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Ref

Captain Mohammed Azi z

|l nvesti g-@bhar ge,

Accident of ET Flight 4009

Beirut

DearCaptain Azi z,

1. Thank you for the draft final report on th
on which you sought Etlhy opha' s6tchom@f®@idilanuary

in orderbe appended in full to the Final Report

2. The Ethiopian Civil Aviation Authoraintdy team

reviewed the draft final report.

3. The sole pur pose of t he Ethiopian team' s
constructive inpuitsalonr éeéeperdraifthfahw ew to

truth to emerge about the probabl edoange odo,t he

our objective is to contribusaftadiyn he netnelranract @ noen

aviation.

4. We regret that all of ame <absiah! itdpoment s

the Ethiophand tpeaomi ded earlier dnathe rpampedritmi na

Ssubsequemaft reports wetrecoosi takaehion and hav

excluded from thepdadrtaft final

The Draft Final Report

5. The Et hi ocapm acnontsei der s that

a) The draft final report presents a factual
unbal anced account of the ET 409 accident th
supporbgdevidence. I't disregards critical de
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and FDR as well as ATC transcripts indicati:!
di sintegration of the aircraft in the air at
1300ft.

report completely omits r
ght about the disintegrati
e air such as:

b) The draft final
woul d have shed |
the aircraft in-th

- Deni al ofy rodc®vey of the wreckage o
aircraft
- Eyes witness accounts and testi moni
including amyd ATGer pilots flying in t
area that attest to the aircraft being in
of fire in the air
- Medi cal exami natoipessny aofd tdnoe body of

the victi ms

- Detailed information on passenger |
- Baggage scrreeeynimgcoxr ds, security wa
through records, ter minal CCTV recor d:
c) The draft final report contains factual i

cotradictions and hypothetriecanlotstatements th
supported by evidence or researched data.

d) The draft final report fails to indicate
|l essons r&Ag&Lr dianggue and working shift hour:
use omdatd phgasbgl ATC, coaomodnignati on

ATC units gncliesarua mce f osrepfariagthitosn aonfd
conflicting traffic.

The i mprovement of safety and securtihtey i s a
ation industry. The potentd@%ccaddeny | essons
estigation will extend beyond Ethiopia and L

ding Principles of Ethiopian Team's Review

The primary guidance materi al used to revi
report and the draft fiBaltor emer tCoinsve Ahin@r
Il nternational Civil Aviation. I n l i ne with

Ethiopian team is to-4M0% uirnev etshta egatth eoaE @ ,s

jective and balanced, and detsar mioned eravgee nad ap r

ding a carawesnei efnotr the accident.
The Ethiopian team considered the drmaft fina
er published I CAO documents, national regul

c



and industry best practice, and by hirir

accident invepergation e
10.In line with the |1 CAO guidelines, the Ethi
EFT409 accident investigation-i sdlows$ dvehalved b

the State of occurrence (Lebanon) ame with t
State of registrryEahdogdbe®)y anves sihgathidovnal s o
ensuwrtéhe coll ection otfaadndrtepeeaartvat on of
integrity of data such as the CVR.

11. Thenvestignmustonhave strictly foll oweldi adthe ag
are based onmalntlkkesnntatpmacti ces. dBhease aoll ¢ atcit
analysis of the facts andr eoommrmarsd aatni;onasn.d s af et
11. 1 n considering human f atteaaamshags hasg&Ebdgsedi an
performance of pil dtCs ,andaaldihrep e resaeen eAti exr ms of
what could be expected of such personnel

Et hi opian Team Comment s

12. The det xiolmene ndfs Et haopi attached to this | ett:

13. Ethiopi a hereby submits this |l etter and
comments to be appenbdedFinafFuRépoothbeand that
published and distributed in dadilessfi muheakemnas |
Report, as per Article 6.3 NGbevenAnoex 13 tont
I nternational Civil AviationthBthiidpibae waphsoov irdeeq
an advanyxeofcotphe Final Remwot h, i inmnelpnraatcitoincael.
Concl usi on
14. Finally, 1 once tlyaibht hieopgieamtteeam'hsasregr et

not been alplaowediipmatteche technicadnalewsiew wodk,
per Anni8xto the Convention ofiVvVnteAuvnatoaal

15. 1 f the Ethiopian team had been abl eotadhparti
technical review and analysis workwouhe imaest.i
been accurate, balanced and complete.

16. Ethiopia and Lebanon share the @awmmadnoonbj ect
industry. Though major diffebehwesnhawve ttrwomns gi
regarding the investigatioonprosésnsamd atchheed,
that the two countriimpbobedhmtveahdawvmed abl e | esson
experienc£09fi nBBlesti gati oaorthraitbuwid Ito the enha
of international aviation safety.



Thank you
Sincerely,

Plaras

jeh Hunegnaw

:'_':j-. \Weeel L'I'n'l
ol wes neral

Director G€

This | etAttdracdanme@ g e s

Comments by the @&tvhiilopAwainati on Aut hori
Accident | nvesBtihgaotpiioann oFl i ght 409, Bo
800, -AINB, January 25, 2010

Executive Summary

l ntroducti on

1. The Ethiopian Civil Aviation Authorrietpyorfti nds
i's biased, kanc&sngndvidcompl etenoangrelsanti ta dfo
account -400f9 EBTcci dent .

2. The Ethiopian Civil Aviation Autlegmiettys otbhsaetr
before the for mal Il nvestigatimamyprogests| attiavw
statement subwearcd yp r el easedt hbey of fi cilLalbsa noefs e

Government , including the veMWprMisniandy Torfa rPaubd ]

which established tchoemmintvteeset iogna ttihoen probea bl e cal

accident. It wasthneot eéeébtamat e Mi ni sotregr paufbl Tchwn

specul atedacmua2zey 2010 (one day “atfhtatr tthlkee acmi Ide



failuréotbow instructions from the comMtr ol t
al so rul ed out sabotage. Li kewi se regret
process was nguiweaed monitored to prove ano
speculations made by the officials.

3. Secondly, infroealmnaatsieodh by Wi ki |l eaiknst,eranveai,| ab |
revealed a message from the US Ambalk%® adaerbriumrLlye
2010 (23 days aftetat hédd doiuthlhet ) resul t of

i nvestigation is not yetbpamkicf,oritt el Icrlaiskhe

actions of the airTthreasbtusce wof pihetisnfor mati on
as'"the NTSB reprleesaediitnagt i tvlee i (ntvheestfiwglalt i omdnscr
the Wi kil eaksi scaabtlteached) .

4. The Ethiopian Civil Aviation Authority bel

of the investigation process, the pMrrelfitmi nar
final report are only theivesapiamiadd nbs tacshe ss p eachui |
deprived the investigatiomanpr ogsesiscti ndceopmegpn d eamccee
Annex 13 to the Conlvretngrimat iomnal Civil Aviation.

The Flight and Accident

5. The flight was initially «cl| elaerresd (bATCAi ronTr

LATEB 1 D departure from Beirut towAddis Ab:
changed many times by the ATC wicomfasenthrgadi ctin
instructions-stutandgrdophraseohoigeds, ias the AT
transcript.

6. According tohehél FPR{ tirst experi emwcecad unco
bank when turning ‘e hesdirnvgt®2d5 by ATC.

7. On a left turn to heading of 270°, CVRckpit c
menti oning ananudn uasluaalmi ng oc cruerpreeantcceed. The
guestions Cayttahhen recorded on the 1C&fReragrecd itkael t
force and sounds of exteraiadcnanptaction the for
explosion or the glaze ofatirtechebaCVR Mawe viermrgom
with missing edmweretns iist not p ®s skinlolwe ftor certa

what they were referring to.

8. The data obtained from the FDR andthlee | oud

CVR recording indicated that the readorderanstop
altitude of 12300 feet, | i keldy sd ustteigawsn t hef b rtehaek
aircraft in the air. Tdhiesasppmedtahnhee uasifrcr aft fr

the ATC radar codnifsiirnmse gtrhaet i on.



9. The recovery of t he wreckage (92%) woul d
determining whet her fire was i navboll w,ed t hen
Lebanese side rejected the retrievalheand the

investigation.

10. The significant eyewitness account s, i ncl u
and pilots from other flights i n t he ar e
regardi‘rgriaeal At altitude . i nATChei nskgent re,|
Sstates" dbhw@ér ange Il i ght falling i nto t he

orange explosionven tthlee s ksye a before t he
down"( ATC incident regbese atctl @améd) .i ndi cat e
explosion in t he ai rdowespuchsahet aggleqot or | i
stri ke, which finall y-urpesauhe edi i ar saahe ibantetalke
an altitude of 1' 300 ft.

