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Title, Synopsis Aircraft Accident Report

Crash Into The Sea After An In-Flight Fire

O QOperator: Asiana Airlines

© Manufacturer: The Boeing Company

O Type: B747-400F

O Registration Mark: HL7604

O Location: International waters 130 km west of Jeju International Airport
N33°15'04.56" E124°59'31.02"

© Date & Time: 28 July 2011, about 04:11 (Korean Standard Time)

Synopsis

On 28 July 2011, about 04:11, Asiana Airlines flight 991, a B747-400F
airplane, a scheduled cargo flight from Incheon, Republic of Korea, to Shanghai,
China, crashed into the international waters about 130 km west of Jeju
International Airport after the flight crew reported a cargo fire to Shanghai Area
Control Center (SHI ACC) near a reporting point SADLI on airway AS593 about
03:54 and attempted to divert to Jeju International Airport.

Aboard the flight were two pilots. Due to this accident, they were fatally
injured, and some portions of the fuselage separated from the airplane in midair.
The wreckage of the airplane was distributed under the sea in the area 3 km by

4 km in southwest-northeast direction.

The Aviation and Railway Accident Investigation Board (ARAIB) determined
that the cause of this accident was 'A fire developed on or near the pallets
containing dangerous goods but no physical evidence of the cause of the fire
was found. The fire rapidly escalated into a large uncontained fire, and this
caused some portions of the fuselage to separate from the aircraft in midair,

thereby resulting in the crash.
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As a result of this investigation, the ARAIB makes 5 recommendations to
Asiana Airlines, 11 recommendations to the Ministry of Land, Infrastructure and

Transport (MOLIT), 3 recommendations to the Boeing Company, and 1

recommendation to ICAO.
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1. Factual Information

1.1 History of Flight

On 28 July 2011, about 04:11 Korean Standard Timel), Asiana Airlines flight
991, a B747-400F airplane, HL7604 (hereafter referred to as AAR991), a
scheduled cargo flight from Incheon, Republic of Korea, to Shanghai, China,
crashed into the international waters about 130 km west of Jeju International
Airport (hereafter referred to as Jeju Airport) after the flight crew reported a
cargo fire to SHI ACC near a reporting point SADLI on airway A593 about
03:54 and attempted to divert to Jeju Airport.

Due to the crash impact and fire, the captain and the first officer (FO) were
fatally injured, the aircraft was destroyed, and the cargo shipments were

damaged, incapable of being recovered, or washed away.

AAR991 was a scheduled international cargo flight operated at night under
the instrument flight rule in accordance with the Aviation Act of the Republic of

Korea and the Convention on International Civil Aviation.

The captain and the FO showed up at the flight crew ready room of Asiana
Airlines in Incheon International Airport (hereafter referred to as Incheon Airport)
an hour before the scheduled time of departure?) and signed the "show-up log,"

respectively.

The line mechanic stated that on 28 July, about 02:00, the flight crew arrived
at the airplane and that the captain performed the ramp inspection. The
loadmaster stated that about 02:15, under the guidance with him, the captain

inspected the loaded status of dangerous goods and other shipments in the main

1) Unless otherwise indicated, all times in this report are Korean Standard Time, based on a 24-hour clock.
2) At 02:45 on 28 July 2011.
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deck cargo compartment.

The transcript’) of ATC radio communications shows that at 03:04:28,
AAR991 took off from runway 15L in Incheon Airport. From this moment, the

captain®) took control of radio communications.

At 03:05:48, AAR991 made initial contact with Seoul Area Control Center
(SEL ACC) after takeoff and was instructed to climb to 34,000 ft and fly direct
to MALPA. At 03:12:19, the flight crew were advised to contact Incheon Area
Control Center (ICN ACC).

At 03:12:35, AAR991 was climbing to 34,000 ft on a permitted route when
it made initial contact with ICN ACC, and at 03:13:05, was allowed to fly
direct to NIRAT.

At 03:26:05, ICN ACC instructed AAR991 to change its radio frequency to
124.52 MHz. From this moment, the FO mainly assumed control of radio
communications, but the captain also occasionally made communication. At
03:26:21, the crew were instructed to fly direct to SADLI, and at 03:50:46, ICN
ACC advised AAR991 to contact SHI ACC on frequency 134.0 MHz.

At 03:51:15, AAR991 stated that it was maintaining at 34,000 ft and flying
direct to SADLI when it made initial contact with SHI ACC.

At 03:52:39, SHI ACC instructed AAR991, "AAR991 radar contact, off-set 5

miles right of track," and the flight crew carried out this instruction at 03:52:51.

The Aircraft Communications Addressing and Reporting System (ACARS)

3) Unless otherwise indicated, all communications records hereinafter are excerpts from the ATC transcript.
4) When the ATC transcript was prepared, voices of the captain and the FO were identified with the help
of Asiana Airlines' B747-400 captain.
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messagesS) received by the ground station were as follows: about 03:53,
"EQUIPMENT SMOKE," "EQUIP COOLING," and "CGO DET 11 MN DK";
and about 03:54, "CGO DET 6 MN DK" and "CGO DET 10 MN DK."

At 03:54:23, the FO stated, "Shanghai control, Shanghai control, AAR991
request emergency descent, emergency, declare emergency due to fire main deck.

Request descent, and descent to one-zero thousand.”

At 03:54:37, SHI ACC gave AAR991 a descent clearance and instructed it to
turn at its discretion, and the FO acknowledged this instruction. The radar data

of ICN ACC shows that AAR991 started descending at 03:54:59.

At 03:55:08, the FO requested a diversion to Jeju Airport, stating "We have
fire main deck, AAR991, return to Jeju AAR991," and SHI ACC approved the

request.

At 03:58:03, SHI ACC instructed AAR991 to maintain 10,000 ft, however,
followed by no response from AAR991. At 03:58:25, SHI ACC requested
KALB86 flying near AAR991 to relay any information from AAR991 to SHI
ACC. KALS886 stated that AAR991 was descending to 10,000 ft and flying
direct to Jeju.®) According to the radar data of ICN ACC, AAR991 was flying
at 16,000 ft at a ground speed of 452 kt on a heading of 345°.

At 03:59:13, AAR991 requested a radar vector to Jeju. At 03:59:50, SHI
ACC instructed AAR991 to fly heading 045, and AAR991 acknowledged this

instruction.

At 03:59:26, according to the ATC transcript, the sound of the FO's breathing

5) ACARS messages were further received as shown in Section 1.6.5.2.

6) Between 03:55:29 and 03:57:48, SHI ACC and AAR991 tried to communicate about descent altitude and
a change of destination but failed to understand each other's intention, whereas KAL886 comprehended
their communication.
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through an oxygen mask was recorded four times when he communicated with

SHI ACC.

The last ACARS messages received by the ground station about 04:00 are as
follows: "YAW DAMPER UPR,"” "RUD RATIO DUAL," and "FLAPS
CONTROL."

At 04:00:23, SHI ACC instructed AAR991 to contact ICN ACC on 124.52
MHz for a radar vector to Jeju, however, AAR991 stated that it was unable to
contact on this frequency. Consequently, SHI ACC instructed the crew to
monitor frequency 134.0 MHz.

The radar data of ICN ACC shows that at 04:01:43, AAR991 was flying at
8,200 ft at a ground speed of 404 kt on a heading of 033°, and after this,
AAR991's altitude, ground speed, and heading changed inconsistently?).

At 04:02:00, SHI ACC instructed AAR991 to contact Fukuoka Area Control
Center (FUK ACC) on 133.6 MHz. At 04:02:10, the FO stated, "AAR991" and
12 seconds later, added, "Fukuoka AAR991 mayday mayday mayday, we have
cargo fire, request direct to Jeju please," followed by no response from FUK

ACC.

At 04:03:01, the FO called SHI ACC and stated that it was unable to contact
FUK ACC. Consequently, SHI ACC instructed AAR991 to pass information to
KAL886 and let KAL886 relay the information to FUK ACC and ICN ACC.

At 04:03:01, the flight track data of the Incheon radar shows that AAR991's
transponder code in Mode 3/A was set to 7700 from 6353 when the aircraft was

flying at 8,500 ft at a ground speed of 410 kt on a heading of 027°.

7) Refer to [Figure 2], [Figure 3], and Appendix 3 (Radar Data of ICN ACC).
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At 04:03:24, KAL886 advised AAR991 that it would relay its message to
ICN ACC, and the FO stated, "Yes, now direct Jeju heading 030." KAL886
informed AAR991 that SHI ACC gave it heading 045, and the FO

acknowledged this instruction.

At 04:04:14, SHI ACC instructed KAL886 to use another transmitter to
contact ICN ACC on 124.52 MHz, to request heading to Jeju from its present
position, and to report back to SHI ACC. Regarding this, KAL886 gave an

affirmative response.

