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Within 15 minutes of receiving indica-
tions of a fire on the main cargo deck 
the night of July 28, 2011, the flight 
crew of an Asiana Airlines Boeing 

747-400 freighter found that they could neither 
reach a nearby airport nor conduct a controlled 
ditching in the Yellow Sea below.

The fire had begun in or near pallets con-
taining dangerous goods — including highly 
flammable liquids and lithium batteries — and 
had touched off explosions that breached the 
fuselage and sprayed the right wing with debris. 
Smoke filled the cockpit, and heat destroyed 

vital flight control components in the aft section 
of the freighter.

The pilots eventually found themselves 
unable to control the trajectory of the aircraft, 
which struck the water 130 km (70 nm) west of 
Jeju Island, South Korea.

Only small portions of the wreckage and 
cargo were retrieved from the sand and mud at 
the bottom of the sea during a search spanning 
two years. Among the items that eluded searchers 
were the flight data and cockpit voice recorders.

“No physical evidence of the cause of the fire 
was found,” said the Republic of Korea’s Aircraft 
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and Railway Accident Investigation Board 
(ARAIB) in the English translation of its final 
accident report, published in July 2015.

In the report, the ARAIB concluded that “a 
fire [erupted] on or near the pallets containing 
dangerous goods [and] rapidly escalated into a 
large uncontained fire [that] caused some por-
tions of the fuselage to separate from the aircraft 
in midair, thereby resulting in the crash.”

Dangerous Goods
The 747 was being operated by Asiana Air-
lines as scheduled cargo flight AAR991 from 
Incheon, South Korea, to Singapore. Acquired 
new by the airline in 2006, the aircraft had ac-
cumulated 28,752 flight hours and 4,799 cycles.

Among the cargo pallets, or unit load devices 
(ULDs), loaded aboard the freighter for the flight 
to Singapore were three containing dangerous 
goods. These pallets were loaded on the main 
cargo deck adjacent to the main cargo door.

The dangerous goods included: 244 kg (538 
lb) of 6-cell and 12-cell lithium-ion batteries 
intended for use in hybrid motor vehicles; 957 L 
(253 gal) of Photo-Resist, flammable liquids used 
in the production of integrated circuits and liquid 
crystal displays; one 5-L (1-gal) container of a cor-
rosive polyamines solution used as an anti-static 
agent; 12 L (3 gal) of paint used to moisture-proof 
mobile phones; and 0.2 L (0.2 qt) of lacquer, a 
flammable liquid used for seal inspection.

Investigators determined that the dangerous 
goods had been stored, handled and loaded in 
accordance with existing regulations. (However, 
the investigation resulted in recommendations 
for improvement.)

AAR991 Flight Crew
Both pilots assigned to AAR991 had served in 
the South Korean air force before being hired 
by the airline. The captain, 52, joined Asiana 
Airlines in 1991. He served as a 737 and 747-400 
first officer before upgrading as a 737 captain in 
1996 and as a 747-400 captain in 2001. He had 
14,123 flight hours, including 6,896 flight hours 
in 747s, with 5,666 flight hours as pilot-in- 
command in type.

“His colleagues stated that the captain was 
active and very considerate of others’ feelings,” 
the report said. “His medical record shows that 
he had no special medical history or hospi-
talization record, and that he had no health 
problem which could have affected his flight 
performance.”

The first officer, 43, joined the airline in 
2007. He flew as a 767 first officer until upgrad-
ing to first officer on the 747 in November 2010. 
He had 5,211 flight hours, including 492 flight 
hours in type.

“His family and colleagues stated that the 
first officer was a family man … with a strong 
sense of responsibility,” the report said. “His 
medical record shows that he had never had 
special medical history or a hospitalization 
record since hired.”

Emergency Descent
The aircraft departed from Incheon at 0304 
local time and was routed by air traffic control 
(ATC) southwest along the west coast of Korea. 
Weather conditions generally were clear, with no 
turbulence.

The flight progressed without incident until 
0354, when the crew received an engine indicat-
ing and crew alerting system (EICAS) message 
indicating that a fire had been detected on the 
main cargo deck. The aircraft was over the Yel-
low Sea at this time.

“As the captain in a B747 freighter’s cock-
pit could not accurately check the size and the 
condition of a cargo fire … it may have been 
difficult for him to determine whether the fire 
could be suppressed and how serious it was,” the 
report said.

At the time, the aircraft was cruising at 34,000 
ft on a heading of 202 degrees. The first officer 
reported the fire to Shanghai Area Control Cen-
ter (ACC), declared an emergency and requested 
clearance for an immediate descent to 10,000 ft. 
The controller approved the request.

