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006
LESSONS LEARNED FROM THE
SQO006 ACCIDENT INVESTIGATION
IN SURVIVAL FACTOR ASPECTS

James Fang, Investigator
And
Peida Lin, Engineer

Aviation Safety Council,
Taiwan, Republic of China

Note: Due to the ongoing investigation of SQ006, this presentation
will be based on the factual information only. The final investigation
report will be published in April 2002.

Forward

This paper presents the factual information collected and reported by the
survivor factors group of the SQ006 investigation. Although only factual
information are presented here, it is our belief that valuable lessons to improve
aviation safety can be learned from these factual information.

Synopsis

On October 31, 2000, at 2317 Taipei local time, a Singapore Airlines (SIA)
Flight SQ006, Boeing 747-400 aircraft, took off from a partially and temporarily
closed runway at CKS Airport. The taxi route from Tower controller was:
“Singapore Six, taxi to Runway zero five left, via taxiway Sierra Sierra, West
Cross, and November Papa.’’ “The route was shown as Figure 1 below.
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Heavy rain and strong winds affected by northeast monsoon flow and typhoon
prevailed at the time of the accident. Typhoon was centered about 360
kilometers south of CKS Airport around the time of the accident. Maximum
wind speed of the storm was 36 knots gusting to 50 knots. The pressure of the
storm center was 965 hpa.

The aircraft was destroyed by its collision with construction equipments and

pits on Runway O5R, and by subsequent fire damage. Construction
equipments and pits were shown as Figure 2 below.

Post-Crash
Fuel Spillage after the impact
There were 140,000 Kilogram of take off Jet Al fuel for this TPE-LAX direct

flight. The fuel spilled from broken fuel tanks was ignited immediately after the
impact. The soot of fire burning on ground could be seen from Figure 3 below.
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Wreckage Distribution

The accident aircraft fuselage was severed into two parts at row 49, just at the
rear of the center wing tank box after the impact. Wreckage and debris
distribution were shown as Figure 4 and 5 below.

Fire & Smoke

The intense fuel tank leak fire engulfed the forward and mid section of
fuselage with the prevailing of gust wind and heavy rain. Smoke was found in
the main deck and upper deck cabin immediately after the impact. Fire was
under the control in 15 minutes and fully compressed in 40 minutes. The tail
section severed with the forward and mid section after the impact and stopped
at 150 feet away. There was a fireball rushing into the tail section cabinand a
small fire at the outer surface of tail area. The fire fighters put off the tail section
fire immediately.

A passenger in an aircraft of other airlines taxing along ataxiway at a distance
of 300 feet away took fire burning pictures of the forward and mid fuselage of
SQ006 about 30 seconds after the impact. The picture of burning was shown
in Figure 6 below.
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Injury Table

Injuries Flight Cabin Crew | Passengers | Other Total
crew
Fatal 0 4 79 0 83
Serious 0 4 35 0 39
Minor 1 9 22 0 32
None 2 0 23 0 25
Total 3 17 159 0 179

Injury Distribution

Injury / Fatality
Distribution

singapore Flight 006
747 - 400 Accident in Taipei, Taiwan
October 31st, 2000

Sl

Fuselage Separation

Fatal
Serions njury
Minor Injury

None Thiury



Post Crash Injury

Most of the survivors said they suffered from smoke inhalation during
evacuation.

The fatality rate of this accident was 46%. The serious injury rate was 22%.
The minor injury rate was 18%. The no injury rate was 14%

Sixty-four out of 76 passengers including 3 infants did not survive in the mid-
section of the main deck (row 31 to 48) due to fuel tank explosion and
subsequent intense fire.

Post-Crash damage and injury to Tail Section

The tail section, containing passenger seat Rows from 49 through 64, severed
from the main section at row 48.1t stopped 150 feet away from the forward and
mid section fuselage with a 90 degrees CCW roll to the left side fuselage.

All occupants survived in this tail section due to less fire damage. They
evacuated through the fracture opening. No abnormalities were found in
constraints of passengers’ seat belts, seats and floor tracks. Some tail section
overhead bin tie rods were found broken due to over stress of impact during
the accident.

