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The sole objective of the investigation of an accident or incident shall
be the prevention of accidents and incidents. It is not the purpose of

this activity to apportion blame or liability.
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“Participation in the investigation shall confer entitlement to participate in

Technology, MCIT

of Transportation, MOT

2

Ministry of Communications and Information
2001 11 23 Ministry of



all aspects of the investigation, under the control of the
Investigator-in-Charge, in particular to:

a) Visit the scene of the accident;

b) examine the wreckage;

c) obtain witness information and suggest areas of questioning;
d) have full access to all relevant evidence as soon as possible;
e) receive copies of all pertinent documents;

f)  participate in read-outs of recorded media;

g) participate in off-scene investigative activities such as component
examinations, technical briefings, tests, and simulations;

h) participate in investigation process meetings including deliberations

related to analysis, findings, causes and safety recommendations;
and

i)  make submissions in respect of the various elements of the
investigation.

Note 1 - It is recognized that the form of participation would be subject to
the procedures of the State in which the investigation, or part thereof, is
being conducted.”

5.25 (h)
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6.3

“The State conducting the investigation shall send a copy of the draft Final

Report to...all States that participated in the investigation, inviting their
significant and substantial comments on the report as soon as possible....

If the State conducting the investigation receives comments within sixty
days of the date of the transmittal letter, it shall either amend the draft Final
Report to include the substance of the comments received or, if desired by

the State that provided the comments, append the comments to the final
report...."
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Singapore Flight 006
747 - 400 Accident in Taipei, Taiwan
October 31st, 2000
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, 1987.12.23 2000.9.13
, 1979.11.7 2000.7.20 2000.1.13
, 1992.7.13 2000.8.31
, 1996.4.30 2000.4.27
, 1995.10.16 2000.8.22
, 1992.5.11 2000.4.6
, 2000.8.10
, 1995.1.13 1999.12.23
5 2000.2.24
5 2000.2.23
1.5.5 - LC
1.55.1 72

2000 10 29

29




1600
1845

10 31 0900

72
1.5.6
1.56.1 72
2000
0900
10 30
1900
10 31
0900
72
1.5.7
1.5.7.1 72
10 29
0900
10 30
0900

2000 10
1840

1500-1600

18.5

0900

24.5

1720
1020

1720
1020

30

30 0700

1845
1030 1200
1840
72
GC
0720 0845
2020
0845 0900
1720 1840
72
CD
1840 1900
1840 1900



10

1.5.8

1581

31
0900

72

72

10 29

1700

10 30

1700

1700

10 31

72

2010

2010

1720 1840
1020
315
FD
0800
0800
1600
0900 1010
315

31

1900

72

0840

0840

72



1.6

1.6.1
1.6-1
1 9V-SPK
2 747-412B
3
4 28023
5 1997 1 21
6
Airline House, 25 Airline Road, Singapore 819829
7
Airline House, 25 Airline Road, Singapore 819829
8 S151
AWC431
9
2000 1 21 2001 1 20
10 18,459 2000 10 29
11 2,274 2000 10 29
12 A Check
13 2000 9 16 17,838 /1187
14 621 187 2000 10 29
1.6.2
SQO006
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1.6.3

1.7

1.7.1

SIGMET

1.7.2

1001

2000

360

2240 —

800
200
RWY 05

2254 —

500
200
RWY 05

2300 —

600
200
RWY 05

2320 —

10
11

10
2127

11

1 10 31
75 |/ 90
020’

—R05/800

500 21
020°

—RO05/450

500 21
020°

—RO05/450

500 21
020°

33

CB

10

38
R06/800
20

36
R06/500
20

36
R06/550
20
22.5

30

500

/

/

/

/

965

58

52

56

61

30



/ 600

1002

1.7.3

12

2307:16

2313:38

2315:22

1.8

1.9

SQ006

1.10

1.10.1

RWY 05

12

—RO05/550
500 21
020 25 |/
020 24 |
020’ 28 |

Ralph M. Parsons Company

1.10-1

34

41

R06/800

43

50

21

05

—450
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05 /23 05 /23

A
05 /23 A
05 /23
05 NC
05 N4 N5
05
1.10.2
1.10.2.1
05 /23 05 /23 214
06/24
05 /23 3,660 60
CATII
05 /23 2,752 45
501-515
22
17 05 /23 NP
06/24 3,350 60
CAT I
1.10.2.2

NP, NS, N1, N2, N3, N4, N5, N6, N7, N8, N9, N10,
N11 East Cross West Cross

NP 30 11 N1 N2
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N4 N5 N7 N8 35 11
NP 05 /23
110 NP
N1 NP NP 05 05
324 NP 05 110
05 05 214
1.10.3
1.10.3.1
1.10.3.1.1
05 N1 N2
05 120
NP N1 76
1.10-2
| 05L _ 603,660 m
120|m
214m | N1 N2 N3
y
" C
i S — — O5R ._._._._7_/._ 45x2,752 m
NP
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1.10-3 N1 NP

1 3.11.6 3-2
75 90

1 5292 5293 5.2.9.5

5.2.9.2

“At an intersection of a taxiway and a non-instrument, non-precision or
takeoff runway, the runway holding position marking shall be as shown in
Figure 5-6%°, pattern A.”