Shortly thereafter, the first officer advised 
that they were diverting the flight to Jeju Inter-
national Airport, a designated en route alternate 
airport located on an island south of Korea. The ©

 D
an

ie
l A

la
er

ts
|A

irT
ea

m
Im

ag
es



Fu
ku

ok
a 

fli
gh

t

in
fo

rm
at

io
n 

re
gi

on

Sh
an

gh
ai

 fl
ig

ht
 in

fo
rm

at
io

n 
re

gi
on

In
ch

eo
n 

fli
gh

t

in
fo

rm
at

io
n 

re
gi

on

In
ch

eo
n 

fli
gh

t i
nf

or
m

at
io

n 
re

gi
on

MALPA

RINBO

KWA

PDAS

CJU

MIRAT

SADLI
LAMEN

AKARA

DUMET

Incheon International AirportIncheon International Airport

Jeju International 
Airport
Jeju International 
Airport

Declared emergency
03:54:23

Accident site
04:10:59  4,000 ft

Shanghai Pudong 
International Airport

Shanghai Pudong 
International Airport

Actual route of flight
Planned route

China

South Korea
Y e

l l
o w

 S
e a

18 |18 | FLIGHT SAFETY FOUNDATION  |  AEROSAFETYWORLD  |  DECEMBER 2015–JANUARY 2016

COVERSTORY

aircraft was about 231 km (125 nm) southwest 
of the airport at the time. The Shanghai control-
ler told the crew that they could turn at their 
discretion.

A recording of ATC radio communications 
indicated that the crew had donned their oxygen 
masks, and messages automatically transmitted 
by the aircraft communications addressing and 
reporting system (ACARS) indicated that the 
captain had disengaged the autopilot and was 
flying the aircraft manually.

Checklist Confusion
The report said that the pilots likely conducted 
various quick reference handbook (QRH) proce-
dures in response to numerous EICAS messages 
related to the rapidly spreading fire.

Among the QRH procedures the crew likely 
conducted were those on the “Fire Main Deck” 
checklist. It is important to note that the QRH 
available to the pilots contained separate check-
lists for the passenger, combined passenger/

cargo (combi) and 
freighter versions of 
the 747-400, all of 
which were in service 
with Asiana.

Differentiation 
among checklists with 
the same title was 
achieved by showing 
the registration num-
bers of the aircraft 
in Asiana’s fleet for 
which the checklist 
was applicable.

Thus, the QRH 
available to the pilots 
contained “Fire Main 
Deck” checklists for 
both the 747-400 
combi and freighter 
(the passenger ver-
sion does not have 
a main cargo deck). 
The report said there 
were indications 

that the AAR991 crew inadvertently selected 
the “Fire Main Deck” checklist for the combi 
aircraft, not noticing that it did not show their 
aircraft’s registration number (HL7604). The 
combi checklist precedes the freighter checklist 
in the QRH’s sequence of pages.

The report said that among the differences 
between the checklists was that the one for the 
combi — which, unlike the freighter, does not 
have a cargo compartment classified as a Class 
E compartment — did not include the require-
ment on the freighter checklist to “expedite a 
climb or descent to 25,000 ft when conditions 
and terrain allow.”1

The report said that Boeing chose 25,000 
ft for the freighter because the ambient pres-
sure and oxygen concentration at that altitude 
are optimal for suppressing a fire in a Class E 
cargo compartment. Going to a lower alti-
tude increases ambient pressure and oxygen 
concentration to levels less conducive to fire 
suppression.

The flight crew 

lost control of the 

crippled aircraft 

while attempting 

to divert to Jeju 

International Airport.
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Another difference between the 
checklists is that the step requiring 
depressurization of the cabin, a key ele-
ment in suppressing a main cargo deck 
fire, appears later in the combi checklist 
than on the freighter checklist.

Investigators determined that, by 
using the combi checklist rather than 
the freighter checklist, the crew’s action 
to depressurize the cabin might have 
been delayed by about two minutes.

“AAR991’s late action to suppress 
fire (depressurization) and loss of op-
portunity to suppress fire at 25,000 ft 
likely contributed to the spread of fire, 
based on the theory that the minimum 
re-ignition energy varies inversely with 
the square of pressure,” the report said.

Although these points reveal im-
portant lessons in the design and use 
of checklists, they may have been moot 
to the situation facing the AAR991 
crew. Investigators determined that if 
the pilots had conducted the appropri-
ate “Fire Main Deck” checklist, the fire 
might not have been fully suppressed 
by the time they needed to begin their 
descent to Jeju.