11. The documentation of the establisheadaffacts a
reptordid not contain any enwisdieamaeg efnoerntt hef ct |

aircraft. The FDR datanwmews aofsi gsntiadhiclainzer a
movements without aogntrredlatedputs, whi ch stron
damage in the taTihli ssegt 0bsaublltyedr een the aircraf:Ht
erratic maneuverosugh much of the five minute fli

the FDR.

he draft final report erroneouslytooncludes
e by CRM principles of mutudévisatpipomd amd
of situational awar einrecasp adintidtairont oofs uba p te
F/ O failure to irretceorgmenzee vaenrde contri butory
accident. HoweveCRMgaod mutual support bet ween
were well eviidnentche’d €WVt i | the recordi-og sandrts
have gapscattical moments.

12. T
abid
| oss
t he

13. Moreover , t he CVR and DFDR <cl early show
member s wer e maki ng control i nputs i n an
aircraft, contradictingerheonnv &atpitgghitmi on"' s

was under subtl Il ncapacitationteohi tenheolwasts¢

aircraft even under heavydGatbobadi n#Mbr eceweorr,t the

itself as it affihasthe Capa a'i.n] was stheggl i

n
e
n
f
situati on.

14. 1t is probable that the work | oaedaspetheepgil
by the ATC, whi-sthamdaerdd npmr asehoddgi es, poor

coordination among its wunits iawmnd ssuwsaempag adfi omn
among confl iqgtidnegvitarteefdf iecsombti hes hed Lebanese
Aviation SOP, and vedtndroedt htuhned earisrtcaorani tcel | w

airpoffhi.s i s evideMmlcGecdvoince heecord and radar



The LebanesaAviCatvidn Authority puractbneemuti ¥4
wor k schefduA®C officers and manning, with one
contributed to the fatigue of the ATC office
performance.

The Crew and the Aircraft

15. The fli-gB® ®wimTth aircraf EANBgost2at 2anwar vy

was certified, equipped and maiekashedgin ac
regul ations and approved procedwoeshy The wahierncr ¢
di spatched for the flight.

16. The flight crew were proper /| yaclciocredasindede and ¢
existing regulations. They wer e aind camplyi andenew
' imitation.

17. The flight crew had current first class medi
18. Crew pairing was in accordance with approvec

19. The Captainewpsraenced pilot with 20twéar se
flying time of 10,233 hours.

20. The pilots were well trained on CRMrwhirch in
Management and the effect of possible subtle

Et hi opi an Response to the Accident

21. Il mmedi ately right after t he accident, Eth
emergency flight to Beirut to transtpearnt the

of 18 people, in accordance wnthrhhéeioaal opahca

22. However , t he Ethi opcaenctyeaahd effectivene
seriously affected by the | ack of single

Lebanese side.

23. The fact that different Lebanes@gi@owgr nment
various and contradictory néws aiccotilne médi a
accident made it difficult for the pemefrogpemctyh e e



necessary standard tasks, Ascanfruessiuvdn , a coapd ¢
di sorganization was observed with all concerned

The I nvestigation Process

24. Despite t he documentedy awmridememarties of
investigation t o foll ow t he international
investigation, which has three stages:

0 1st stdaetdata coll ection
0 2nd stagreal ysis of the facts
0 3rd stapemcl usion and safety recommend

The viestigation process fail ed to comply wi

Access to factual information and dcatsa&swer e
denied in violation of ArticlCoenyed%ioh Annex oh3
Il nternational Civil Aviation.

Article 5.185 afpk) 5o0f Annex 13 t o t he C«

Il nternational Civil Aviation entitles part.i

i n t he compil ation of factual information.

del i berations of t he anal ysi s and conc

investipgpaotcess. However, Ethiopia was tdeni ed
in this process.

N o j oint technical review and anal ysi s W

occasions, Ethiopian member s of t he I nves

Lebanon and France for joinalyscbBnbwoak revie
were told that the other members were not avai l

The I nvestigation Team and Ethiopian Co
25. Right from the start of t he accident i nv

expressed its willingness, commcomenatand tr
with the investigation team.

26. Ethiopia has provided access to allndequirec
evidences to the investigati on tcecamrp,aniyncp aldii amige s
manuals, and individual's private information.

27. Upon t hueesrteqgof the investigation teAddi €t hi o]
Ababa in January 2011 an investtigationinesgpmcaof
Ethiopian Airlines and EthiopiawofCkvnb Anainaitail osn.
The team was provided davod imeandrsdr engourikriendg proced
access to indiviidrutaelrsvifeow i ncl uding family membe



28. Ethiopia avail ed technical and operational
|l nvestig@hargénrequired such assistance.

29. Ethiopia officidhleyrrequevsaédof theanaircraft
to avail it to the State of occuwrorseance (Leba

However, the I nOGlkkatggadec!| il med tthheu soffefrer 9 2% do f

the wreckage, which coul dpstleabl € ghtc aounstehhee of

accident, remains in the sea bed.

30. With a Vi ew to enabl e a thorough i nvest
pending i ssues and activities t o be perfo
process, Ethiopi a i nitiated tripartite me e

States s@ingined four Memor anda of Under stand
2427, 2011.

31. Ethiopia exercised utmost patiecmo®epanadtmada

good faith, in complianceConvbnAnorex df3 ofnttehren e
Civil Aviation and tin talte oMemorcaendva of Under st a
32. 1n spite of t he unreserved efforts ma d e b
correct t he Il nvestigation process to compl
Annex 13 of t he Convention on Il nternati ol
guidance Imaterh@a Lebanese side aobdimgat i owmisfi
by availing all relevant data.

33. According to the Memoranda of Undersepamndi ng,
was expected to be jointly deudlmpecdd Hauwevieat,er
without a&amnylecarti on sfulrsttaret i al input of the EtI
the draft final report.

34. Ethiopia deeply regrets that theompVvedstkeidgat:i

without agreement and, therebhode, apelSaanoere, of
Ethiopian deamtdeaippend iderrfacttual Ify ndings
conclusion. The decision Astiol@ac@6o8daotce @i oh

to the Convention o0@Gi vinlt eAwiadt iomma.l

The Accident I nvestigation Approach



35.

The investigatifoami Ilprdoctee@scol |l ect and analy.

crucial and relevant facts, -information and
0 Wreckage of th®2%i otrahe: aircraft wreck
unrecovered from the sea. Despite the E
pleading to r ed&awer atthe tvwr eoown cost, the
denied the recovery and anal ysi s of t h

reasons unknown to the Ethiopian side.

0 CVR recovery andlfhreeacdcouery of the CVR
under the command of the Lebanese invest:i

The Lebanese investigators annoCW®ed the
on February 10, 2010. However ,tewhmen the in
requested for access to the nG\eR,titghmd olresb an
advised the investi gateicowetreeadm G\WRitpahe wa
the chassis. A wekkbhatere, thevestigators
another announceméhtyt hractcover ed the small
unit of the CVRaterdeepThe Ethiopian team
have accessmemotymweunit of the CVR before i:
shipmen But again this was denied.

This unusual and mysterious proacmess cast
the integrity of the investigaéeviodends, a r ¢
which proves that the memorryeaicnhieed of t hbheC'
| aboratory untampeupdrealdmnnf out of t he n

unit, 1t was fmemar y hathitphehas two gaps 0
records (oneed&®nds and the other 11 second
seconds rédcords at critical moments of the

Due to serious idhadwelgtridary thiethe CVR, the
Ethiopian team requested for recovery of the
seconds of the record through destructive te
Honeywell, which is the Original Equipment N
(OEM) of the component.

MoU signed i nO1lknwonfyi r2med eshatucthee
testing will be conducted at Honeywell . Late
Lebanese investigators changed their mind an
memory chip to BEA facility in Paris and cl a
prescribed destructivecoesrt i nlyge cmiug gli mgt r
part. The Ethiopian team has not witnessed t
destructive testing. Hence, the fulll convers

cockpit crew could not be retrieved and anal
contri bwtre poxaiulslee of the accident.

0O Bockis of vi whimse:the bodies of wvictims co
cruci al evidence to the investigation p
have been recover ed on t he dat e of t he



without any medical examination or autop:

theemessary evidence to the investigatio
strongly questioned as to why such nor ma
of conducting medical examination was Wi

State of occurrence.