At 04:05:30, the captain® called KAL886, and KAL886 responded, "Relay
from Incheon Control, from Incheon Control, maintain heading 060, radar vector
for final, and you may descend to 7,000 ft." At 04:05:52, KAL886 again relayed
the message, "Maintain heading 060, radar vector for final, and descend to 7,000

ft," followed by the captain's response, "Descend 7,000 ft."

Beginning 04:06:25, the captain called "Korean Air" twice. At 04:06:30,
KALB86 responded, "Stand by, stand by," followed by the captain's statement at
04:06:32, "Ah-:- we are now that rudder control is not working and seems to be

fired:-- (jamming)."

At 04:06:41, SHI ACC instructed KAL886 to contact ICN ACC on 124.52
MHz, and at 04:07:16, instructed AAR991 to try contacting KAL886 on 124.52

MHz, followed by the captain's acknowledgement.

At 04:07:34, the captain stated, "We have to open the hatch, hatch."
Subsequently, KAL886 instructed AAR991 to change its frequency to ICN ACC
frequency 124.52 MHz.

8) From this moment, the captain took control of radio communications.
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At 04:08:52, ICN ACC instructed KAL886 to relay the message to AAR991
that JEJ APP established radar contact with AAR991 and that AAR991 should
contact JE] APP on 121.2 MHz. At 04:09:08, KAL886 relayed this message to
AAR991.

At 04:09:47, the captain said to JEJ ACC, "Rudder control::- flight control,
all are not working." The FO said to JEJ ACC, "Did you contact? Uh:-+ do you
contact us?" and JEJ ACC responded, "AAR991::- yes, I can hear you."

At 04:10:06, the FO stated, "We have heavy vibration on the airplane, may
need to make an emergency landing, emergency ditching,” and JEJ ACC
responded, "Yes, say again, please." He stated, "Altitude control is not available

due to heavy vibration, going to ditch--- ah."

At 04:10:26, JEJ] ACC asked AAR991, "Can you make approach to Jeju?"
and subsequently, tried to contact AAR991 three times, however, followed by no

response from AAR991.

[Figure 1] shows AAR991's whole flight track from the takeoff point to the
crash point. [Figure 2] and [Figure 3] are AAR991's horizontal and vertical
flight track, respectively, from pre/post-emergency declaration to the crash,
reconstructed on the basis of ICN ACC radar data, with major ATC radio
communications and ACARS messages incorporated. The upper and bottom
figures in [Figure 3] depict the vertical flight track based on distance from the

crash point, and time elapsed after 04:00:10, respectively.



Aircraft Accident Report

Factual Information

fiT
=
=
Q
&
(&
(7]
» .
<
x| 4

P

———

[Figure 1] AAR991's Whole Flight Track
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[Figure 2] Horizontal Flight Track before/after Emergency Declaration Including
Major ATC Radio Communications & ACARS Messages
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Vertical Flight Track Based on Distance from the Crash Point

ALTITUDE|fT)
23 AARSTE1
40000 “shanghai controt AARSS1 reguest emergency
desCent; emergency, declare emergency due 1o
fire main deck. request descent, and gescent to
she-zerothousand.® (FO) +— ICN_ACC —&— MCRC ==»%+ ESTIMATED TRACK
35000 "
e e L
X
Y
20000 \t
!,
'
X
¥
25000 "
(04:06-32) AARSS1"0}. 22| rudder control= QH 5[ 0
2Ol fire7t | = (jamming).. 7 Z0t 2  “[captain)
AMREE1
15000 i
[D2:59:29) TURE NCE ACME J\C “
) ACT 1001 fly he: cac f "
) SHIACC "RARSS1 fly heading 045, fﬂhj ““1\
X 4o \
10000 + " ‘K e e o adoo
% ﬁ,g"_',r"'
(04.0222) AARSEL | 500
5000 “Fukuoks &ARSS1 mayday maysay maysay, fve
have cargo fire, reguest direct to Jeju pleasq" (FO) i 4000
2 S "
= . [
0 T T 7 T T = - . ¥ !
o o =3 o =1 = = o = o sfosig o
= =] =1 = = = = = = =]
ik b5 A, £ o = = = O ESTIMATED CRASHPOINT <
5 =) = S = = = = =) =]
= =1 =1 = = = =1 = = =]
DISTAMCE (i)

Vertical Flight Track Based on Time Elapsed

after 04:00:10

(Rt Altitude & Speed st
16000 800
14000 f "\ 700
12000 4 = 500
ALTITUDE
Fosn \\ fich-acc) f\ /ﬁq \ =00
™~ /"‘Wi ~ SPEED
=i r— - [ICH-ACE)
&000 -\\v:-_--—_;“f' il \‘__—'f" - FL.r L L \ 400
6000 200
ALTITUDE
[MCRC) \
1000 200
—e— ALT} ICN-ACT —s— ALT: MCRC] -==F-3PD: ICNACC
2000 100
0 o
o o o o o o o o o o o o
— — — — — — — — — — — —
= o i i & & -b‘ = & & = 5
{= [=] o o {= o o o f=1 {= — —t
o o o f=1 = o o o f=1 = = o

[Figure 3]

Vertical Flight Track Including Major ATC Radio
Communications & ACARS Messages
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1.2 Injuries to Persons

Injuries Crew Passengers Other
Fatal 2 0 -
Serious 0 0 -
Minor/None 0 0 -

1.3 Damage to Aircraft

The aircraft was destroyed by in-flight fire damage and impact forces caused

by the crash into the sea.

1.4 Other Damage

Cargo shipments aboard the aircraft were damaged, incapable of being
recovered, or washed away due to fire, impact forces by the crash, and

submergence in seawater.
1.5 Personnel Information
1.5.1 The Captain

The captain (male, age 52) was hired by Asiana Airlines on 2 July 1991.
After working as B737 and B747-400 first officer, he was promoted to B737
captain on 24 December 1996, and to B747-400 captain on 3 July 2001.

The captain held a wvalid air transport pilot license, B737 type rating,

B747-400 type rating, an aeronautical radio operator license, level 4 ICAO

English Proficiency Certificate®), and a first-class airman medical certificate!0),

9) Term of Validity: 05 Mar. 2008 - 22 Dec. 2011.
10) Term of Validity: 09 Dec. 2010 - 31 Dec. 2011.



Factual Information Aircraft Accident Report

issued on 9 December 2010, with the limitation that he must wear corrective

glasses during flight; possess a reserve pair of corrective glasses.

The company's personnel record shows that the captain had accumulated
14,123 total flight hours including 2,501 hours as the ROK Air Force pilot.
Since hired by Asiana Airlines, he had flown 4,726 hours in B737 airplanes
including 3,340 hours as pilot-in-command, and 6,896 hours in B747-400
airplanes including 5,666 hours as pilot-in-command. He had flown 946, 269, 86,
and 27 hours in the 1 year, 3 months, 1 month, and 1 week, respectively,

before the accident flight.

The captain's training record shows that, as part of regular ground training, he
received his half-yearlyl) B747-400 type training on 25 February 2011 and
common subject training on 19 April 2011. He also received his CRM training
on 17 December 2010 and recurrent training in a flight simulator on 2 March
2011. He passed his proficiency check and line check on 3 March 2011 and 2

June 2011, respectively.

As for the captain's whereabouts in the 72 hours before flight, he operated
AAR965 (Los Angeles-Beijing-Incheon) on 24 July 2011. His family stated that
he, as usual, took a walk near his apartment and did house chores like cleaning
his house on 25 (Mon) and 26 (Tue) July. On 27 July (Wed), he departed his
home in Cheongju!2) for his mother's house in Seoul!3) and rested there to

prepare for the AAR 991 flight.

His colleagues stated that the captain was active and very considerate of

11) In order to meet the flight crew recurrent training criteria required by Flight Safety Regulations, Asiana
Airlines semiannually offers ground training, flight training, and a check in the first and second half of
the year, in accordance with the flight crew training regulation.

12) Cheongju is located approximately 150 km from Incheon Airport, and it takes approximately 3 hrs 30
min by public transportation from Cheongju to Incheon Airport.

13) Seoul is located approximately 40 km from Incheon Airport, and it takes approximately 1 hr by public
transportation from Seoul to Incheon Airport.
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others' feelings. His medical record shows that he had no special medical history
or hospitalization record, and that he had no health problem which could have

affected his flight performance.

1.5.2 The First Officer

The first officer (male, age 43) was hired by Asiana Airlines on 2 April
2007. He was promoted to B767 first officer on 5 February 2008 and B747 first
officer on 4 November 2010.

The first officer held a valid air transport pilot license, B767 type rating,
B747-400 type rating, an aeronautical radio operator license, level 4 ICAO
English Proficiency Certificate!4), and a first-class airman medical certificate!s)
with the limitation that he must wear corrective glasses during flight; possess a

reserve pair of corrective glasses.

The company's personnel record shows that the first officer had accumulated
5,211 total flight hours including 3,010 hours as the ROK Air Force pilot. Since
hired by Asiana Airlines, he had flown 1,709 hours in B767 airplanes as
second-in-command and 492 hours in B747-400 airplanes as second-in-command.
He had flown 748, 232, 77, and 18 hours in the 1 year, 3 months, 1 month,

and 1 week, respectively, before the accident flight.