“Judging from the size and condi-
tion of AAR991’s fire, there is a pos-
sibility that … an increase in oxygen 
during the descent [might have] 
resulted in the spread of fire, [and] the 
outcome of this accident would not 
have changed,” the report said.

Communication Problems
The Shanghai ACC controller lost radio 
contact with AAR991 at 0358, as the 
aircraft was descending rapidly through 
19,000 ft and continuing its turn toward 
Jeju Island. The 747 had descended 
below Shanghai’s radio-coverage area.

The controller asked the flight crew 
of a nearby Korean Airlines (KAL) air-
craft to relay information to the Asiana 
pilots. The KAL crew established radio 

communication with the 747 crew and 
subsequently relayed to the Shanghai 
controller their request for a radar vec-
tor to the Jeju airport. A heading of 045 
degrees was handed off in this manner 
at 0359.

The report said that numerous 
ACARS messages concerning mechani-
cal issues related to the fire were trans-
mitted during this time. However, the 
messages ceased at 0400, likely because 
the ACARS management unit had 
been damaged by the fire or the crew, 
attempting to re-establish radio contact 
with the Shanghai ACC, had selected 
the very-high-frequency channel used 
for ACARS transmissions.

About the time the ACARS messag-
es ceased, the KAL crew relayed an in-
struction from the Shanghai controller 
to change to a radio frequency for the 
Incheon ACC. However, the 747 first 
officer advised that they were unable 
to establish communication on that 
frequency. A different radio frequency, 
for the Fukuoka ACC, then was relayed 
to AAR991.

The first officer’s attempts to 
establish radio communication with 
Fukuoka were unsuccessful. The Shang-
hai controller then asked the KAL crew 
to relay information between AAR991 
and both the Shanghai and Incheon 
ACCs. (There was no direct telephone 
line between the centers.)

Contact Lost, Control Lost
Radar data recorded at 0401 showed 
that the 747 was at 8,200 ft and on a 
heading of 033 degrees. The aircraft 
then began to climb to 10,300 ft and 
continued to deviate left of the previ-
ously assigned heading of 045 degrees.

“After this, AAR991’s altitude, 
ground speed and heading changed 
inconsistently,” the report said, not-
ing that the deviations likely were due 

to smoke in the cockpit and degraded 
flight control.

The aircraft was about 204 km (110 
nm) southwest of Jeju at 0405 when 
instructions by the Incheon ACC to 
maintain a heading of 060 degrees and 
to descend to 7,000 ft were relayed to 
the Asiana crew. The captain of the 747 
partially acknowledged the instruc-
tions, saying, “descend 7,000 feet.”

At 0406, the captain radioed that 
“rudder control is not working” and 
advised that the rudder seemed to be 
jammed. Shortly thereafter, he said, 
“We have to open the hatch.” According 
to the report, this transmission referred 
to the cockpit smoke shutter (vent).

‘Going to Ditch’
Although the 747 was getting close to 
the Jeju airport, the smoke building in 
the cockpit, and the continuing systems 
failures and flight control difficulties 
related to the rapidly spreading fire 
apparently led the crew to consider the 
possibility that they would have to ditch 
the aircraft.

The report said that the crew might 
have been able to successfully ditch 
the aircraft if they had started as soon 
as the fire was detected. At this point, 
however, they did not have sufficient 
control of the 747 to effect a ditching.

Portions of aft fuselage frames that 
later were retrieved showed severe ther-
mal damage. “Although flight control 
components that ran along the crown 
area in the aft section of the aircraft 
were not retrieved, they [too] likely 
sustained severe thermal damage,” the 
report said.

The report noted that the 747 
QRH states: “It must be stressed that 
for smoke that continues or a fire 
that cannot be positively confirmed 
to be completely extinguished, the 
earliest possible descent, landing 
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and evacuation must be done. … In a severe 
situation, the flight crew should consider an 
overweight landing, a tailwind landing, an off-
airport landing, or a ditching.”

At 0409, the KAL crew relayed an instruction 
from the Incheon ACC for the Asiana crew to 
change to a radio frequency that would put them 
in contact with the Jeju ACC. Shortly thereafter, 
the Asiana captain transmitted the following 
message on the new frequency: “Rudder control 
… flight control … all are not working.”

The first officer then asked Jeju ACC if they 
had heard the transmission, and the controller 
responded, “Yes, I can hear you.”

“We have heavy vibration on the airplane, 
may need to make an emergency landing, emer-
gency ditching,” the first officer said.

The Jeju controller replied, “Yes, say again, 
please.”

“Altitude control is not available due to 
heavy vibration,” the first officer said. “Going 
to ditch.” (The report said that the “heavy 
vibration” likely resulted from fuselage skin 
that sheared off due to the dangerous-goods 
explosions.)