0 Det ail ed passengeimps s spernogfeirl ppeofsodoreall i ke
passport detail s, i mmi gration record, fu
was denied by Lebanon. This vital I nf orn
the investigation process to identify the
the passengers and thiave gnvéenrsomeouhdi
if sabotage wafsl iigltol ved i n

0 Baggage scraearyi ngecxr ds, passenger sec
t hrough records and termi natthe€€T Wenrec
requested by the Ethiopian team. But I n
Lebanese sofderci@ad access to these vital
Ethiopian team firmly believes the 1inve
compl ete without these evidences.

Overall Review of the Draft Final Report
36. The dr aft report contains factual i n
contradoinst and hypothetical statemeibtys that a
evidences and renders an unbalancesdgeaftticomu,nt . |
unfounded judgments are madeforhwarod heasmed aompe npu
are expressed, which aeiet hneoot b ld saedewapdoenn c e or
researched data.
37. The draft report uses selected information
facts, critical for determining theupcrhobabl e
as:
O The dat a from FDR, CVR and ATC transcri

di sintegoatitbe aircraft;

ness accounts and test
ts from other flights i

O Significant eye Wi
[
in a "ball of ire

controllers and pi
r

0 92% of aircraft wreckage, whi ch ar e al |
under sitmgndof the circumstances of the accide

38. The draft report erroneously concl Whedsa from
reference to subtle incapacibaticomafof tHRHew€a@l a
evidence proving sympcamaciofathos Rf reoxm sttlse QWe
CVR and DFDRsdloavartlhyat both flight crew member



active conitnrpout s in an effort to control thellai
assertion.

39. Contrary to the draft report, gaombdbn@QRM e n
pil wes e recorded in the CVR untghpbt oft armied |tha

recording at critical moment s.
40. The FDR data shows a significanstabmbiezermn L
and roll movements without any mpelodbtadbd ycodue (|t c

damage itmitlhesecti on of the aircraft.

41. 1 n view of the foregoing, Ethiopia as S| at
hereby, submits this official | aeppemdadd 1
in full to the final report.

Summar 'y

42. From the anal ysial lodcttehde fdradma FDR,c oC\WR,n gAs]|C
and eye witness accounts, theheoatcpdebtbdre B U
409, -AlNB on 25 Januarythel®, em&s ng disintegr]||t
the aircraft as eaxprleosssuloth off n t he aecauwste 1a@3f|0

possi bl e shoaotabdootwang,e or | ightning strike.

43. The ATC use -sofandmaond phraseol ogi es, popr
among its units in i ssuance of clearantes:c
conflicting traffic, and vectorrimgcekthbet ai ||cr

of the airport, contributed to the |loadi dermtndl|y

stress on the pilots.




Comments by the Ethiopian Civil Avi a
On

The I nvestigation of the Accident
FI'ight 40y, 78d&Oi ABNB, January 25, 201
ByThe Ministry of Public Work & Transyg

Lebanon

To Be Appended to the Final Re

Par t |

Preﬁared pursuant to Annex 13
to the Convention on
International Civil Aviation



Det ai l ed Comment t o be A
the Final Report



Ref.

Draft Report

Ethiopia Append to the draft report

Page 20

11

History of flight

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

have also been considered.

The significant eyewitness accounts, including, ATC Controllers
were not properly taken in to account. In section 1.18.3.1 of the
report it is clearly stated [The ACC supervisor specified in his
report that the Tower controller reported seeing: [brange light
falling into the seall The incident Notice filled by the Chief of the
ANS mentions under [Remarks[that We saw an orange

explosion on the sky over the sea before the aircratft fell downl’.

These eyewitness accounts were not analyzed in detail as they
contained statements regarding a [{fire balll] at altitude in the sky.
This clearly points to the un controlled maneuvers followed by an
explosion in the air, due to shoot-down, sabotage or lightning

strike, which resulted in the break-up of the aircraft.

Page 20

11

In addition to these operational issues, the crew were
heard discussing their lay-over stay in Beirut and the
meal which could have affected the quality of their
sleep prior to operate the flight. However, their tone
of voice and discussions were normal during that

phase. The captain was also heard confirming that

The crew were having conversation and their tone of voice and
discussions were normal. However, the report wrongly concluded
as a result of lack of understanding the crew conversation in
Amharic without the benefit of common cultural assumptions or

speech analysis and linguistic test.




this was his first flight into Beirut. .

Page 21
11

At time 00:38:35 Beirut Control advised ET 409, [Sir,
| suggest for you due to weather to follow heading
two seven zero to be in the clear for fifteen twenty
miles then go to CHEKA and it[S up to you, just give
me the headingl]

This suggestion was not in accordance with the published ATC
SOP and there are indications that this statement involved:

0 Non-standard phraseology;

0 The instructed heading of 270° was taking the flight directly
into the centre of the thunderstorm. It was not understood why
the ATC controller repeatedly changed the instructed 315°
heading (safest direction) to 270° which led directly into the
area of the thunderstorm;

This corroborates the fact that Etihad flight prefers to fly
heading of 250° to avoid the storm. This is withessed by
Etihad Airways flight EY 533 eventually carried a go-around
from runway 16 and landed on runway 03 due to tail-wind.
During that go-around EY 533 was given by the Tower the
standard go-around procedure for runway 16, which is turn
right heading 270Ctlimb 2000 feet. However, they maintained
a heading of 25010 avoid the cell west of the field.

Page 21
11

At 00:38:44 sounds consistent with trim wheel turning
were recorded and heard on the CVR The DFDR
recorded simultaneously a pilot commanded nose up trim
input for a period of 30while at the same time maintaining
a control column push of 2[0n the nose down direction.

This resulted in a recorded increase in pitch trim from 7.9

Boeing Flight Crew Operation Manual Chapter 9.20.7 third
paragraph under Stabilizer Trim Clearly states [Control Column
actuated stabilizer cut out switches stop operation of the main
electric and Auto pilot trim when the control column movement

opposes trim direction.[]




to 8.7 units along with an airspeed of 196 Kts. (Beyond
that point, no stabilizer trim manual command was

recorded on the DFDR).

Based on this fact, if the system allows trimming with opposite
direction control column force, it is clearly an indicative of technical

malfunction of the integrity in the aircraft control the System.

Page22 | This was associated with a sharp left wheel input of | Around 00:39:00 the aircraft was entering the heavy rain and the
approximately 40Ctommanded by the crew resulting | thunderstorm located west of the airport while trying to follow
11 in a roll angle of 45CAnd reaching a maximum of 640 | heading 270° as instructed by the ATC. The aircraft was in erratic
left, triggering 5 automatic [Bank angleJcalls maneuvers as recorded on the DFDR, most likely caused by the
recorded on the CVR between time 00:39:01 and above mentioned likely loss of integrity of the flight control system
00:39:30. resulting in severe flight control problems. Itis likely that the
control problems were further exuberated by the flight entering the
thunderstorm.
Page22 | At time 00:39:46 ATC issued a clearance [Ethiopian | At time 00:39:46 when ATC instructed the flight to turn heading
1.1 409 follow heading two seven zero, turn right 270 the flight was on heading of 206. At time 00:40:20, when

heading two seven zeroll ET 409 read back [right
heading two seven zero, rogerl] The F/O is heard
confirming to the captain [{fvo seven zero setl] No
other action was recorded in compliance to that

instruction.

ATC instructed the flight to the heading 270° the flight was on a
heading of 166°. At 00:41:05, the ATC again instructed the flight
to fly heading 270°, when the aircraft was on heading 105°. During
all these three ATC callouts, as mentioned above, the aircraft was

in erratic maneuvers as recorded on the DFDR, most likely caused




by the above mentioned likely loss of integrity of the flight control
system resulting in severe flight control problems. It is likely that
the control problems were further exuberated by the flight entering
the thunderstorm, and at this stage of the flight, it was in the

centre of the storm making continuous left turn.

From this scenario it appears that the ATC was unaware of the
position of the thunderstorm which was located immediately to the
west of the airport. Hence, it appears that the vectoring of flight
ET409 did not take into account the weather around the airport,
but was mainly executed for separation of the flight from other

incoming aircraft.