The first officer's training record shows that, as part of regular ground
training, he received his half-yearly B747-400 type training on 25 January 2011
and common subject training on 10 February 2011. He also received initial
CRM training on 28 November 2007, regular CRM training on 10 February
2011, and recurrent training in a flight simulator on 25 February 2011. He

passed his proficiency check on 26 February 2011.

14) Term of Validity: 05 Mar. 2008 - 23 May 2013.
15) Term of Validity: 12 Oct. 2010 - 31 Oct. 2011.
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As for the first officer's whereabouts in the 72 hours before flight, he
operated AARS588 (New York-Brussels-Incheon) on 24 July 2011. His family
stated that he had his usual daily life like taking a walk near his house, except

for receiving 8-hour recurrent type training at work on 26 July.

His family and colleagues stated that the first officer was a family man,
sincere and active in doing everything, with a strong sense of responsibility, and
that he did not drink any alcohol, smoke, or take any illegal medication and
was in good health. His medical record shows that he had never had special

medical history or hospitalization record since hired.

1.6 Aircraft Information

1.6.1 Aircraft History

The aircraft, HL7604, whose serial number is 29907, was manufactured!®) by
the Boeing Company on 15 February 2006 as a B747-48EF freighter. On 22
February 2006, it was delivered to Asiana Airlines and registered under the
Korean Airworthiness Authority. The aircraft held a valid airworthiness certificate

issued on 24 February 2006.

The aircraft had accumulated 28,752 total flight hours and 4,799 total cycles

at the time of the accident.
It was equipped with four CF6-80C2BIF engines manufactured by General
Electric. Their thrust amounted to 57,900 1b x 4, and the APU model was

PW901A.

The dimensions of the aircraft are shown in [Figure 4].

16) Manufacturing Line Number: 1370; Manual Application Number: 103.
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[Figure 4] Dimensions of the Aircraft

On the wupper deck of the aircraft were 8 seats for passengers and

supernumerary crew members. The cargo configuration of AAR991 is shown in

[Figure 5].
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[Figure 5] Main Deck (Top) & Lower (Bottom) Cargo Compartments

% Gray Positions: No Cargo Shipment
1.6.2 Scheduled Maintenance and Fault History

Scheduled maintenance performed in the 5 months before the accident!?) is

shown in [Table 1].

17) From 4 March to 25 July.
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Category of Latest Performance
Scheduled Cycle
) Date
Maintenance
1A 750 hrs 26 Jan. 2011
2A 1,500 hrs 14 Mar. 2011
3A 2,250 hrs 01 May 2011
4A 3,000 hrs 08 Jun. 2011
4C 36,000 hrs 14 Jan. 2011

[Table 1] Scheduled Maintenance in the 5 Months before the Accident

Review of the maintenance history of the 5 months before the accident
confirmed that there were 208 faults and corrective actions on the aircraft
journey log. Out of these faults, those with the air conditioning and
pressurization (ATAI!®) 21), electrical system (ATA 24), equipment and
furnishings (ATA 25), and fire detection system (ATA 26), which were

determined to be of interest, and their corrective actions were examined.

There were 11 faults with the air conditioning and pressurization system. As
faults repeatedly occurred with outflow valves, both left and right valves were
replaced. In particular, on 18 April 2011, as the "EQUIP COOLING" warning
message was displayed on AAR774 (Frankfurt/Incheon), the aircraft diverted to
and landed at Koltsovo Airport in Russia. This fault turned out to be with the

equipment cooling printed circuit assembly, which was then replaced.
Ten faults occurred with the electrical system, but five of them were
concerned with the generator while the other five with the replacement of bulbs

in the switches.

There were 22 faults with the equipment and furnishings, which were mainly

18) ATA stands for the Air Transportation Association, which categorizes the aircraft system by number,
and this categorization is universally used by the aviation industry.
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related to a pallet power drive unit (PDU) and a locking device.

Three faults occurred with the fire detection system. On 26 April 2011, as
the "AFT CGO 4 LOOP" message was displayed, the fire detection system was
tested on the ground after landing, but no fault was found. Aisana Airlines
determined that "AFT CGO 4 LOOP" message was a false fire warning due to
moisture. Smoke detectors sometimes false alarm due to moisture and thus, the
Boeing Company issued a service letterl9) about actions to correct such a fault.
The remaining two faults with the fire detection system were concerned with

engine fire detector loops.

1.6.3 Aircraft System

1.6.3.1 Air Conditioning and Pressurization System

The air conditioning and pressurization system converts hot pneumatic air at
high pressure, which comes from the engines, to temperature controlled
conditioned air at low pressure and distributes the converted air to the various

airplane compartments including flight deck.

Air flown into the compartments is discharged overboard through the
modulation of the pressurization outflow valves aft of the airplane, and

accordingly, cabin pressure is regulated.
The airplane is equipped with three air conditioning packs. In each pack,
pneumatic bleed air is metered through a flow control and shutoff valve and is

initially cooled in a heat exchanger.

During flight, ram air is the cooling medium, and during operation on the

19) Doc No.: 747-SL-26-020; Issue Date: 17 Mar. 2004; Title: Cargo Compartment False Fire Warnings Due
To Moisture.
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ground, a fan on the air cycle machine (ACM) cools the air.

As shown in [Figure 6], cool air leaving each of the air conditioning packs
flows into a single conditioned plenum chamber, and as necessary, flows to the
flight deck, crew rest area, upper deck and cargo compartments through the main

distribution manifold.
The temperature controller mixes cool air from the packs with hot air from

the engines to generate air at the temperature required by the cabin and then

distributes it to each compartment of the airplane.

AFT MAIN DECK -

RISERS

MAIN DECK FORWARD
AND UPPER DECK

UPPER DECK g =& 5
S / )
CREW REST AREA: & peeE— " B

A ‘5\
it
’/ 0

[Figure 6] Distribution Ducts in the Aircraft

As shown in [Figure 7], air leaving each of the air conditioning packs flows
into a plenum chamber and is distributed to the upper deck and main deck
cargo compartment through the distribution ducts, and to the lower cargo
compartment through diffusers in the ceiling. The air then flows either forward
to an overboard valve or aft to outflow valves and is discharged overboard for

appropriate airplane pressurization.
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[Figure 7] Air Flow in the Aircraft

The forward equipment racks are cooled by either air conditioning pack air,
or by a fan in the forward cargo compartment left sidewall which draws air
from the forward cargo compartment for cooling. A second fan in the forward
cargo compartment right sidewall exhausts hot air into the forward cargo

compartment.

The aft equipment racks are cooled by two lavatory and galley vent fans
which draw hot air and exhaust it into the bulk cargo compartment and out

through the pressurization outflow valves.

When there is a fire in the forward equipment racks during flight or a pilot
puts an equipment cooling control switch in the "OVRD" position, two fans for
cooling forward equipment racks stop their operation and the "smoke override

valve" is open, thereby exhausting air in the racks overboard.

When the "MAIN DECK ARM" switch is pressed, two of the three air

conditioning packs shutdown and airflow to the cargo compartments (main deck
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and both lower lobes) is shutoff. One pack continues to operate to provide fresh
air to the flight deck and supernumerary area to prevent smoke from entering

occupied areas.

When the " CARGO FIRE DEPRESS/DISCH" switch is pressed, two outflow
valves open. Through these open valves, air is exhausted to reduce cabin

pressure.

1.6.3.2 Fire Waming and Detection System

The fire, smoke, or overheat detection systems give the flight crew visual
and/or aural indications of abnormal conditions in the engines, APU, cargo
compartments, landing gear, wings, lavatories, crew rest, and E/E compartment.
In the cockpit are two speakers sounding fire warnings, two master warning light

indicators and an EICASZ20) screen displaying related messages.

The pilot's overhead panel contains a FIRE/OVHT test button. This button is
used to test the fire, overheat, and smoke detection systems for engines, APU,

wing leading edge, main deck cargo compartment, and lower cargo compartment.

There is a separate fire loop for each engine nacelle and cowling - two for

each engine - to detect any engine fire and overheat condition.

A smoke detector unit is installed in each lavatory to monitor for the

presence of smoke.

The main deck cargo compartment on a frighter are divided into a total of 16
fire zones, each of which has two smoke detectors for a total of 32 as shown

in [Figure 8]. The forward and aft lower cargo compartments are equipped with

20) Engine indication and crew alerting system (EICAS) is an integrated system providing flight crew with
aircraft engines and other systems instrumentation and warnings.
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a total of 16 detectors.

Venturi Ejector ’ Air Inlet Port ‘

A7 A7)

[Figure 8] Smoke Detectors in the Main Deck Cargo Compartment
Cargo smoke detection results in the master warning/caution light illuminating,

fire bell, and an advisory EICAS message. [Figure 9] shows the smoke detector's

basic operating principles.
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[Figure 9] Smoke Detector
A smoke detector installed between the supply air duct and exhaust air duct

detects smoke in the equipment cooling system, thereby creating an EICAS

message for the flight crew.



