OLBA
OLBA
OLBR
OLBA
OLBA
OLBA
OLBA
OLBA
OLBEA
OLBA
T

OLBA

2504002
2503002
2502002
2501002
2500002
242300z
2422002
2421002
2420302
2420002
2415002
2418002
241700z
2416002
2415302
2415002
2414002
2413002
2412002
2411002
241000z
2409002
2408002
2407002
2406002
2405002
2404002
2403002
240200z
2401002
2400002
2323007
2322002
2321002
2320002
231900z
2318002
2317002

2504002

14006KT
06004KT
12006KT
VRBO3KT
31008KT
32011KT
32016KT
32013KT
2B00SKT
30012KT
25013KT
23013KT

8000 VCTS FEWO20CB BKNO26 10/07 Q1014 NOSIG
030V090 5000 VCTS RA FEWO20CB BKNO26 10/06 Q1014 NOSIG
8000 VCTS FEWO20CB BKN026 11/06 Q1014 NOSIG

4000 SHRA FEWO20CP BKNO26 12/07 Q1014 NOSIG é}
2B80V340 8000 VCTS FEW020CB SCT026 13/06 Q1014 NOSI
300V360 8000 FEWOZ0CB SCT026 14/07 QlOl4 WOSIG

7000 FEW020CB SCT026 FEWO70 14/07 Ql014 NOSIG

5000 TSGR FEWO20CB BKNO26 13/08 Q1013 NOSIG Heboqts wen
8000 TS FEWOZ0CB BKN026 14/08 Q1013 NOSIG

8000 FEWO20CE SCT026 14/08 Q1013 NOSIG

7000 FEW020CE BKNO26 13/09 Q1013 NOSIG

200V260 5000 TS +SHRA FEWO20CB BKNO26 13/09 Q1013 NOSIG

19016G28KT 170v240 3000 TS +SHRA FEW020CE BKN0O26 13/10 Ql012 NOSIG

21022KT

5000 TS +SHRA FEW020CB BENO26 14/10 Q1012 NOSIG

23026G36KT 8000 FEWQZ20CB BKND26 VV0l8 13/09 Q1012 NOSIG

16007KT
22013KT
24017KT

130V13%0 8000 FEW020CB BKN026 13/10 Q1012 NOSIG
200v260 2000 TS SHRA FEWO20CB BKNO26 13/09 Q1013 NOSIG
3000 TSSHRA FEWO20CE BKNO26 VV035 14/09 Q1012 NOSIG

18008G18KT 150V210 3000 TSSHRA FEWQ20CE BEN026 13/09 01012 NOSIG
VRBOSG1SKT 8000 SHRA FEWOZ0CB BKNOZ6 15/09 Q1011 NOSIG

19007KT
26012KT
14004KT
16007KT
16012KT
13005KT
16005KT
16006KT
VRBO3KT
18007KT
16006KT
16006KT
16007KT
16006KT
17005KT
16006KY
11006KT
13004KT

8000 SHRA FEWO20CE BKNO26 14/09 Q1013 NOSIG
220V300 BOOO FEW020CB BKN0O26 15/09 Q1014 NOSIG
090v170 8000 FEW020CB BKN026 16/08 Q1014 NOSIG
8000 FEW020CB BKN026 15/08 Q1015 HOSIG

120v180 8000 SHRA FEW020CB BKN0O26 14/0% Ql015 NOSIG
100V170 7000 RA BKNO023 13/10 Q1015 NOSIG

130v190 8000 FEW023 BKNOT70 VVO18 13/10 Q1016 NOSIG
120V200 8000 BKNO3D VV025 13/10 QLl016 NOSIG

8000 BKNO30 16/07 Q1015 NOSIG

8000 SCT026 SCT080 15/08 01016 NOSIG

CAVOK 15/09 Q1016 NOSIG

999% SCT030 15/09 Ql017 NOSIG

9999 SCTQ26 15/09 Q1017 NOSIG

9999 SCTO030 15/09 Q1018 NOSIG

9599 BKNO030 15/10 Q1018 NOSIG

8000 BKNO26 15/10 Ql018 NOSIG

080V140 9999 BKNO30 15/10 Q1018 NOSIG

100v200 8000 BKNO23 VV028 16/11 Q1019 NOSIG

2506/2612 24015KT 230V300 8000 RA FEWO20CB BKNO26
TEMRO 2506/2515 G24KT 5000 TS SHRA FEW020CB OVCO026

BECMG 2519/2521 04005KT 9999 SCTQ26 SCT070

BECMG 2605/2607 33008KT 9999 FEW028 -

htp://adds.aviationweather.noaa. gov/metars/index.php
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METEQ FRANCE
DATA FROM YWAFC LONDON
FIED TIME PROGNOSTIC CHART
Vs ICAQ WEDIS_EURAFI SIGWX
FL 100-450
VALID 08 UTC 26/01/2010

C# MPLIES TS, OR, MOD OR $EV
TURD and ICE
YNIT USED : HEIGMTS IN FLIDHT

LEVELS SKEL i _
CHECX SIGMET, ADVSORIES, ASHTAM L) H
AND NOTAM #DR VOLCANIC ASH = 0

(DATA TIE 08 UTC 24001/2018)
CAT AREAS
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