Page

[The Auto throttle was disconnect via the auto

throttle disconnect switch{

The DFDR data confirmed that the Auto Throttle was
disconnected at this stage. However, as there are several ways
for the Auto Throttle to disconnect, it is not correct to conclude that
the disconnection was the done using the Auto Throttle disconnect
switch. since there are five ways to disconnect the Auto throttle :

1. Moving Auto throttle arm switch to off,

2. Pushing either Auto throttle disengage switches,

3. An Auto throttle system fault is detected,

4. Two seconds have elapsed since landing touch down

5. Thrust lever become separated more than 10 degrees.
The DFDR Data indicates only that the Auto throttle is
disconnected but there is no indication how the Auto throttle is
disengaged on the DFDR Data recorder.

Page
24

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

It cannot be concluded there is no evidence of a lightning strike.
There clearly was thunderstorm cells with heavy lightning in the
area,; only about 8 % of the wreckage was recovered, much more
wreckage should have been recovered and examined for, among
other things, any signs of lightning strike; and the CVR recording
is a poor source of information as a lightning strike may or may not
be heard on the CVR. Furthermore, there were two eleven
seconds gap in CVR recording in which no recording was
available (about 21 seconds was not available during the about
five minute duration of the flight.

As per Boeing clarification ref. 66-ZB-H200-ASI-18635 dated 30




November 2011 [There are several references that the airplane
was possibly struck by lightning and that further wreckage
recovery would potentially identify damage due to lightning strike.[]
However, no examination was done on the recovered wreckage;
It[S only the horizontal stabilizer section which is the biggest part of
the airplane so far recovered. There is no forward and mid section
recovered. Furthermore the black soot and the wrinkled area near
APU can give a better clue of fire if detailed examination is
performed.
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1111

DFDR

Initially, there was a concern related to the DFDR
data for the Captain and the F/O control inputs, as
many of the control inputs registered by the DFDR as
F/O actions were known to have been accomplished

by the Captain and vice versa.

The report did not acknowledge that the data to the DFDR was
cross-referenced to the effect that the Captain side inputs were
registered as F/O inputs and vice versa.

The DFDR data revealed technical concerns that should be
discussed in the report:

1. The DFDR data showed a significant number of
un-commanded pitch trims without any related control input
(indicative of a loss of integrity of the of the flight control system
resulting in severe flight control problems).Aileron and rudder
(aircraft roll)

During the initial turn to heading 315°, the flight was turning with a
constant rate of turn until 00:38:30. After this and without any
control wheel input, the bank angle began to increase to 37° which
activated an automatic aircraft excessive bank angle warning.

The Captain applied left rudder input at 00:38:44, but the aircraft
did not respond. This un-commanded roll to the right is recorded




on the DFDR which also shows that no related pilot flight control
inputs were made.

The DFDR records did not show at the same time
any commanded trim input; however, it recorded an | Pitch Trim (STAB Trim)
increase in pitch trim from 7.6 to 7.7 units at time

00:38:23, the recorded airspeed at that time was 206
Kts. The same sounds were heard again on the CVR
70later, the DFDR records show at that time a speed
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From 00:38:15 to 00:38:29, according to the DFDR, the STAB
trim was trimmed from 7.56 to 7.7 without any trim control input
(neither auto pilot nor manual input);

trim commanded nose up trim input resulting in an From 00:38:37 to 00:38:42, the DFDR showed a further STAB
increase in pitch trim from 7.7 to 7.8 units. The DFDR trim movement from 7.8 to 7.85 without any trim control input;
recorded airspeed at the time was and

209 Kits.

From 00:39:40 to 00:40:00 with pitch down control column
force applied, the aircraft pitch was increasing from 14.8 to
Page22 | at a heading of 204[JHowever, the pitch attitude 32.5 and pitch up trim was recorded from 8.6 to 8.83 without
any trim control input.

The airplane was then returned to wings-level flight

continued to increase and the airspeed continued to

decrease without any nose down column inputs. This is therefore, The DFDR data showed as above significant
number of un-commanded pitch trim movement .




Page 23 At time 00:40:09 & 00:40:13, the captain said (in As described above, the DFDR recorded pitch trim movements,
Ambharic) What is that?[] then louder, What is that?0J | which were indicative of a loss of integrity of the of the flight

At that time the aircraft altitude was approximately control system resulting in severe flight control problems.
7700Lthe recorded airspeed was 120 kts, the
recorded pitch about 4CLp, the AOA values 25.50]
(left) and 23.6[{right), and the vertical acceleration
is 0.6 g. The maximum AOA values were recorded at
00:40:14 as 32.0{left) and 30.0{right).

Page : o Only a recovery of most of the aircraft wreckage from the sea and
40 Based on the on-site and lab examination of the . o _ .

. a detailed examination of the wreckage would provide evidence
1 14 recovered wreckage, on the medical and

. . whether a fire in the air was involved (keeping in mind numerous
pathological information and on the under-water

. : . eyewitness accounts of a [fire ballCat altitude in the sky.
pictures and video taken of the remaining

wreckage, there is no evidence of any pre-impact Therefore, Ethiopia strongly disagree with the report hasty




fire.

conclusion based solely on the very limited aircraft wreckage
recovered about 8 %, while denying recovery of the major
wreckage by the IIC and despite the numerous eye witness
accounts of [Fire ballCat altitude in the sky. It is to be recalled that
the LIC agreed to address denial of wreckage recovery in the

report along with correspondences made in this regard )

Page Recovery attempt of the CVR U16 Memory Chip Ethiopia believes that a further attempt to read the information on
45 i
The BEA report concluded that: (Based on the the U16 Memory Chip should have been undertaken by the
1.16.4 external visual inspection and the asymmetrical manufacturer Honeywell as per the MOU reached with the IC.
results of the electrical characterization, it is very It is noted that there are two gaps (one 10 seconds and the other
probable that the internal die is cracked and the data 11 seconds at critical moments) with missing voice/sound on the
from U16 cannot be retrieved.O CAM channel of the CVR in the five minute recording of the flight
which leads to doubts about the completeness of the record and
wavering by the Investigator-in-Charge for recovery to be made by
the manufacturer Honeywell.
Page45 | Trim tab test & research It was noted that following the accident, the FAA issued an
1.16.5 emergency Airworthiness Directives 2010-06-51 on 12 March

The Left Trim Tab was also removed by technical

advisors to the Ethiopian team and under the

2010, another Airworthiness Directives 2010-09-05 on 19 April




supervision of the IIC, it was then sent to the NTSB
and an examination was conducted at the same
Boeing facilities on May 11™ under the supervision of

technical advisors from the investigation committee.

2010 and an amendment to it (2010-17-19) on 25 August 2010 by
the FAA related to the trim tab and as a result of a number of
incidents. Also, the Boeing Commercial Aircraft Company issued
an amendment on 23 September 2010 to the 737 Flight Crew
Operations Manual regarding Elevator Tab Vibration, which
among other things recommended [donsider landing at the

nearest suitable airport(]

It is recommended that the Elevator Tab Vibration incidents should
be described in detailed in the report, that the damage and causes
of the elevator tabs be discussed and compared to the damage
noted on the elevator tab from flight ET409. The significant
indications of a loss of integrity of the of the flight control system
resulting in severe flight control problems on flight ET409 would
need to be discussed and compared to the known damage from

other incidents involving the elevator tab system.
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1.16.6

Black soot near APU

Upon the observation made by the Airworthiness
Group on the presence of a [Black soot[hear the
APU exhaust area and some wrinkle on the metal,

Ethiopia believes that a further laboratory examination of the part
is warranted, in order to establish to what extent heat was present

and to confirm the origin and material of the [Black sootl]




the 1C decided to send a section of fuselage skin
from the APU compartment comprising that black
soot to the Materials Laboratory of the NTSB for
examination. The reason was to determine whether
the [Black sootlidentified in that area was heat
related and to determine its origin.

Furthermore the black soot and the wrinkled area near APU can

give a better clue of fire if detailed examination was performed.