Evacuation

After the aircraft came to a full stop, flight crew tried to initiate evacuation with
PA but PA was failed. No Alternate procedures of PA failure were used by the
crewmembers. During evacuation some cabin crew used affirmed and loud call
out to order evacuation.. Megaphone was not used in this particular accident
evacuation.
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By the time CM1 reached the upper deck exit areas, he noticed both UDL and
UDR exits were already opened. There was intense fire on starboard. CM1
evacuated by grabbing the half- burned slide and then jumping down to the
ground.

CM2 did not see the slide and decided to use the left upper deck door to
evacuate. Since no one took any action to evacuate, he decided to evacuate
first and shout to the people at the left upper deck door, “stay here, stay here, |
will jump first, | will jump first”. After jumped to the ground, he shouted to those
who were standing at the left upper deck door to start jumping. One by one the
passengers jumped out of the cabin.

CM3 left cockpit first and saw smoke and thick flying dust in the upper deck
cabin. He could only see 2-3 evacuating path lights ahead. He found the upper
deck left exit was already opened and there was an extensive fire outside. He
remembered there were several people including a cabin crewmember (male)
in front of the upper deck right side exit (UDR) trying to open the UDR exit.
Passengers were still staying in the upper deck cabin at that time. Initially, he
wanted to go to the main deck cabin, but the stairwell area was filled with
smoke. He then turned back and saw the left hand outside fire starting to
diminish and passengers jumping down through the UDL exit. CM 3 did not
see CM-1 at that time, but he saw a female cabin crew in shock near the left
side exit. The CM-3 instructed this cabin crewmember to jump out. After this
cabin crewmember, CM-3 climbed down the burned slide/raft from UDL exit.
CM-3 claimed that he was the last one to exit the aircraft. When on the ground,
he noticed that CM-2 was already there.

The upper deck galley cabin crewmember of the upper deck galley was facing
backward. Because the galley lamp couldn’t be dimmed due to malfunction of
the light switch, this crewmember could clearly see the items in the galley
bounced forward to him during impact. After the aircraft stopped, he did not
hear any evacuation instruction, he un-buckled his seat belt and shouted to the
passengers to un-buckle their seat belt. By that time, he felt there was hot air
from different directions and smoke surging upward from main deck. He
passed a towel to the main cabin 2R cabin crew who ran upstairs to dodge the
fire and smoke of the main deck. The upper deck galley cabin crew saw
several upper deck passengers running down the stairs and jumping out the
aircraft through 2L door. This upper deck galley cabin crew went downstairs as
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well and jumped out of that exit.

According to the interview of the survived upper deck passengers and cabin
crew, the Crew-In -Charge (CIC) went upstairs after the first impact. The CIC
did not contact with CM-1 or other flight crew and did not issue an evacuation
command. The CIC did not survived in this accident.

The 1L cabin crew said he did not receive any evacuation instruction after the
accident. After checking the outside conditions of the aircraft he opened the 1L
exit and pushed the slide/raft out of the aircraft. He heard an air leaking sound
of the 1L slide/raft. After considering the height of exit of 1.5 meters above
ground, noticing the smoke emanating from the backward of the cabin, he
directed 8 passengers (including 3 from business class) to evacuate from 1L
exit. Cabin visibility was about 1 meter. Fire and heavy smoke came in the
cabin intermittently. He mentioned that there was no passenger in sight. Under
such circumstances, he then evacuated from the 1L exit.

The 1R cabin crew monitored the conditions outside of 1R exit and saw
intense fire after the accident occurred. She did not open the 1R exit. She then
shouted to the passengers to unbuckle their seat belts. Together with the 1L
cabin crewmember, she directed the passengers to evacuate from 1L exit.

The 2L outboard cabin crew heard two big bang sounds from the right wing.
Her seat was facing backward. She saw fire burning in the mid section of
aircraft. Without receiving any evacuation instruction; she unbuckled her seat
belt and moved to the left forward aisle and ran upstairs to upper deck. This
cabin crew used a towel that was handed to her by UDG crew to cover her
nose and then returned to the main deck again and evacuated from 2L exit.