Factual Information Aircraft Accident Report

1.6.4 Weight and Balance

According to Asiana Airlines' loading management procedures, a loadmaster in
the cargo department prepares an airplane's weight and balance data by using a
computer program and provides such data to flight crew members before

departure.

The weight and balance data of AAR991 is as follows:

TOW 273,471 kg MTOW 394,625 kg
ZFW 224,891 kg MZFW 276,691 kg
LDW 258,412 kg MLDW 302,092 kg

Takeoff Fuel 48,534 kg

Trip Fuel 15,059 kg

Cargo Weight 65,937 kg

The permissible range of the center of gravity (CG) in accordance with a
flight manual, the operating range of CG in accordance with company rules, and

the CG in accordance with a flight plan are shown in [Table 2].

(Unit: % MAC)

ZFW TOW
Category
Fore Aft Fore Aft
Flight Manual's
o 16 33 11 33
Permissible Range of CG
Company's Operatin
pany’s Fperng 16.1 32.2 16.1 32.2
Range of CG
Flight Plan's CG 27.31 25.98

[Table 2] CG Data
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1.6.5 ACARS

1.6.5.1 General ACARS Information

The Aircraft Communications Addressing and Reporting System (ACARS) is a
digital data-link system that provides data communication between an airplane
and ground stations by using radio or satellite communications (HF, VHEF,

SATCOM) as shown in [Figure 10].

ACARS Data Flow

SATCOM

SATCOM

; HF
Transceiver

ATC
[

ARING - Snzpolis

sra-smmem . Data Service Providers
Airline

[Figure 10] ACARS Data Flow

ACARS replaces voice communication of the airlines’ operation control with
data communication. It can reduce flight crew’s workload since specific data can
be automatically transmitted if certain conditions are met. Also, it can manually

transmit message data at the request of the crew.

Automatically transmitted data is:
e Qut, Off, On, In Times: Data is generated due to value changes of the
various sensors installed on the aircraft and transmitted shortly after its

generation.
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Aircraft Fault Messages: Fault messages from the central maintenance
computer (CMC), which are related to EICAS messages, and are sent
every minute, but their time stamp has a resolution down to the minute.
Turbulence and Takeoff Reports: Information from the aircraft condition
monitoring system (ACMS)

Aircraft Position: Information from the flight management computer (FMC)

Manually transmitted data is:

Estimated time of arrival (ETA) update

Flight crew identity and payroll

Flight data such as flight number, departure and arrival airports, and fuel
on board

General text messages

The ACARS Present Leg Fault (PLF) reports are different from the FDR

data, and they have the following characteristics:

An ACARS CMC report may contain maintenance messages and
associated EICAS messages. The maintenance messages are time stamped
in hours and minutes with the time that the maintenance message was
generated by the CMC, but an ACARS CMC report will not include a
time stamp for the associated EICAS message. For an EICAS message to
be reported, the EICAS message must be correlated to a maintenance

message within a specific time window.

ACARS messages, unlike the FDR data stored at a regular interval, are
discontinuous snapshot data generated only when certain conditions are
met through the system logic. That is, out of fault data generated from an
airplane, only the data subject to certain conditions is converted into

messages.
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1.6.5.2. ACARS Messages

ACARS messages received from AAR991 include the following three

information: aircraft position data; turbulence data; and EICAS fault messages.

Aircraft position data is generated according to a change in waypoint2) as

shown in [Table 3], allowing the aircraft position to be traced.

Order Time Latitude Longitude
1 03:07:58 N37.213 E126.369
2 03:14:26 N36.439 E126.369
3 03:17:27 N36.237 E126.345
4 03:21:27 N35.556 E126.312
5 03:24:20 N35.330 E126.285
6 03:26:38 N35.153 E126.264
7 03:53:49 N31.533 E124.588
8 03:56:58 N31.514 E124.229

[Table 3] Aircraft Positions

Turbulence data is generated when the aircraft vertical acceleration G is more
than 1.3 G or less than 0.7 G at more than 50 ft radio altitude from takeoff to

landing. Every data is transmitted about 20 seconds after its generation.

As shown in [Table 4], turbulence data was transmitted five times in total.
The data was transmitted once at 03:05:09 during takeoff when the aircraft

climbed to 120 ft for 20 seconds and then, four times during cruising.

After the pilots reported a fire to SHI ACC at 03:54:23, the aircraft
descended by 9,433 ft for 2 minutes and 6 seconds between 03:57:03, second
data transmission time, and 03:59:09, fifth final data transmission time. The

average descent rate per minute was 4,492 fpm22).

21) When passing a waypoint during flight, a message is transmitted.
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Data

Flight .. . Altitude | Speed Heading| Pitch Roll
Transmission Time G
Leg | o | (deg) | (deg) | (deg)
03:04:49 211 97 1.03 152 0 0
Takeoff| 03:05:09
03:05:09 331 172 1.32 152 14 -1
03:57:03 | 23,478 337 1.04 300 0 10

Cruising| 03:57:23

03:57:23 | 22,333 | 336 1.35 312 -2 18
03:57:23 | 22,333 | 336 1.35 312 -2 18
03:57:43 | 20,697 | 345 1.32 328 -5 34
03:58:25 | 17,690 | 348 | 0.91 345 -4 15
03:58:47 | 15,490 | 363 1.33 011 -5 32
03:59:09 | 14,045 | 358 1.13 022 0 5
03:59:29 | 13,294 | 351 0.66 026 -3

Cruising| 03:57:43

Cruising| 03:58:47

Cruising| 03:59:29

[Table 4] Turbulences

EICAS (FDE23), flight deck effect) messages received by the ground station
via ACARS and their levels are summarized in [Table 5], and more details are

contained in Appendix 1.

Also, ACARS messages received by Asiana Airlines for about an hour before
the crash (03:04:49 - 04:10:50) are found in Appendix 2, along with time-based

aircraft status and events.

About 03:59, the EICAS message that the Emergency Locator Transmitter
(ELT) was on was displayed but the signal was not received by the Mission
Control Center (MCC). More details of the ELT are specified in Section 1.15.2

of this report.

22) (23,478 - 13,294) + 146 (sec) x 60 (sec).
23) FDE messages displayed on an EICAS in the cockpit require the flight crew's action or reference.
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Time

FDE Messages

Level
-Note-

03:53

EQUIPMENT SMOKE

EQUIP COOLING

CGO DET 11 MN DK

24)
03:54

CGO DET 6, 10 MN DK

03:55

CGO DET 7, 16, 5, 4, 3, 8 MN DK

03:56

PACK 2, 3

SATCOM SYSTEM

A/P SINGLE SYS

YAW DAMPER LWR

STAB TRIM, STAB TRIM 2

25)
03:57

AUTOPILOT DISC

DET APU FIRE

FMC LEFT

DOOR ENTRY L5

FLIGHT RCDR SYS

03:58

AUTOTHROT DISC

ELEVATOR FEEL

BTL LOW CARGO A

CGO DET AFT 4

03:59

BAT DISCH APU

SUPRNMRY OXY ON

APU

ELT ON

04:00

YAW DAMPER UPR

RUD RATIO DUAL

FLAPS CONTROL

QF e (@ > > ennan > > Z > nl>n n n 0

-Note- Message Levels

W Warning: indicates an operational/airplane system condition which requires immediate corrective

action.

C Caution: indicates an operational/airplane system condition which requires immediate crew awareness
and some prompt compensatory action.
A Advisory: indicates an operational or airplane system condition that requires crew awareness for
possible future compensatory action.
S Status: is necessary when determining the dispatchability of the aircraft, and some messages are
included in the Minimum Equipment List (MEL).

[Table 5] Select EICAS (FDE) Messages

24) At 18:54:23, pilots declared an emergency and at 18:55:08, notified a main deck cargo fire to the

ATC.

25) About 4 times of turbulences were reported from 18:57:03 to 18:59:29.
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1.7 Meteorological Information

1.7.1 Precipitation and Temperature of Incheon Airport

Data on precipitation26) and temperature of Incheon Airport in the 27 hours

before AAR991's departure is shown in [Table 6].

Unit: mm, C

Time

Date

00(01|02/03|/04|{05{06|07|08/09|10(11|12|13|14|15|16|17|18]19|20|21|22|23

P |50/1.0| - | - ]0.5/3.0/122.5/0.0| 8.5|22.0/56.5/9.0| - | - | - | - | - |13.522.0/0.0|0.0|2.5|2.0|0.0

27
T | 2525242424 24(24|24|24|24|24|24|25]25[26|27|25|25|26|25|24|23|23|24

P |05/0.0/0.0]0.0
28 Takeoff from Incheon Airport about 03:05
T |25(26]26] 26

—Note— - : No precipitation; 0.0: There is precipitation, but less than measurable unit.