During interviews conducted in Addis Ababa with the

Page 50 .. . . The information provided in 1.17.1.11 is partially misinterpreted. The
training pilots, the IC was informed that upset N o '

1.17.1.11 | recovery training is conducted through a briefing in upset recurrent (proficiency) training is conducted during the full
addition to being part of a full flight simulator training | flight simulator training session with full practice per B737 FCOM
session (FFS 007). However, the ET VP Flight non-normal maneuvers. FFS Syllabus Lesson (7) for 737-700/800
Operations advised the IC that the [Simulators donffl | ¢«
support jet upset recovery traininglLlNevertheless,
one of the training pilots advised the IC that training | The VP Flight Operations explained that the simulator did not have
plI(?ts car? induce a smulated upset by ask.lng the a feature (button) to select an upset scenario. As the training pilot
trainee pilot o turn his head sideways while the . o o _ _
training pilot sets the plane to high nose up, more explained, the upset scenario is selected by the training pilot using
than 25 deg, with no bank angle, high power setting | Mmanual inputs.
and wings level, then asks the trainee to recover as
per the procedure described in the QRHo

051 However, in one of the F/O early fixed base simulator The training file of the E/O indicated an lent performan
Peg training sessions (FBS [JLesson 7), the following © fraining file ot the I. |ca_e an exce ? pg ° ? ce.
1.17.1.12 record throughout the full-flight simulator sessions, including his

remark was written about his performance as PM:
[As a PM interferes with PF duties unnecessarily.
Has to be confident with his actions. Should stop

check flight and his six months recurrent proficiency check. The
F/O was graded 4 in CRM, which was the highest grade. The final




asking irrelevant questions. Should stop repeating
minor mistakes.[J

During one of the interviews with a pilot who was
very close to the F/O, that pilot recalled

hearing from the pilot instructors that had taught the
F/O that he was [fhe best studentl] The same
interviewed pilot replied to a question from the IC
about the F/O assertiveness in the following terms:
[@ssertive with his peers, when he is flying, he will
assert himself to defend

what he is doing.[]

Furthermore, in one of the captain(s transition
training report (FFS 0O 8), the training pilot
mentioned about his trainee that [generally lack of
concentration is observed(]

report mentions a remark written early on during the initial training
well before the F/OI[S 15 session full-flight simulator training. The
final report, in this respect, misrepresents the factual content of
the training file of the F/O.

The comments from the interview with a pilot very close to the F/O
are taken out of context and are inappropriate. These direct
guotes cannot be included in the report.

Regarding the Captain(s training records; it is un professional to
single out and quote from the training records. The write-ups in
training records are made for that purpose only, using some of
those write-ups for purposes different from the purposes for which
they were developed is not recommended (ICAO Annex 13,
Attachment E). A group of single write-ups quoted are usually
taken out of their context and could be considered disrespectful.
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1.17.3

Thirty six air traffic controllers work as three groups;
each group works for twenty four hours and rests for
forty eight hours. The working hours and rest periods
within each shift are planned by the supervisor;
typically an ATC controller would work between 2 - 3
hours then take his rest at the designated area.

Each group working at the ACC consists of a
supervisor and six air traffic controllers who work as
Area and Approach controllers and as assistants.

According to the ATC records, at the time of the accident there
was one ground controller and one tower controller serving flight

ET409. The supervisor was on a [festrooml[break.

At the time of the accident, the ATC controllers had been on duty
for a consecutive time period of 20 hours. A human factors

investigation to establish the degree of controller fatigue (including




The Tower group consists of a supervisor and four
controllers who work as Tower and Ground
controllers. In addition there is the Flight Information
Centre where there are some personnel from the
ATC staff & 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, start-up and taxi permissions.
The Tower controller issues the departure and
landing clearances 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
accident there was one ground controller, one tower
controller and a supervisor handling the traffic in the
Tower. There was also an Approach controller, an
assistant controller and a supervisor handling the
traffic in the ACC. All controllers reported for duty at
0700 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

non-standard phraseology, poor coordination among ATC units,
Unplanned three different heading clearances, vectoring the
aircraft into a thunderstorm cell etc[) would have been

warranted.
The work schedule for ATC controllers is 24 hours and

It was agreed in Paris to include this issue in the analysis in order
to develop recommendation to review that work schedule in line
with international practice. However, the final report did n include

the agreed recommendation.




Lebanese CAA confirmed these times as

correct.
Page55 | Other eyewitness The significant eyewitness accounts, including, ATC Controllers
1.18.3.3 | Many eye witnesses contacted the government were not properly taken in to account.

officials stating that they saw at the time of the

accident a Ball of fire[alling into the sea at the time These eyewitness accounts were not analyzed in detail as they

and calculated location of the accident. contained statements regarding a {ire ball at altitude in the sky.

These reports raised many speculations by the

media who associated the eye witness reports

with the aircraft accident and built various stories and

theories based on these accounts. Some various

declarations by people who were not associated with

the investigation also contributed to fuel some media

speculations.

2. Analysis

Page 57 Neither the DFDR data, nor the CVR data showed The aircraft was in erratic maneuvers as recorded on the DFDR,
2.1 most likely caused by the above mentioned likely loss of integrity

any evidence of a warning linked to a system

malfunction, or a major failure occurring during the

of the flight control system resulting in severe flight control




flight.

problems. Itis likely that the control problems were further
exuberated by the flight entering the thunderstorm.
The DFDR data for the accident flight shows that there were a

significant number of un-commanded roll and pitch trim
movement.

Page 57 | At the time of the accident, there were light winds, The accident aircraft was vectored into a thunderstorm cell, which
2.1 isolated clouds and imbedded cumulonimbus included turbulence, lightning, rain and cloud.
extending between 2,000Cand 24,000(10 the area
_ Lightning strike is one of the possibilities for a [ire ballCwhich the
SW, NW and NE of BRHIA. This had generated
. . . draft report did not consider. In order to determine whether there
some thunderstorm activities associated with
. . L . . was a lightning strike to the aircraft the wreckage should have
changes in the wind direction and speed, in addition g g g
. . been recovered from the sea bed (depth was about 45 m which
to some rain and light to moderate turbulence
. should not constitute a problem for wreckage recovery).
around the airport area.
The temperature on ground was 11[indicating that
Page 57 | . . . . According to ET procedures, the flight crew would use anti-icing
icing conditions would most likely be encountered
21 when the ground temperature was 10 degrees C or below.

during climb, once flying into clouds at higher

altitude and lower temperature. There was no

Hence, the flight crew did not use anti-icing, nor were they




record on the DFDR or the CVR for the use of anti-
icing during the flight; however, there was no record
of any system malfunction or failure normally

associated with icing.

required to use anti-icing.
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221

During the take-off run, the CVR recorded a sound
similar to interference on the radio followed

by the captain saying [did you see that? [
Those two events may refer to lightning activities
somewhere in the vicinity of the airport. However, no
reaction is recorded from the F/O apart from the
standard [Bo KnotsOcall when passing that speed on
take-off. Which most probably implies that nothing
which might affect 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.

Following the Interference on the Radio, the captain said [Did you
see that[land the F/O confirmed that after 80 Knots call out. This is
the time the first 10 seconds CVR data missing happened. During
this critical phase of the flight, no call out is allowed except the
mandatory conversation by the crew and it is clear that the crew

might saw something that affect the flight.
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2.2.2

The second unusual event is recorded at 00:38:30
when the actual heading of the aircraft exceeded
the 3150kelected heading without any action from
the PF on the control wheel to reduce the roll or to

During the initial turn to heading 315°, the flight was turning with a
constant rate of turn until 00:38:30. After this and without any
control wheel input, the bank angle began to increase to 37° which

activated an automatic aircraft excessive bank angle warning.




stop the turn, although the FD gives indication to
reduce roll. That inaction was not met by a call from
the PM as required by the ET SOP. This
exceedance continued for 14vhen the aircraft had
exceeded the cleared/selected heading by 48[
reaching a maximum heading of 003[J

The Captain applied left rudder input at 00:38:44, but initially the
aircraft did not respond. This un-commanded roll to the right is
recorded on the DFDR which also shows that no related pilot flight

control inputs were made.
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2.2.5

At 00:39:59 the captain was heard saying in Amharic
(What is that[] just before the activation of the stick
shaker (from 00:40:01 to 00:40:28). That call was
repeated twice during the stall. He was also heard
saying [Speed[as the stick shaker was coming on.
His voice indicated a significant stress level. It is
not possible to know what he was precisely referring
to; referring to [Bank anglellis unlikely because
those alarms were previously heard; referring to
stick shaker would indicate that he did not identify
the 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 external
factor such as weather would also indicate a loss of
situational awareness, since the weather was
displayedonthe PF* s screen. Thel
likely that he was referring to the global situation
indicating that he didniunderstand why the situation

In the later stage of the flight, it does not serve any purpose to
analyze the flight crew actions with reference to an intact aircraft.
As described above in several places, it is likely that a loss of
integrity of the flight control system resulted in severe flight control
problems, and the flight control problems were further exuberated
by the flight entering the thunderstorm cell.