At 0410, the controller asked the crew if they 
could conduct an approach to Jeju International, 
but there was no response. Subsequent attempts 
to hail the AAR991 pilots were unsuccessful. 
The aircraft was descending through 4,000 ft 
when ATC radar contact was lost.

Mud, Sand, Murk
The aircraft was in a rapid descent when it 
struck the sea at 0411. “Due to the crash im-
pact and fire, the captain and the first officer 
were fatally injured, the aircraft was destroyed, 
and the cargo shipments were damaged, inca-
pable of being recovered or washed away,” the 
report said.

Only a portion of the wreckage, including 
about 40 percent of the fuselage skin and 15 
percent of the cargo, was recovered from the sea 
floor, about 87 m (285 ft) below the surface of 
the Yellow Sea.

“The sea floor, generally flat, consisted of 
mud and sand about 60 cm [24 in] thick, but the 

currents flowed fast, at 2-4 m/sec [7-13 ft/sec], 
and the average visibility at the sea floor was just 
0.5 meters [1.6 ft],” the report said.

Areas of the main cargo deck near the 
dangerous-goods pallets had “shattered into 
many pieces due to dangerous goods’ explosive 
energy,” the report said. Residues of the flamma-
ble liquids and paint were found on the upper 
surface of the right wing, and small electronic 
devices packaged among the cargo were found 
embedded in composite wing structures.

The energy that caused this “was generated 
by fire-induced explosion of flammable materi-
als and lithium-ion batteries,” the report said. 
“The ARAIB assumes that a fire likely broke out 
first on or near the pallets containing the dan-
gerous goods, but physical evidence of the cause 
of the fire was not found.”

Changes Sought
The investigation revealed that Asiana Airlines’ 
747 flight simulator was configured as a pas-
senger aircraft, precluding adequate training for 
fighting a main cargo deck fire in a freighter. 
This finding led the ARAIB to recommend that 
the airline modify the simulator so that pilots 
can be “realistically trained” on abnormal proce-
dures for all versions of the 747 in its fleet.

Although an ACARS message indicated that 
the emergency locator transmitter (ELT) was 
activated, likely by the pilots, 10 minutes before 
the aircraft crashed, no ELT signal was received 
by ground or search and rescue personnel. The 
report noted that “the ELT installed on AAR991 
is inoperable in the water.”

The ARAIB concluded that “current ELTs 
installed on aircraft flying over maritime areas 
need to be improved to float to the surface and 
operate, be operable in the water or broadcast 
the GPS [global positioning system] location so 
that the location of missing pilots and airplanes 
can be rapidly and accurately identified.”

The board also recommended that the regula-
tions governing the transport of dangerous goods 
be revised to require that flammable goods and 
lithium batteries be carried “only in Class C cargo 
compartments equipped with a separate smoke 

‘Rudder control … 

flight conrol … all 

are not working.’
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detector or fire detection system and with an ap-
proved built-in fire extinguishing or suppression 
system controllable from the cockpit.”2

In addition, lithium batteries should be 
loaded only in ULDs containing no other dan-
gerous goods, the ARAIB said. The board noted 
that although the investigation attempted to, but 
did not, “acquire the data that could prove the 
self-ignition possibility of lithium-ion batteries 
in normal conditions of transport,” it has been 
shown that “when they are heated externally, 
they can go into thermal runaway.” �

This article is based on the English translation of Republic 
of Korea Aircraft and Railway Accident Investigation 
Board Aircraft Accident Report ARAIB/AAR1105, “Crash 
Into the Sea After an In-Flight Fire, Asiana Airlines, 
Boeing 747-400F, HL7604, International Waters 130 km 
West of Jeju International Airport, 28 July 2011.” The 
report is available at <araib.go.kr>.

Notes

1. U.S. Federal Aviation Regulations (FARs) Part 25.857 
defines a Class E cargo compartment, in part, as one 
having a “separate approved smoke or fire detector 

system,” a “means to shut off ventilating airflow to, 
or within, the compartment” and “means to exclude 
hazardous quantities of smoke, flames or noxious 
gases from the flight crew compartment.”

2. FARs Part 25.847 defines a Class C cargo compart-
ment, in part, as one having a “separate approved 
smoke detector or fire detector system,” an “approved 
built-in fire extinguishing or suppression system 
controllable from the cockpit,” “means to exclude 
hazardous quantities of smoke, flames or extinguish-
ing agent from any compartment occupied by the 
crew or passengers,” and “means to control ventila-
tion and drafts within the compartment so that the 
extinguishing agent used can control any fire that 
may start within the compartment.”
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