[Table 6] Precipitation & Temperature of Incheon Airport in the 27 Hours

1.7.2 Area Weather Condition

Weather observations made by a meteorological satellite from 03:45 until
04:15 on 28 July are shown in [Figure 11]. The exact altitude of cloud is
difficult to identify, but the weather conditions over Jeju Island and the accident
site indicated that a southwest current of air and a westerly current of air
flowed in at the middle and upper levels, respectively. Also, there were no

convective cloud??) or other unusual weather phenomena.

26) Data from the Korea Aviation Meteorological Agency in Incheon Airport, and the unit of precipitation
is mm.
27) A cloud with heavy rain, turbulence, and hail.
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28 July at 03:45 28 July at 04:00 28 July at 04:15

[Figure 11] Weather Observations Made by a Meteorological Satellite

Weather observations made by a weather radar28) from 03:30 until 04:10 on
28 July are shown in [Figure 12], and there was no cloud with rain over Jeju

Island and the accident site.

28 July at 03:30 28 July at 04:00 28 July at 04:10

[Figure 12] Weather Observations Made by a Weather Radar

At the time of the accident, two airplanes operated by China Eastern Airline
and Asiana Airlines were flying at 33,000 ft on airway AS593 and at 37,000 ft
on airway B576, respectively. The pilots of the two airplanes stated that over
the accident site, there was no turbulence or cloud with rain, and that there

were a weak wind and a clear sky.

28) 10 nationwide radars with a surveillance radius of 250 km.
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1.7.3 Weather Conditions of Departure and En-route Altermate Airports

A METAR weather report filed when AAR991 took off from Incheon Airport

about 03:05 was as follows:

"METAR RKSI 271800Z 20020KT 9999 FEWO010 BKNO018 OVCO080 26/22
Q1007 TEMPO -RA=" (Surface wind 20 kt at 200, Visibility 10 km, Overcast

at a middle level, Temperature 26 C, Pressure 1007 mb)

A METAR weather report of Jeju Airport designated as an emergency landing
airport by AAR991 after a cargo fire, filed at 04:00 on the day of the accident,

was as follows:

"METAR RKPC 271900Z 21009KT 150V300 9999 SCT030 BKNI180 29/21
Q1010 NOSIG=" (South-southwest surface wind at 9 kt, Variable from southeast
to northwest, Visibility 10 km, Broken at an upper level, Temperature 29T,
Pressure 1010 mb)

Upper wind??) over Jeju Island (observatory location: N33.28° E126.16°) is
shown in [Table 7].

Observation Time

4,000 ft (agl)

6,000 ft (agl)

10,000 ft (agl)

27 July 21:00

195° at 30 kt

195° at 28 kt

210° at 25 kt

28 July 09:00

205° at 28 kt

206° at 26 kt

210° at 22 kt

[Table 7] Upper Wind Data

1.8 Aids to Navigation

The radar system of ICN ACC was in normal operation throughout the

29) Upper wind is observed every 12 hours and was used to calculate the crash position from the last flight track
of AAR991 (altitude).
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AAR991 flight, and the flight track of AAR991 recorded in the system is

contained in Appendix 3.

1.9 Communications

1.9.1 Voice Communications Between the Aircraft and ATCs

Voice communications exchanged between AAR991 and ATCs from takeoff at
Incheon Airport to impact were transcribed, and the transcript can be found in

Appendix 4.

1.9.2 Direct Line Communications Between ATCs

When AAR991 declared an emergency and diverted to Jeju Airport, three
ATCs exchanged its flight data39) via direct telephone line in order for SHI
ACC to transfer the control to ICN ACC through HUK ACC, and the following

is the main content of their communications:

* At 04:00:01, HUK ACC requested SHI ACC to "transfer the control to
ICN ACC at 124.525 MHz."

* At 04:01:35, SHI ACC notified HUK ACC that "altitude was too low3D
to contact at 124.525 MHz."

* At 04:01:48, HUK ACC requested SHI ACC to "transfer the control to
HUK ACC at 133.6 MHz."

* At 04:03:14, HUK ACC requested ICN ACC to "give an alternative

30) Flight Data: flight number, transponder code, aircraft position and altitude, ATC frequency, emergency
situation, etc.
31) About 8,500 ft according to ICN ACC radar data.
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frequency because communications were not available at 124.525 MHz."

At 04:03:17, SHI ACC notified HUK ACC that "altitude was too low to
contact at 133.6 MHz, either."

* At 04:03:18, ICN ACC notified HUK ACC that "SHI ACC was requested

to use an alternative frequency, 128.37 MHz, to transfer the control."

* At 04:03:42, HUK ACC requested SHI ACC to "transfer the control to
ICN ACC at 128.37 MHz."

* SHI ACC did not instruct AAR991 to change its frequency as above, via

direct telephone line.

1.9.3 Air Traffic Control Communications Facilities

According to the ATC/pilot communications transcript, when AAR991 declared
an emergency due to a cargo fire and diverted to Jeju Airport at 04:00:23, SHI
ACC instructed AAR991 to contact ICN ACC at 124.525 MHz in order to
transfer the control, but at 04:01:15, AAR991 notified SHI ACC that it was
unable to contact ICN ACC. At this time, AAR991's altitude in the ICN ACC
radar data was 9,000 ft.

Transceiver antennas operating at 124.525 and 128.375 MHz, two of the
frequencies used by ICN ACC to control the aircraft on south and southwest
routes of Jeju Island, are located in Seongpanac and Moseulpo on Jeju Island as
shown in [Figure 13]. The 124.525 MHz frequency antennas standing 10 m tall
are erected on the floor 850 m above sea level, thereby rising 860 m above sea

level.
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The top of Mt. Halla, 1,950 m above sea level, is located west of the
124.525 MHz transceiver antennas, whereas there are no geographical obstacles

west of the 128.375 MHz transceiver antennas.

HZALL

| Crash Site

Section of
Emergency

Dt 128375 Mz

Transceiver
Antennas

Top of 124.525 M[-Iz
Transceiver
o2ty Mt. Halla Antennas

[Figure 13] 124.525 & 128.375 MHz Transceiver Antennas

1.10 Aerodrome Information

Jeju Airport designated as an en-route alternate airport by AAR991 is
operable 24/7 and equipped with airport facilities3?) that allow B747-400

airplanes to take off, land, and park.

At 04:00:04, ICN ACC notified JEJ APP in Jeju Airport via direct telephone
line that AAR991 would land in Jeju Airport due to an emergency. Accordingly,
Jeju Airport Operator prepared for AAR991's emergency landing.

1.11 Flight Recorders

Two flight recorders, flight data recorder (FDR) and cockpit voice recorder

32) Airport facilities consist of basic and support facilities.
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(CVR), installed on the accident airplane were not retrieved.

1.11.1 Flight Data Recorder

The FDR installed on the accident airplane was a SSFDR (P/N 980-4700-042,
S/N SSFDR-09943) manufactured by Honeywell.

The FDR on the basis of ED-5533) measures 536 mm by 125 mm by 156
mm and weighs 6.8 kg. It consists of a chassis, the CSMU34), and the
Underwater Locator Beacon (ULB).

The ARAIB recovered the chassis with a severe fire damage but failed to

locate the CSMU.

1.11.2 Cockpit Voice Recorder

The CVR installed on the accident airplane was a SSCVR (P/N
980-6022-001, S/N CVR120-07910) manufactured by Honeywell. This CVR on
the basis of ED-56a35) measures 365 mm by 123 mm by 162 mm and weighs
59 kg. It consists of a chassis, the CSMU36 and the ULB, and was not

recovered.

1.11.3 Underwater Locator Beacon

33) ED-55 is a technical standard set by EUROCAE in May 1990. It specifies the Minimum Operational
Performance Specification and its testing procedures.

34) The CSMU is a module to safely protect flight data against external shock or fire. According to the
Minimum Operational Performance Specification of ED-55, the module is designed to protect the inner
data against impact shock of 3,400 G or 1,100 degrees of fire for at least 30 minutes.

35) ED-56a is the Minimum Operational Performance Specification developed by EUROCAE in December
1993.

36) The CSMU is a module to safely protect flight data against external shock or fire. According to the
Minimum Operational Performance Specification of ED-55, the module is designed to protect the inner
data against impact shock of 3,400 G or 1,100 degrees of fire for at least 30 minutes.



Factual Information Aircraft Accident Report

An Underwater Locator Beacon (ULB) emits an ultrasonic pulse of 37.5 KHz
at an interval of 0.9 times per second in all quadrants for at least one month
when triggered by water immersion, and is fitted to FDR and CVR, respectively.
The ULB (model: DK-120) manufactured by Dukane Seacom, Inc. was fitted to
the accident airplane. Lithium batteries that have a shelf life of six years were
fitted to FDR and CVR on 11 December 2009 and 22 February 2006,
respectively, and have never been replaced since then. Batteries are operable at a

temperature range between -2.2°C and 37.8TC.