The reference to the Captain not identifying the stall warning (stick
shaker) is inappropriate.

The repeated questions by the Captain recorded on the CVR
(What is thatCare likely references to the flight control problems
which had resulted from the loss of integrity of the flight control

system.




was degrading in such a way.
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2.2.5

He then called 5 timesigo around[] starting from
the moment he pushed the throttle. The TO/GA
switches on the thrust levers were pushed, with no
change in the FD modes since the TO/GA mode
was already engaged. The F/O said in a cool voice
[Roger Go around [¢onfirming that this mode was
active. This action was in line with the initial
approach to stall recovery procedure in force at the
time of the accident and could have contributed in
aggravating the situation by increasing the AOA, had
the thrust been at a lower power setting”.However,
neither the thrust was reduced since take-off to
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

The flight crew actions were in accordance with the Boeing stall
recovery procedures in effect at the time of the accidents (it was
later shown that the application of full thrust exaggerated the pitch
up attitude; whether the thrust had been at a lower or higher
power setting, the maximum power applied could contribute in
aggravating the situation by increasing the AOA.). Furthermore
this situation had been witnessed by the IIC in this Final report as
[Those changes in flight control inputs and maintaining the thrust
at go-around didn[fallow the captain to recover from stall
situation or from the pitch down attitude, but indicates that he
was still struggling to save the situationldThat is why subsequently
after the accident Boeing has changed its procedures on stall

recovery.
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2.1

Furthermore, the recorders data and the pieces of
the wreckage retrieved from water do not show any
evidence of a lightning strike that may have
jeopardized the flight.

Presently the recovered wreckage is about 8% with more than
90% of the wreckage is still under water. Without recovering the
wreckage from the sea bed and examining it, the possibility of a
lightning strike cannot be ruled out.
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2.2.11
Event 11

[Ball of fire[

In the analysis of ball of fire it was stated in the

report that

[0 Neither the CVR & DFDR pattern reflected signs
of an explosion or an aircraft break-up as a result
of such an explosion.

[0 Mo sign of any explosion or fire were detected
on the wreckage weather recovered under water.

[0 Mo sign consistent with fire or explosion were
detected during the autopsies carried on some of
the bodiesl]

[0 The only loud noise recorded on the CVR was
consistent with the calculated time the main
aircraft body impacted the water surface.

The eyewitness accounts contained statements regarding a fire
ballCat altitude in the sky. This clearly points to an explosion in
the air, such as shoot-down, sabotage, break-up of the aircraft or
lightning strike which all possibilities were not examined and

analyzed in detail.

From the data obtained from DFDR and CVR, the recorders
stopped recording at an altitude of 1[300 feet with a loud noise
recorded on the CVR and no further data was obtained. The
simultaneous disappearance of the aircraft from the ATC radar
confirms an explosion and .disintegration of the aircraft on the sky.

With only 5 Autopsy results presented out of 90 victims, Is it
possible to reach a [@o sign of fire[tonclusion?
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2.2.11

The presence of thunderstorm activities in that area
could have 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.

The explosion of the airplane on the sky was clearly stated on this

report by the well experienced ATC controllers.
[0 The incident Notice filled by the Chief of the ANS mentions
under [Remarks[that Wwe saw an orange explosion on the

sky over the sea before the aircraft fell downl’.

[1One of the Tower controllers advised that he saw @ light
over the CostaBraval(SW of BRHIA).

[0 The ACC supervisor specified in his report that the Tower
controller reported seeing: [Grange light falling into the
seall

While the fact is indicated as stated above, Why is the IIC
challenging the well experienced ATC Controllers as if they can
not differentiate an explosion of an airplane and a thunder storm
activity?
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23.1.1

The ET 409 crew experience was within the
minimum criteria stipulated in the ET Procedures in
the following terms: [Captain who has less than 300
hours and F/O who has less than 100 hours on type
shall not be rostered together.24D

The ET 409 crew met those requirements since the
Captain had 188 hours and the F/O had 350 hours

The Captain and the F/O on flight ET409 met the requirement on
the FOPM, and could therefore be paired together and the flight
time acquired till the accident flight is within the Regulatory bodyIs
limit.




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 operation of the
aircraft under demanding conditions,

especially when we consider that the captain(s
experience on the B737-700/800 was acquired in
the 51 days preceding the accident, which might
have affected the purpose for setting that
experience level.
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2.3.1.3

Despite 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 demonstrated during the

M-Cab sessions.

The M-Cab simulation performed at Boeing did not consider
factors affecting the flight like meteorological, technical anomalies

and other external factors.

It serves no purpose to conduct a simulation on the assumption
that the aircraft was intact, when in fact there was significant
evidence, including the DFDR data, that the integrity of the flight
control system had been compromised for reasons that remain to

be established.
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2.3.2

In his endeavor to help ET 409 avoid weather, the

Tower controller amended the clearance to

the aircraft from a LATEB 1 D departure to a right
turn direct Chekka as he was clearing the

flight for take-off. Had the aircraft followed the initial
standard departure it would have had to

climb to 5,000" prior to turn r
would have taken it 5-7 miles SW of the

field. An active CB was identified close to the airport
towards the SW. Following the LATEB

1D SID route would have lead the flight right into
that CB. 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 arrivals from the

North, advised the Tower to amend the clearance to
a heading of 300[br 315L]which the Tower
controller did prior to transfer ET 409 to the Area
controller. That constituted 2 changes in less than a
minute, but did not seem to affect at that stage ET
409 who 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 take-
off clearance given to ET 409. However, this had no
effect on the communication exchange with the

From the ATC weather radar image and the meteorological report
at the time LATEB 1 D departure would have been a better route
to avoid the CB. From the ATC script it is clear that the ATC had

no awareness about the location of thunder storm.




flight, since the new heading was immediately well
received and acknowledged by the flight crew.
Nevertheless, the ATC personnel should act in
accordance with the laid down SOP.

Page 71

Beyond that 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
relaxed voice, with the exception of the last non-
standard [oger, roger(tall back transmitted by the
F/O one minute prior to the crash and the open
microphone sound he got as a reply to the last
instruction the flight crew could have heard around
20[prior to the crash.

From the CVR data the continuous open mic indicates the
desperate attempt from the pilot to transmit message to the ATC.
If the ATC did not receive distress call it does not mean that the
crew did not attempt to transmit.

[Roger Roger [wvas standard reply phraseology for that particular

communication.
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2.4.3

The engine N1 that was applied during takeoff was
consistent with a 22k de-rate thrust settingzg.With a
22k de-rate thrust setting, a weight of 70,443 kg
(155,300 Ib), and a center of gravity of 18%, the
Airplane Flight Manual (AFM) for ET-ANB defines
the recommended takeoff stabilizer as
approximately 6.9 units. The event weight and
balance form listed the stabilizer setting as 5.26

The available engine ratings on the ET-ANB B737-800 aircraft are
24k, 26k and 27k. Therefore, the calculations in the analysis
using 22k are incorrect since the airplane didnflhave a provision
for 22K ratings.




units™ . This is 1.64 units in the airplane nose-down
direction beyond that recommended in the AFM.

Page 75
2.5

Human Factors

The entire section 2.5 is inappropriate and inaccurate based false
premises and hasty conclusions. It is based on un founded
judgments are made hypothesis are put forward and opinions are
expressed ,which are not based upon either factual evidence or

researched data.

Re. 2.5, It serves no purpose to analysis the Captain[s control
inputs and actions on the assumption that the aircraft was intact,
when in fact there was significant evidence, including the DFDR
data, that the integrity of the flight control system had been

compromised for reasons that remain to be established.

Re. 2.5.1. In 1.1 above, it was suggested that this statement be
amended to read along the lines: [Before engine start-up, the flight
crew was heard on the CVR discussing some non-pertinent issues
(related to their lay-over stay in Beirut). Nevertheless, their tone of

voice and discussions were normal.

When the DFDR clearly shows both flight crew were actively




making control inputs in an effort to control an aircraft’, the
integrity of which had been compromised for reasons that remain

to be established.

Re. 2.5.2 and 2.5.3. These two paragraphs are developed based
on misguided assumptions, partial statements by colleagues and
the families of the flight crew which have been taken out of context

and presented disrespectfully.