The 2R outboard crewmember saw flames entering the cabin from both sides
of the ventilation ducts of the sidewall. He went upstairs to avoid the fire. He
then returned to the main deck. He noticed there was intense fire on the right
side of the aircraft so he didn’t open the 2R door. He opened the 2L exit and
pushed the slide/raft out. He heard the slide/raft inflate, but soon heard the
leaking sound. He didn't hear any evacuation instruction, nor did he command
an evacuation. He opened that 2L exit door and evacuated from there.

Crewmembers seated at 3L and 3R did not survive in this accident.
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The tail section cabin crew and passengers all evacuated from the fractured
opening of the aircratft.

During observation of the SIA emergency training, it was found that the flight
crew played as passenger role in practicing the evacuation drill.

SIA’ s procedure required cabin crew to confirm other safety exits before
his/her redirection. Crew could not acquire other available exits information
when interphone and PA were failed.

One female cabin crew reported that her sandals were missing during
evacuation. The Safety Council noted that SIA had introduced new footwear
for female cabin crew. For takeoff and landing sandal are replaced with shoes,
which afford greater protection and grip now.

A piece of the lower part of the skirt that belonged to a cabin crew was found

stuck in the inlet of the 4R slide air blower.

Emergency Equipment

Doors and Slides were described as below:

Doors Status Opened By Slide Condition
Crew of
UDL Open UDR Deployed and burnt
UDR Open UDR Not found
1L Open 1L Partially deployed
1R Closed Minor burn damage, not
deployed
2L Open 2R (outboard Partially deployed
2R Destroyed by Not found
fire
3L Partially open Unknown Moderate burn damage, not
deployed
3R Destroyed by Not found
fire
4L Closed In package
4R Closed Uncommanded deployed in
cabin
5L Closed In package
5R Closed Uncommanded deployed in
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l cabin |

The dense smoke made breathing difficult to the survivors during the
evacuation. There were no regulations regarding the preparation of smoke
protection devices for passengers to usein emergency.

Most of survivors seated in tail section described that the emergency lights
were obscured or invisible during evacuation. ASC verified these emergency
lights were functional in a post accident examination. The 4R emergency lights
illuminated after the accident were shown as the figure 7 below.

The torchlight was located next to each of crewmember seat. There were one
flight crew and one cabin crew carried onboard torchlight during evacuation.
One flight crew used his personal torchlight.
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The lateral G forces associated with the accident produced an unexpected
self-inflation of the 4R and 5R slides in cabin. The respective cabin crew at the
door side was pinned on the wall by the slide inflated in cabin.

The L1, L2 and R4 slides were sent to manufacturer for inspection on February
15, 2001.A further examination of the damage of all the slides were inspected
on November 09,2001 at the slide storage container of CKS airport.

During the examination the investigation team found no abnormalities of the
slide/raft operation during the SQ006 accident as compared to manufacturer’s
specifications. The investigation team found soot and fire damage located at
the inlet of the aspirators of R4 slide as figure 8 below.

The fire damage of R4 slide was found from inner surface of the slide. The fire
damage of the rest of the other slides was found from outer surfaces as the
figure 9 below.

Airport Emergency Response

The CKS Airport’s aerodrome category for airport rescue and fire fighting
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(ARFF)is 9. According to ICAO Annex 14 SARPs, Vol |, Paragraph 9.2.19:
“Recommendation. - The operational objective of the rescue and fire
fighting service should be to achieve response times of two minutes,
and not exceeding three minutes, to the end of each runway, as well
as to any other part of the movement area, in optimum conditions of
visibility and surface conditions.

The ARFF of CKS Airport had 64 fire fighters in service in 24 hours. Such
manpower status of CKS Airport was less than that of the same level
international airports. For Example; Chek-Lap-Kok Airport of Hong Kong had
220 fire fighters in service and Changi Airport of Singapore had 160 fire
fighters including sea rescuers.

After the accident, the first 10 survivors were sent to hospital by airport’'s
ambulances directly without proper triage procedure. There was no
contingency procedure for medical treatment and rescue in adverse weather
conditions at CKS Airport.

According to the witness statement of injured passengers who rode the
emergency vehicle; the emergency vehicle took seriously injured passengers
(two on stretchers and six sitting) to Chang-Gan Hospital in Linko (30 km away)
were not examined by anyone before rushed to the hospital. There were no
medical personnel attending the injured passengers during the entire 30-
minute ride. The ARFF rescue vehicles took passengers from the runway and
sent them to hospital in the same way.