1.11.4 Search Operations for Flight Recorders

Immediately after being notified of AAR991's accident, the ARAIB conducted
search operations in four phases to locate the crash site and retrieve flight

recorders. The details of the search operations are contained in Appendix 5.

Despite the operations, no ULB signals enabling the estimating of the flight
recorders' position were detected. Accordingly, the ARAIB focused search efforts

mainly on the flight recorders but failed to recover them.

1.12 Wreckage and Impact Information

As shown in [Figure 14], the wreckage of AAR991 was distributed in the
underwater area 3 km by 4 km, 130 km west of Jeju Airport, in
southwest-northeast direction. The black dots in [Figure 14] indicate recovery

points of the main pieces of the wreckage.
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Sec48 THEH|

HHAZ |

[Figure 14] Wreckage Distribution Map
1.12.1 Accident Site

The depth of the sea where the wreckage is distributed is estimated at 85 m
on the west, 87 m in the middle, and 81 m on the east. The average speed of
current measured at a sea buoy and the sea floor was about 5 kt and 1 - 2 kt,
respectively. The currents at the accident site flowed in a northwesterly direction
at high tide and in a southeasterly direction at low tide. The sea floor consisted
of mud and sand about 60 cm thick and was generally flat. The average
visibility at the sea floor was about 0.5 m. During July and August in 2011, the

accident site was hit by seven typhoons37).

37) Typhoons that influenced the accident site from 12 Jul. 2011 until 5 Sep. 2011: Ma-on (2011-6);
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1.12.2 Wreckage Recovery

From 06:00 on 28 July after AAR991 had disappeared from the radar,
resources3®) from the Coast Guard, the Navy, and the Air Force were dispatched
to the accident site and commenced search operations. From 12:00 on 28 July,
the Coast Guard started to recover some floating debris and cargo of AAR991 at

the accident site.

On 30 July, the ARAIB took over the floating debris39) recovered and
temporarily stored it at a safe area in Jeju Airport. Additional ships and
airplanes40) for rescuing the pilots and searching for the wreckage were

dispatched.

From 1 August, the naval ship was dispatched and searched for the ULB

signal.

On 2 August, using a side scan sonar, two search boats of the Japanese
salvage company searched for the underwater wreckage and confirmed that the

aircraft wreckage was widely distributed on the seabed.

On 17 August, a salvage tug of the Japanese salvage company equipped with
recovery equipment4l) located the empennage on which the FDR and CVR were

presumed to be installed.

On 20 August, the Japanese salvage company tried to recover the wreckage

identified as the empennage but to no avail due to a lack of experience of

Tokage (2011-7); Nock-ten (2011-8); Muifa (2011-9); Merbok (2011-10); Nanmadol (2011-11); and
Talas (2011-12).

38) Coast Guard: 5 ships (one 3,000 t, three 1,500 t, one 300 t) and 4 helicopters; Navy: 1 ship and 1
helicopter; and Air Force: 2 helicopters.

39) 869 pieces of debris from the aircraft and cargo in about 60 varieties.

40) 8 ships (Coast Guard: 8, Navy: 2, Korea Hydrographic and Oceanographic Administration: 1) and 3
airplanes (Coast Guard: 2, Navy: 1).

41) A remotely controlled underwater vehicle (working ROV) and a chain sling.
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underwater aircraft recovery, deteriorating weather conditions, and difficulty in
tying up the underwater wreckage for lifting. Using a remotely operated vehicle

(ROV), it picked up three pieces of the aircraft skin.

Until 20 August, the Japanese salvage company recovered three pieces of the
aircraft skin, provided coordinates of the wreckage and some images, and then
withdrew from the accident site due to the limitations of its underwater recovery

ability, and the termination of a tentative contract with Asiana Airlines.

From 6 September until 8, the submarine rescue ship of the Navy recovered
three pieces of the aircraft skin located by saturation divers at the site. The
portion of the wreckage where flight recorders were installed was recovered, but

their rack was gone.

From 27 September until 30 October, the Korean salvage company conducted

a recovery operation by using divers and one-boat trawling.

On 29 October, the cockpit was recovered with its upper portion severely

compressed, and the bodies of two pilots inside.

During this period, most of the aircraft skin (about 25% of the whole skin
and about 10% of the cargo) was recovered by using one-boat trawling. Divers
tried to fasten and lift the wreckage presumed to be the rear fuselage, using a

large crane but to no avail because it was buried deep in the mud.

The recovered items were moved onto a barge where ARAIB investigators,
Asiana Airlines engineers, and Boeing experts assigned a tag number to each
item and photographed it for identification, and conducted on-scene investigation.
On 2 November, they were moved to a wreckage storage facility near Incheon

airport for detailed investigation, then a joint ROK-US investigation4?) was
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conducted at the facility.

From November 2011 wuntil March 2012, the recovery operation was

temporarily suspended due to fast currents and strong winds at the accident site.

From 18 April 2012 to 25, a patrol boat affiliated with the former Ministry
of Land, Transport and Maritime Affairs, and the Navy resumed search
operations to check the movement of the underwater wreckage and pinpoint their
exact locations at the accident site, and as a result, added new wreckage

coordinates.

From 10 May until 10 June, a private salvage company43) using a pair
trawling method recovered 3,421 pieces of the wreckage (about 15% of the
aircraft skin and about 5% of the cargo), and the joint ROK-US investigation
team determined that a total amount of the recovered wreckage was about 40%

of the aircraft skin and about 15% of the cargo.

The ARAIB investigators and Asiana Airlines engineers identified the
recovered wreckage and conducted an on-scene investigation. On 18 June, the
wreckage was moved to the wreckage storage facility near Incheon Airport, and

the second joint ROK-US wreckage investigation44) was carried out.

1.12.3 Wreckage Examination

From 1 August 2012 until 8 September 2012, under the supervision of the
ARAIB investigators, investigators from the NTSB, the FAA, and the Boeing
Company and engineers from Asiana Airlines examined the initial floating debris

recovered by the Coast Guard at a temporary storage facility in Jeju Airport.

42) Investigators from the ARAIB, NTSB, FAA, and Boeing Company, and engineers from Asiana Airlines.

43) A company with experience in dealing with the Air Force aircraft marine accidents in Korea, and in
searching and recovering underwater wreckage.

44) Investigators from the ARAIB, NTSB, FAA, and Boeing Company, and engineers from Asiana Airlines.
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They identified the debris, and assessed its impact damage, the level of direct

fire damage and sooting, etc.

The ARAIB collected samples from the wreckage with severe fire damage
and sent them to the National Forensic Service for analysis. The analysis result

indicated that there is no possibility of a fire caused by explosives.

On 2 November 2011, the floating debris in Jeju Airport and the initially
recovered wreckage were moved to the Incheon wreckage storage facility, and
until 20 December, the ARAIB investigators and Asiana Airlines engineers
conducted the following tasks: identifying wreckage; documenting the location of
wreckage on the aircraft; assessing the level of fire damage and sooting of
wreckage; classifying cargo shipments and assessing their fire damage; and

photographing small pieces of unidentified wreckage.

From 5 January 2012 until 20 January 2012, at the Incheon wreckage storage
facility, the first joint ROK-US investigation*3) was conducted in such areas as

fuselage/structure, fire, cockpit, and cargo.

The Fire Group conducted a detailed investigation into fire damage for each
aircraft location and prepared the first fire map. The Cockpit Group examined
the current positions of switches in the cockpit under the microscope. The Cargo
Group investigated the overall status of cargo shipments such as whether a fire
occurred to them, their pre-accident loading positions, etc. The Fuselage/Structure
Group checked the detailed locations of the recovered wreckage against the
fuselage diagram and closely examined fire damage and the damaged wreckage.

Also, the Group prepared the wreckage map and tagged46) the wreckage.

45) Investigators from the ARAIB, NTSB, FAA, and Boeing Company, and engineers from Asiana Airlines.

46) Tag Numbers: 1 - 173 (initial floating debris); 201 - 225 (wreckage recovered by the Japanese salvage
company); 504 - 511 (wreckage recovered by the Navy); 1001 - 1153 (wreckage recovered by the
Korean salvage company); and 2000 - 3999 (wreckage tagged by the US investigation team).



Factual Information Aircraft Accident Report

From 28 July 2012 until 3 August 2012, at the Incheon wreckage storage
facility, the second joint ROK-US investigation was conducted into all the
wreckage including one recovered additionally during May and June in 2012. As

a result, the wreckage map was prepared as shown in [Figure 15].
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[Figure 15] Wreckage Map

Out of all the wreckage, large pieces or those carrying significant implications

for the accident investigation were mostly examined and tagged.

As shown in [Figure 16] and [Figure 17], the wreckage items were positioned
in relative close proximity to one another in the yard of the Incheon wreckage
storage facility in accordance with the level of fire damage, and their levels of

damage and trace of fire were examined and documented.
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[Figure 16] Severely Fire Damaged Aft Fuselage Structure

Portion of SEC41 Nose RH Side RH Side Crown Direction
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[Figure 17] Fuselage Items with Less Severe Fire Damage

The upper section of the cockpit was extensively pressure formed by direct
impact of water, which caused the throttle quadrant, switches, and many levers

to sustain mechanical damage.