3. Conclusions
3.1 Findings

3.1.1 The Aircraft

5- | The aircraft flew in an out of trim situation for most of the | There were several un commanded stabilizer trim movements
time, while all systems were functioning properly. recorded on the DFDR and the stabilizer trim values opposite to
the pitch control input by the pilot are indicative of a technical
malfunction of the integrity in the aircraft pitch control system.
6- | The aircraft behavior was the result of its response to Ethiopia does not agree. There were several un commanded

the pilot(s input throughout the flight.

stabilizer trim movements recorded on the DFDR and the
stabilizer trim values opposite to the pitch control input by the pilot
are indicative of a technical malfunction of the integrity in the
aircraft pitch control system.




7- | There was no evidence of any defect or malfunction in Ethiopia does not agree. There were several un commanded
the aircraft that could have contributed to the accident. stabilizer trim movements recorded on the DFDR and the
stabilizer trim values opposite to the pitch control input by the pilot
are indicative of a technical malfunction of the integrity in the
aircraft pitch control system
The aircraft was structurally intact till the last couple of
8 . . . Ethiopia does not agree. The data obtained from the DFDR, CVR
seconds prior to the accident. However, the aircraft and the ground radar indicated that the recordings stopped
could have began to experience loss of structural recording at an altitude of 1300 feet, due to the breaking up or
. . disintegration of the aircraft in the air by explosion.
integrity when
passing 1290 feet during the final dive (2[before impact)
due to the excessive speed and loads. However, the
wreckage lay-out and CVR recording supports that it(s
main body was destroyed by impact forces with the
water.
9- | No signs of fire or explosion were detected in the aircraft | Ethiopia does not agree. Such a conclusion cannot be made when

wreckage.

only some 8 % of the wreckage was recovered. The eyewitness
accounts contained statements regarding a ffire ballCat altitude in
the sky. This clearly points to an explosion in the air, such as
break-up of the aircraft or lighting strike, sabotage, or shoot-down,
all possibilities should have be examined and analyzed in
detailed.

3.1.2 The Flight Crew




The captain(s actions, statements and degraded

6 . . . . Ethiopia does not agree. A finding related to subtle incapacitation
performance during that period were consistent with the | .~". . .

R , o is incorrect and inappropriate, when the DFDR clearly shows both
effects of spatial disorientation and loss of situational flight crew members making control inputs in an effort to control
awareness that could have been the result of a subtle | an aircraft’, the integrity of which had been compromised for
incapacitation, although there was insufficient evidence | reasons that remain to be established.
to determine the reasons of that incapacitation.

The F/O failure to abide by all the airline SOPs and o . _ .

7 int th th tain th hout tof th ¢ Ethiopia does not agree. There is no evidence of a failure of the
in erver?e wi € Captain throughout mos 0. € VeNntS | F/0 to function effectively and failure to abide by all airlines SOP.
of the flight, even when called to do so, contributed to There is no evidence of [degraded performancelbn the part of the
the flight crew degraded performance. Captain.

3.1.3 Flight Operations
The aircraft anti-icing system was not used despite the o _ )
3- . o Ethiopia does not agree. In accordance with the Boeing FCOM
fact that the aircraft most probably flew in icing o
. ) and company SOPs, usage of the anti-icing system was not
conditions; however, the performance analysis required.
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 Ethiopia does not agree. The departure clearance direct to

to deviate from CB clouds present in the area around the

CHEKA was clear of bad weather, and hence there was no need
to discuss a deviation. From the CVR and ATC transcripts, it is




airport at the time of the flight.

evident that the ATC controller is using non-standard phraseology,
and vectors the flight directly into the thunderstorm cell.

5- | The aircraft did not follow any assigned heading Ethiopia does not agree. It appears likely that the integrity of the
provided by the ATC, despite the fact the crew was pitch control system had been compromised for reasons that
acknowledging the headings and the F/O was selecting | remain to be established.
them on the MCP.

5 The aircraft went twice into stall situations for prolonged Ethiopia d . The DFDR ded Etick-shakerQ

) times (27[& 260))and there was sufficient altitude lopia does not agree. 1he recorde ICK-Shaxer

_ _ activation, not stall. The aircraft was in erratic maneuvers as
available to recover from stall each time. recorded on the DFDR, most likely caused by a loss of integrity of
the pitch flight control system resulting in severe flight control
problems. lItis likely that the control problems were further
exuberated by the flight entering the thunderstorm.

7- The aircraft flew many times in a [Gross lateral control[] Ethiopia does not agree. The aircraft was in erratic maneuvers as
situations induced by the pilot actions on the control recorded on the DFDR, most likely caused by a loss of integrity of
wheel and rudder pedals. the pitch flight control system resulting in severe flight control

problems.

8- During the final phase of the flight the aircraft went into Ethiopia does not agree. The aircraft was in erratic maneuvers as
an uncontrolled spiral dive induced by the pilot recorded on the DFDR, most likely caused by a loss of integrity of
inconsistent inputs on the aircraft flight controls. the pitch flight control system resulting in severe flight control

problems. It is likely that the control problems were further
exuberated by the flight entering the thunderstorm

10- The ATC controllers provided proper instructions and Ethiopia does not agree. From the ATC transcripts, there are

follow-up to the flight.

indications of confusion and poor coordination between ACC and




TWR regarding the headings (vectors) to be given to flight ET 409.
Subsequently, the ATC controller is using non-standard
phraseology, and vectors the flight directly into a thunderstorm
cell.

12- | The aircraft did fly in heavy rain and icing conditions, but | Ethiopia does not agree. There is no evidence of icing conditions.
it did not encounter any severe turbulence or lightning There is no indication of the severity of the turbulence in the
strike. thunderstorm cell, and it cannot be ruled out that the aircraft was

hit by lightning.
3.1.4 The Operator
The SOP for the PM to monitor the PF and call any o .
3- deviati v imol 4 and Ethiopia does not agree. The operator policies and CRM program
ewa'gon_was not propery 'mp gmente an wgs r_‘Ot were fully implemented and up-to-date. There was no degradation
effective in preventing the continued degradation in the | in the Captainis performance. See also comment to 3.1.2, finding
captain(s performance during that flight. no. 7 above.

4- | The CRM training provided by the operator was not Ethiopia does not agree. The operator policies and CRM program
effective in promoting F/OIS assertiveness and were fully implemented and up-to-date. Among other things, CRM
leadership. is included in the training and every simulator session.

5- | The operator FOQA program did not identify trends that | Ethiopia does not agree. The relevance of this finding in relation to

could have lead to such an accident.

the occurrence is difficult to assimilate. The monitoring and trend
analysis is done by IATA/CAE-Flight Scape. The Flight Scape
program does probably not include trends related to in-flight
break-ups.

3.1.5 ATS and Airport Facilities




Ethiopia had suggested a finding to be inserted dealing with the
possible fatigue encountered by the ATC controllers due to the fact
that the accident happened at the end of their 24 h shift.

In addition, the following remarks hadnlilbeen addressed properly
in this section in detalil:.

H
N

O O O Od

Non-standard phraseology;

The instructed heading of 270° was taking the flight directly into
the centre of the thunderstorm. It was not understood why the
ATC controller changed the instructed 315° heading (safest
direction) to 270° which led directly into the area of the
thunderstorm;

The instructions may have become confusing to the flight
crew.

Poor coordination among ATC units
Unplanned clearance
Being unaware of the location of storm

Separation from conflicting traffic

The coordination between the Tower and Area
controller was not in line with the ATC SOP, although
this had no particular bearing on the accident.

From the ATC voice transcript Its obvious that the poor
coordination ,conflicting clearances in a very short period of time
and directing the flight into the centre of the storm had increased
work load on the pilots.




Ethiopia does not agree. The heading 270 degrees steered the

5- | The ATC controller requested ET 409 repetitively to turn | aircraft straight into the thunderstorm cell. Thatls why Etihad crew
to a heading of 270 in order to avoid weather, traffic and | followed heading 250° instead of 270° It is clearly indicated in the
mountains. report section 1.18.3.2 .[0During that go-around EY 533 was given

by the Tower the standard go-around procedure for runway 16,
which is turn right heading 270Ctlimb 2000 feet. However, they
maintained a heading of 25010 av oid the cell west of the field.[]

6- | The ATC controllers provided prompt and efficient [l Ethiopia strongly does not agree. The ATC controller is using

assistance to the flight crew, that assistance was not
effective.

non-standard phraseology, and vectors the flight directly into
the thunderstorm cell.