The doctor of Min-Shen Hospital was responsible and was designated as an
emergency medical treatment coordinator. He did not receive coordinator
training and was not aware the location of the emergency medical facilities.

Others

There was no alcohol and drug testing of the three flight crewmembers of
SQO006 after the accident.

The Department of Forensic Pathology Institute of Forensic Medicine,
Ministry of Justice conducted a total of 7 autopsies. Out of the 7 autopsies

conducted, 6 died from severe burnt and one died from impact injury.
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Conclusion

In view of the facts described in this presentation regarding crew performance
of evacuation procedures, emergency equipments usage and airport
emergency response activities, we may find lessons for those who had
responsibilities and interests in cabin safety aspects to learn.
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Cabin Safety Related Issues
In Taiwan
-- Efforts by Aviation Safety Council (ASC) --

w " I IIIIIIIIIIIWﬂ\-i-Ii

By: Kay Yong Ph.D.
Aviation Safety Council
Taiwan, ROC

March, 2002

Since its birth in May, 1998 ASC has
iInvestigated a total of 18 aircraft
accidents and serious incidents.
m11 accidents (5 helicopters), 7 serious
incidents
mClaimed 95 life
83 from SQO006 (B747-400)
3 from Cl642 in Hong Kong (MD11)
1 from B7873 Explosion due to DG (MD90)
1 from CI681 Captain incapacitation
7 from helicopters

m6 cases involved Survival Issues

/1SC—
t
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China Airlines Cl 642 Accident

AISC—

UNI Air B7 695 Accident
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Daily Air B55531 Accident

Singapore Airlines SQ006
Accident
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UNI Air B7 695 Accident

[ S

Completed 12 investigation reports.

m SQO006 final report will be published in
April, 2002.

mCI642 has been investigated by CAD,
Hong Kong.

m4 other cases being investigated.
Issued a total of 24 safety bulletins,
108 safety recommendations. (not
including SQO06)

B 18 recommendations related to cabin

safety/ARFF, and post accident medical
handling.

AISC—
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Issues Related to Cabin Safety & Other
Survival Factors

Seat Installation and Maintenance

Use of Seat Belt (Oriental culture / education)
Emergency evacuation equipment

H PA system / cockpit-cabin communication

m Emergency lights (dimmed)

m Mega phone /in-cabin communication equipment

m Slides (high wind/ 25 knots spec, lateral G force
1.5¢, fire resistance)

m Smoke protection
m Uniform / footwear

mEmergency evacuation procedures and
training
Very hostile environment (severe impact

force break up aircraft, strong wind, heavy
rain, fire, smoke)

Evacuation command

Communication between cockpit / ground,
cockpit / ATC, ATC / ground

Gathering of passengers

Training

Human factors (crew members and
passengers)

/1SC—
t
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Fire and rescue (manpower,
procedures, regulations, training)

Emergency medical handling
(manpower, procedures, regulations,
training)

Carry-on luggage (especially smaller
carriers for off-shore island
operation)

Autopsy (cultural issue?)

ASC's Safety
Recommendations (SR)
to Premier's Office

A
A B
Research, Related
Assessment & Government
Evaluation Agencies (CAA,
Council MOTC, MOI)
ASC Flight
Implementation Safety Data
Plans Base (FSDB)
Result .
A NO Check? Implementation
YES
Closed
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ASC assess the viability of the
implementation plan

Research & Evaluation Council is the
official oversight agency for
Premier’s office

ASC provides technical assistance in
the evaluation process (ASC does
not have oversight function)

FSDB (Flight Safety Data Base)
tracks the entire process and results.

/1SC—
t

Accomplishment (?) this far

Ensure both the government agencies are
(1) aware of, (2) implement, (3) track the
ICAO SARP.

Ensure follow up procedures are being
drawn

Improving training procedures and
methodology

In the process of signing MOU with MOJ &
MOI for autopsy and evidence
preservation

Raise issues to enhance international
awareness (equipment, procedure

regulations) 55—
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Making both the industry and
government agencies pay more
attention to safety, especially in
Survival Factors.

Change of mind set.

Safety culture of the oriental
society
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