Cockpit instruments and switches were removed and examined to check their
indications and operating states at the time of impact. Light bulb filaments of
annunciator lights were examined under magnification to see whether the lights

were in operation.
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[Figure 18] Cockpit (Throttle Quadrant, Fuel Cutoff Switches, & Others)

As shown in [Figure 18], fuel cutoff switches No. 1 and 2 were in the ON
position, whereas No. 3 and 4 in the OFF position, but under magnification, it
was confirmed that No. 3 and 4 moved to the OFF position due to impact

forces.

Light bulb filaments of annunciator lights removed from the cockpit were
examined to see whether the lights were in operation. As a result, some
annunciator lights with deformed filaments were identified, but it was confirmed
that they were not directly related to the accident, and no anomaly was found

during the cockpit wreckage examination.

The details of the cockpit wreckage examination can be found in Appendix 6.

As shown in [Figure 19], the cockpit smoke evacuation shutter was found

closed, but a well defined soot trail was discovered on the exterior skin of the

shutter in the rear fuselage direction.
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[Figure 19] Sooting on the Exterior Skin of Cockpit Smoke Evacuation Shutter

Out of the recovered wreckage, sections between fuselage station4?) (hereafter
referred to as FS) 1700 and FS2400 contained direct fire damage. Yet upper
fuselage skins and frames forward of FS1700 were also found to be partly

sooted, and some of their plastic material was deformed by heat.

The right wing tip was separated from the wing between wing station
(hereafter referred to as WS) 1500 and WS1550. The upper portion of the right
wing tip contained compressive buckling tearing, whereas the lower portion

exhibited tension failure.

As shown in [Figure 20], blue photo-resist was found on the top surface of
the right wing. The top surface of the wing contained multiple black waffle-like
markings caused by collisions with electronic components containers#®) loaded in
position MR, and about 120 electronic components with a diameter of 5 mm, a
thickness of 1.2 mm, and a weight of 0.3 g were imbedded in the composite

wing upper surfaces.

47) Fuselage stations are numbered in inches from a reference point or the reference datum that is a
vertical plane from which measurements fore and aft can be made. The reference point is located 90
inches ahead of the nose of the aircraft, which is FSO. Accordingly, FS1700 is located 1,610 inches
from the nose.

48) Black partition boxes in which electronic components are kept.
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[Figure 20] Damaged Right Wing Tip

The forward facing surface of the fuel jettison tube as well as the inside
surface of a skin fragment in the right wing fracture at WS1516 also contained
black waffle-like markings. No indications of hydro forming were found on the

top and bottom surface of the wing.

Blue photo-resist was found on the surface of the right inboard spoiler No. 7,
and the main deck cargo floor and the upper portion of the left main deck

cargo door also exhibited a large quantity of blue and red photo-resist stains.

As shown in [Figure 21], the left and right winglets#9) were separated from
the wings, and their fracture areas sustained damage consistent with overspeed.
Blue photo-resist was discovered inside the right winglet fracture area, but no
black waffle-like markings or blue photo-resist stains were found on the right
winglet, the surface of which was relatively in good condition, with no damage

by electronic components.

49) A winglet attached to the wing tip in an upward angle of 60 degrees raises the aerodynamic efficiency
of the wings.
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[Figure 21] Winglets

As shown in [Figure 22], the flight control pulley at FS775 showed sooting
and discoloration but did not exhibit thermal damage, and the flight control

cables attached to the pulley exhibited rust.

[Figure 22] Control Cables

As shown in [Figure 23], the LH lower wing skin measuring approximately
40 ft by 8 ft was recovered. It includes portions of two center wing skin panels
and three outer wing panels. The skin section spans stringer positions 10 through
23 (from the midspar forward to the front spar), but not all of the stringers

remain attached.
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[Figure 23] LH Lower Wing Skin

Stringer 15

As shown in [Figure 24], a forward section of the nose cargo door was
separated from the fuselage at FS 160/180, and the radome was missing. The
skin demonstrated compressive buckling 360 degrees along the leading edge. The
forward pressure bulkhead was hydro formed. Upper portions of both sides of

the door, including the hinges, were recovered with the cockpit section.

[Figure 24] Forward Cargo Door
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As shown in [Figure 25], the flight data recorder rack was separated from the
mount aft of the upper portion of the L5 door. The upper portion of the frame
was thermally damaged, and its interior surface was heavily sooted. The paint of

the exterior skin was partially discolored by inner heat.

[Figure 25] Exterior (Left) & Interior (Right) Sides of L5 Door

Portions of the wreckage in the region between FS1740 and FS2360 contained
direct thermal damage on the exterior skin as evidenced by melting of internal
metal structure and discoloration of the exterior paint. As shown in [Figure 26],
the skin panel that extended from FS2180 and FS2360 sustained severe thermal
damage as evidenced by twisted and melted stringers and ribs, holes on the
surface, and paint discoloration on the exterior of the skin. The skin panel also

contained areas which were burned through.
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[Figure 26] Fire Damage to the Skin Between FS2180 & FS2360

As shown in [Figure 27], the inner insulation materials of the main deck
cargo door aft of the left fuselage were burned. Some cargo items were melted
and stuck to the upper side of the door hinge, but the aircraft's surface touching

the melted cargo items did not exhibit fire damage.

The latch-lock mechanism of the main deck cargo door was in a closed

position, and the paint of the exterior skin turned yellow by heat.

Burned Cargo Items

Latch-Lock Mechanism
for the Main Deck
Cargo Door

[Figure 27] Interior (Left) & Exterior (Right) Sides of Main Deck Cargo Door
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As shown in [Figure 28], approximately 80% of the aft pressure bulkhead
(APB) at FS2360 was recovered broken into six major pieces. Portions of the
wreckage sustained fire damage consisting of sooting, and some fragments of the
skin remained after fire. Almost the entire RH side of the bulkhead is accounted

for, whereas part of the LH side disappeared.

Radial
Stiffeners

RH Side LH Side | -

.
.
.
.
.

6 o'clock

[Figure 28] Aft Pressure Bulkhead

There is an outboard portion of the LH bulkhead from approximately fuselage
stringer S-14L to S-24L missing as well as a smaller outboard LH section from
approximately S-1L to S-8L. Fracture surfaces of the bulkhead web are a

combination of web tension failures and shear failures.
Some of the radial stiffener fracture surfaces exhibit signs of pure tension

failure while others are from bending. Most of the recovered APB pieces

roughly maintain their original form with the exception of tears and punctures.
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As shown in [Figure 29], the section 48 of the aft fuselage contained no
internal sooting or fire damage but did have external soot accumulation on the
underside of the left and right skin panels. Most of the damage appeared to

have been caused by impact forces during the crash into the sea.

[Figure 29] Section 48 of the Aft Fuselage

As shown in [Figure 30], the No. 3 pylon includes the majority of the
structure from the rear engine mount bulkhead forward to the forward engine
mount bulkhead. The pylon also includes remnants of bleed air ducting, fuel
lines, wire bundles and other systems but did not exhibit fire or abnormal

damage.
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[Figure 30] No. 3 Pylon

Forward
Engine Mount

The rear engine mount bulkhead is separated into two pieces, top and bottom,

at the production join. The upper portion of the bulkhead remains attached to

the upper spar and is bent forward about the upper spar join at approximately a

45 degree angle.

The RH skin forward of the rear engine mount bulkhead is detached from

the pylon and deformed inward into the pylon almost to the horizontal position.

The LH skin remains attached to the spars. No signs of fire were noted on any

of the pylon structure.

As shown in [Figure 31], the left horizontal stabilizer was separated from the

empennage. The remaining skin fragments along the upper and lower fracture

areas were bent upwards and demonstrated compressive buckling tearing.
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[Figure 31] Left Horizontal Stabilizer

The honeycomb panels along the trailing edge of both the top and bottom
surface of the stabilizer were slightly hydro formed, and honeycomb panels along
the bottom side were intact, whereas four panels along the top side were not

present.

The inboard elevator was separated from the stabilizer just aft of the hinge,
and the trailing edge of the outboard elevator was damaged. The outboard tip of
the stabilizer was fractured at Station 510 and was recovered separately from the

stabilizer.

As shown in [Figure 32], the nose landing gear was recovered relatively

intact and contained no fire damage.
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[Figure 32] Nose Landing Gear

1.13 Medical and Pathological Information

On 29 October 2010, about 11:00, the bodies of the pilots were recovered at
the accident site. On 30 October 2010, about 11:30, professors of the medical
school performed an autopsy on the bodies, whose results showed that the cause
of death was blunt force injuries due to a plane crash, and toxicology reports

indicated no meaningful results.
1.14 Fire

Portions of the aircraft wreckage contained fire damage including sooting. The
wreckage has sustained severe damage from FS1700 to the APB, and sooting
trails caused by smoke were also found on the exterior of the flight deck's skin.