In addition

[0 The instructions were confusing to the flight crew.
[0 Poor coordination among ATC units

0 Unplanned clearance

[0 Being unaware of the location of storm

[0 Separation from conflicting traffic

With all these remarks it is unprofessional to say prompt and
efficient assistance was given by ATC controllers.

3.1.6 Flight Recorders




Oneoutofthe24CVR* s memory <chi p§g

4 . : There are two gaps of 10Cand 11[bf missing recording of the CAM
unreadable and prevented getting the full audio CAM durin Vo gap g g
g the flight.
track, creating a gap of 10[bf missing recording on the
CAM during the flight.
The quality of the audio information recorded was good. o , , .
5- . . . Ethiopia suggests a rewording as follows: The quality of the audio
All information was transcribed. . : : ) :
information was good. All information was transcribed, except for
the missing two 11 second gaps on the CAM channel.
3.1.7 Medical
1- | As aresult of the impact, there was no possibility to Ethiopia disagrees. The word [disintegration(should had been
carry an autopsy on the flight crew. used instead of [impactL]
Post-mortem examination and autopsies of some , - ) ,
4- . . . All 90 persons on board were identified. Some bodies were buried
bodies that were recovered inacceptable conditions . s T )
_ _ N _ without examination. Post-mortem examination and autopsies were
revealed no signs consistent with fire or explosion. done on five bodies only.
With only 5 Autopsy results presented out of 90 victims, it is
impossible to reach at such conclusion.
3.1.8 Survivability
1- | The accident was not survivable due to the magnitude | The accident was not survivable due to the explosion on air.

of the acceleration forces and the impact with the water
surface.




3.2 Causes

3.2. Probable Causes

The flight crew[s mismanagement of the aircraft(s

1- . . . Ethiopia strongly disagrees. From the analysis of the data
_speed,. altltudg, headings _and attltude_thrgugh collected from DFDR,CVR,ATC Recordings and eye witness
inconsistent flight control inputs resulting in a loss of accounts, the most probable cause of the accident on flight ET4009,
control. ET-ANB on 25, January 2010 was the breaking-up or disintegration

of the aircraft as result of explosion in the air at 1300ft, because of
possible shoot-down, sabotage or lightening strike,
The flight crew failure to abide by CRM principles of . .

2 | d calling deviati hindered Ethiopia does not agree. The operator policies and CRM program
mutual support and calling deviations hindered any were fully implemented and up-to-date. Among other things, CRM
timely intervention and correction. is included in the training and every simulator session.

3.2.2 Contributing Factor
The manipulation of the flight controls by the flight oo . L o
1 Ethiopia strongly disagrees. There were significant indications of a

crew in an ineffective manner resulted in the aircraft
undesired behavior and increased the level of stress of
the pilots

loss of integrity of the pitch flight control system resulting in severe
flight control problems on flight ET409.

The ATC use of non- standard phraseology ,poor coordination
among its units in issuance of conflicting clearances, poor
separation among conflicting traffic and vectoring the aircraft in to
thunder storm cell west of the airport contributed to the accident by
adding work load and stress on the pilots




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

Ethiopia strongly disagrees. No indication of spatial disorientation
and loss of situational awareness is observed from the DFDR and
CVR data. But There were significant indications of a loss of
integrity of the pitch flight control system resulting in severe flight
control problems on flight ET409.

The relative inexperience of the Flight Crew on type
combined with their unfamiliarity with the airport
contributed, most likely, to increase the Flight Crew
workload and stress.

Though It was his first flight for the captain on B737
aircraft to Beirut, he had flown to this Airport numerous
times with B757and B767 aircraft . The F/O was more
than familiar to the airport as he had flown there several
times.

The consecutive flying (188 hours in 51 days) on a new
type with the absolute minimum rest could have likely
resulted in a chronic fatigue affecting the captain(s
performance.

Ethiopia is agrees. The rest and duty times of the flight crew were
in accordance with the Ethiopian CAA regulations and the company
requirements. Itis most unlikely that fatigue would be involved
within the first five minutes of flight and, thus, a contributory factor.

The aircraft 11 bank angle aural warnings, 2 stalls and
final spiral dive contributed in the increase of the crew
workload and stress level.

Ethiopia strongly disagrees. There were significant indications of a
loss of integrity of the pitch flight control system resulting in severe
flight control problems on flight ET409. The flight crew actions
were in accordance with the Boeing stall recovery procedures in
effect at the time of the accidents (it was later shown that the
application of full thrust exaggerated the pitch up attitude;
subsequently after the accident Boeing has changed its procedures




on stall recovery) .

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.

Ethiopia does not agree. A finding related to subtle incapacitation is
incorrect and inappropriate, when the DFDR clearly shows both
flight crew members making “desperate* control inputs in an effort
to control an aircraft’, the integrity of which had been compromised
for reasons that remain to be established.

The F/O reluctance to intervene did not help in
confirming a case of captain(s subtle incapacitation
and/or to take over control of the aircraft as stipulated
in the operator(s SOP.

Ethiopia does not agree. A finding related to subtle incapacitation is
incorrect and inappropriate, when the FDR clearly shows both flight
crew members making “desperate* control inputs in an effort to
control an aircraft’, the integrity of which had been compromised
for reasons that remain to be established.

Poor coordination among ATC- units, non-standard
phraseology, various heading changes, and deviation from
ATC- SOPsI)L have caused high work load and confusion to
the flight crew.

The 24 h consecutive work schedule of ATC officers and
maning (one ATCO per unit) has resulted in fatigue affecting
the performance.

Un awareness of an ATC controller about the bad weather
have contributing to vectoring the flight towards the storm




4. Safety Recommendations.

4.1 The Operator

41.1

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

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 areas: technical competence, 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 to procedures. 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
announce ambiguities 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 outlined in the B737 SOP”. If the deviation is not
corrected he must again make the appropriate call.




The operator should consider its classification of

4.1.2 1 airports where non-technical constraints might affect Ih?:lgﬁfrgtor h?s idelgtifiiad I\f:nd Cé}t‘?lgﬁrize_d ,_?_\irp_o_rt clas(sjiftijcgticpn in

flight operations and brief their flight crew accordingly. | '™ T19nt perations Route Manual. 1nere IS Training and brieting
ght operations and brief their flight crew accordingly requirement in the Airlines Policy for the Airports with technical
constraints.

4.1.3 | The operator should re-examine his crew pairing and Ethiopia disagrees. There have been no indications that the
scheduling policies in order to ensure a less stressful operator crew pairing and scheduling policies have not been safe
cockpit environment. and effective. The crew pairing more than satisfies the approved

regulatory requirement
The operator should consider establishing write up
4.1.4 The training file of the F/O indicated an excellent performance

criteria for pilots training files in order to avoid the
adverse effects of any miss-interpretation by the
trainees.

record throughout the full-flight simulator sessions, including his
check flight and his six months recurrent proficiency check. The
F/O was graded 4 in CRM, which was the highest grade. The final
report mentions a remark written early on during the initial training
well before the F/OIS 15 session full-flight simulator training. The
final report, in this respect, misrepresents the factual content of the
training file of the F/O.

The comments from the interview with a pilot very close to the F/O
are taken out of context and are inappropriate. These direct quotes
cannot be included in the report.

Regarding the Captainis training records; it is un professional to
single out and quote from the training records. The write-ups in
training records are made for that purpose only, using some of
those write-ups for purposes different from the purposes for which
they were developed is not recommended (ICAO Annex 13,




Attachment E). A group of single write-ups quoted are usually
taken out of their context and could be considered disrespectful

4.1.5

The operator should consider developing his safety

oversight program in order to detect such potential flight

crew performance.

monitoring and trend analysis by IATA/CAE-Flight scape. This
program does not include trends related to in flight break-ups.

Ethiopian Airlines has SMS program in place. The FOQA uses the

4.4 Lebanon

The Lebanon CAA shall

0 revise the working schedule for ATC personnel
regard to fatigue control mechanism

the use of ATCI manual and SOP

in

[0 Establish procedure for monitoring ATC personnel on

and proper weather awareness to its ATM.

The Lebanese CAA should ensure implementation of ICAO
English language proficiency, ATCI manual, work schedule




4.5 Boeing

The autopilot system on B737 aircraft needs to be modified to
engage regardless of forces applied to the controls and to provide
an alert if the autopilot does not engage.
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