For the examination of the wreckage, a numbering convention was used to
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grade the level of fire damage sustained. This convention is as follows:

Level 0: No evidence of sooting or thermal damage

Level 1: Soot evidence

Level 2: Minor charring and/or paint discoloration from heat
Level 3: Heavy charring and/or incipient melting

Level 4: Melted/consumed

1.14.1 Fire Damage of the Airframe

1.14.1.1 Wreckage Between FS1700 and APB

The wreckage between FS1700 and APB sustained the most severe fire
damage. Detailed thermal damage maps were generated for these portions of the
aircraft. These portions were mostly between the aft main deck cargo door and
the LS door as shown in [Figure 33]. This area can be characterized overall as
having been exposed to high temperatures as evidenced by severe thermal
damage on the interior structure and discoloration of the paint on the exterior of

the aircraft's skin.
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[Figure 33] Fuselage Frame Thermal Damage Map of the Wreckage Between
FS1700 & APB

1.14.1.2 Wreckage Forward of FS1700 and Aft of APB

The wreckage forward of FS1700 was generally sooted with areas of more
severe damage along the upper areas of the aircraft's attic space and crown30),
Evidence of sooting was found all the way forward in the main deck cargo

compartment on the bottom face of the ceiling liners under the flight deck.

The APB sustained thermal damage originating on the side facing the interior
of the main deck cargo compartment. The heavy damage was on the upper
section of the bulkhead, with damage also seen on the bottom portion near the

APU duct.

50) Crown is the area above seats in the pressurized crew rest section and the ceiling in the cargo
compartment.




Factual Information Aircraft Accident Report

The thermal damage map of the APB facing the main deck cargo

compartment is shown in [Figure 34], and the colourless portions of the map

indicate the wreckage unrecovered.

Portions of the wreckage aft of the APB including the pressure bulkhead
facing rear fuselage did not have the evidence of fire damage, but on the
exterior of the skin panels on the right and left side of the wreckage aft of the

APB were soot trails caused by smoke exiting the outflow valves.

’ Blue: Level 1, Green: Level 2, Yellow: Level 3

Bottom

[Figure 34] APB Thermal Damage Map
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1.14.1.3 Small Miscellaneous Portions of Wreckage

Many pieces of the wreckage of yet undetermined location within the aircraft
were also examined for fire damage. These pieces had a range of damage levels

from no fire damage to severe melting.

1.14.1.4 Cargo Control Panels

The main deck cargo control panel from FS510 on the RH side and the nose

door control panel showed evidence of sooting.

1.14.1.5 Riser Ducts

Four out of the six riser ducts’) on AAR991 were recovered. As shown in
[Figure 35], all three left riser ducts sustained fire damage which was
consistently more severe along the upper glass fiber portions and tapered off
towards the bottom. The fire damaged sections were burned such that the resin
was consumed leaving only the cloth portion. The remainder of the ducts were
undamaged except for sooting on the exterior section. The left forward most
riser duct is of significance as it supplies all of the fresh air to the upper deck

during a main deck fire.

One of the right riser ducts was recovered, with the upper glass fiber

portions separated, and its fire damage was consistent with that of the left ones.

51) Ducts through which conditioned air from the air conditioning system flows to the ceiling of the
aircraft, located between FS800 - 1000.
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[Figure 35] Riser Ducts

1.14.1.6 Forward Main Cargo Deck Ceiling Panels

As shown in [Figure 36], portions of the ceiling panels belonging to the area
under the flight deck had a layer of soot adhering to the surface. Ceiling panels

aft of FS360 were also sooted and had a darker appearance.

[Figure 36] Panels Near (Left) & Aft (Right) of FS360

1.14.1.7 Upper Deck Interior Panel

As shown in [Figure 37], the upper deck interior panel, part of the lavatory
module wall where emergency equipment is installed, exhibited soot

accumulation.
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[Figure 37] Upper Deck Interior Panel with the Area of Sooting

1.14.2 Cargo Fire

The cargo configuration of the main deck and lower cargo compartments on
AAR991 can be found in [Figure 5]. The main deck cargo compartment was
loaded with pallets and one ULD container (at position LL) which was
recovered. No evidence of fire damage was found on the inside of the ULD as

shown in [Figure 38], but the outside of it was heavily covered in soot.

[Figure 38] Inside (Left) & Outside (Right) of the ULD Container

Films that had been loaded in ULD position MR were recovered with burnt

and blackened traces.
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There was no fire damage or sooting in the container wreckage located at
44L and 43L of the lower cargo compartment. Edge rails of cargo pallets were
found separated from the pallets, and their levels of fire damage are shown in
[Table 8], and the serial number of a certain rail could be confirmed as shown

in [Figure 39].

Location Levels of Fire Damage
LR No evidence of fire
ML Evidence of burning and sooting

Evidence of sooting and blue dye splatters
PR Cargo net with two strands burnt, the one end with blue
dye splatters, the other end with red dye splatters

SL Evidence of sooting and slight melting

SR Evidence of'sooting and slight melting, some portions with
severe corrosion

12P No evidence of sooting

22P No evidence of sooting

Out of 20 pallets, one pallet and six edge rails were
41P recovered with no fire damage

[Table 8] Fire Damage Levels of Edge Rails

[Figure 39] Pallet Edge Rail
Some portions of films loaded at position LL and fabrics loaded at positions

CL, 21P, 23P, and 32P were recovered. Films and fabrics showed the evidence

of burning and sooting, and burning, respectively. Besides, round-edged rectangle



Factual Information Aircraft Accident Report

plastic objects with fire damage, roll films in various sizes, and IC chips of yet

undetermined location were recovered.

Recovered debris from the cargoes loaded at positions 11P, 12P, 22P, 31P,
32P, CR, DL, DR, EL, ER, FL, FR, GL, GR, HR, JR, KR, and LL included
communications equipment, electronic parts, various reel tapes, computers and

their parts, and plastic packaging, but all had no traces of fire damage.

1.14.3 Thermal Damage Map of the Entire Fuselage

Apart from the thermal damage map of the wreckage between FS1700 and
APB in [Figure 33], two thermal damage maps at the airplane level - one for
the fuselage skin and the other for the fuselage frames - were generated as

shown in [Figure 40] and [Figure 41].

Portions of the wreckage forward of FS1700 generally have fire damage
consisting of sooting with areas of more severe damage along the upper areas of

the aircraft's attic space and crown.
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[Figure 40] Thermal Damage Map - Fuselage Frames
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[Figure 41] Thermal Damage Map - Fuselage Skin

As shown in [Figure 42], among the farthest forward wreckage (FS480 -
700), sooting was found on the fuselage frame at FS500 on the LH side in the
area of the main deck cargo compartment. As shown in [Figure 43], sooting was

also found on the upper deck floor beams as far forward as FS520.

[Figure 42] Fuselage Frame at FS500 on LH Side in the Main Deck Cargo

Compartment
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[Figure 43] Upper Deck Floor Beam at FS520

The farthest forward evidence of thermal heat damage which caused paint
discoloration was found on a crown fuselage frame at FS580 on the LH side.

This damage is located at a stringer 6.

[Figure 44] Farthest Forward Evidence of Thermal Damage at FS580
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1.15 Survival Aspects

1.15.1 Search and Rescue

On 28 July 2011, at 03:59:09, ICN ACC received the information from FUK
ACC that "AAR991 declared an emergency and requested diversion to Jeju
Airport" and then notified JEJ APP of the situation at 04:01.

At 04:03:01, on the radar screen at ICN ACC were displayed a squawk code
7700 informing an emergency and the CST52) code word, and at 04:03, on the
radar screen at JEJ APP was displayed a squawk code 7700.

At 04:03:57, ICN ACC received the notification of a cargo fire from KAL886
operating near AAR991.

At 04:10, JEJ APP was notified of the loss of aircraft control and impending

emergency descent and ditching by AAR991.

At 04:11:05, the Master Control Report Center (MCRC) of the ROK Air
Force declared AAR991 as the flight track of interest, and at 04:12:00,
AAR991's track disappeared from the radar screen about 130 km west of Jeju
Island.

About 04:12, AAR991's track disappeared from the radar screen of JEJ APP.
Jeju Airport prepared for the aircraft's emergency landing, with fire engines

ready.

At 04:12:49, ICN ACC inquired of the MCRC about the display of the flight

track but was notified that there was no relevant data. Accordingly, at 04:13:00,

52) "CST" appears in the data block when an aircraft's reply to the radar site is not received.
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ICN ACC notified the MCRC that AAR991's track disappeared from the radar
screen. About 05:08, the MCRC dispatched one patrol aircraft53) at Gimhae

International Airport which is located closest to the accident site.

At 04:15, ICN ACC also inquired of the Coast Guard as to whether distress
signal of the ELT was received but confirmed that it was not. The Coast Guard
requested by ICN ACC to conduct search and rescue operations at 04:21:00
dispatched two helicopters, which were affili