13 1.10-4
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RUNWAY-HOLDING POSITION MARKING

PATTERN A: .

4 lines 340 il
3 mpaces @ L

046 m sch

.-""-1-.31-_.:

PATTEAN B S
2 lleas o i;n
i TR

o m .

.‘ __r

S

Sl
_ A
i i e L
0. m each ﬁ—- —_— —,‘
B
._l..'-.f” . y
__"‘

1 apaca &
0.& m b1, Y
W
i = 3N
f = = W
1 \
! LY
2. m— {-£ I|
/
M

INTERMEDIATE HOLDING
POSITION MARKING

I".-"' ﬁ"i;l:_-'h\ u:-’ ( \III\ 1 -1--._;.:;.—_""1-_ :

[ agn | eann Lo_EE e

(o e \ \ EL

Y 1_.__'_ ”'i H

" ni-'m'_"!-‘"j..""III ?'J.. _,ll_i
= gems=pl |
| |
S — — |
1.10-4 1 5-6

5.29.3

“Where a single runway holding position is provided at an intersection of a
taxiway and a precision approach category I, II, lll runway, the runway
holding position marking shall be as shown in Figure 5-6, pattern A. Where
two or three runway holding positions are provided at such an intersection,
the runway holding position are provided at such an intersection, the runway

39



holding position marking closer to the runway shall be shown in Figure 5-6,
pattern A and the markings farther from the runway shall be as shown in
Figure 5-6, pattern B.”

5.2.9.5

“Recommendation - Where increased conspicuity of the runway holding
position is required, the runway holding position marking should be as

shown in Figure 5-7%*, pattern A or pattern B, as appropriate.”

PATTERN A: PATTERN 8:
4 lines and 2 lines at
J spaces al 0.3 m each
0.3 meach 1apeceat1.5m
21ﬂm 1.50m
b
II %D.Sm
0.16m = 0.15 +m 0.9
; A5 m Am
Il—r‘— Wi
| oam,| RRNL * 0am,|
_03m
1+
[ RI0_oom
HHHE wie »a
ﬂ.:lm 03m 0.3m
1.10-5 1 5-7
AC150/5340-1H
15 2000 12 1
30
/ 1.10-5 B
15
14 1.10-5
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1.10.3.1.2

20

N1 NP 05
05 N1
05 N1 05
1.10-6

3.85.1

12m

1.10-7
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———— _I_I__
e i | —_
= — — o —
1.10-7
1 5.2.8.1

“ At an intersection of a runway and taxiway, the markings of the runway shall
be displayed and the taxiway marking shall be interrupted, except runway
side stripe markings may be interrupted.”

1 5.2.1.3

“At an intersection of a runway and taxiway, the markings of the runway shall
be displayed and the taxiway marking shall be interrupted, except runway
side stripe markings may be interrupted.”

AC150/5340-1H

AC150/5340-1H 360

1.10.3.2

05/23 1.10-1
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1.10-1 05/23

55

05 /23

/

/

PAPI /
05 /23 /
1.10.3.2.1
05 /23 05 /23

60 Crouse Hinds
L-862 L-852 6.6A/T4Q/CL/2PPF

Philips 6372/200W/6.6A/8L 1.10-8

1.10-8 05 /23

05 /23 05 /23
8

43

05

123

05

123




1.10.3.2.2

RGL SMGCS

1 5.3.20.1

“Runway guard lights, Configuration A, shall be provided at each
taxiway/runway intersection associated with a runway intended for use in: a)
runway visual range conditions less than a value of 550 meters where a
Stop bar is not installed; or b) runway visual range conditions values

between 550 meters and 1200 meters, and where the traffic density is
heavy.”

AC120-57A 8b
1,200

“All taxiways that provide access to an active runway (regardless of

whether they are part of the low visibility taxi route) should have runway
guard lights installed at the runway holding position on the taxiway.”

1.10.3.2.3

1 5.3.17.1

“A stop bar shall be provided at every runway holding position serving a
runway when it is intended that the runway will be used in runway visual
range conditions less than a value of 350m, except where, a) appropriate
aids and procedures are available to assist in preventing inadvertent

44



incursions of aircraft and vehicles onto the runway; or b) operational
procedures exist to limit, in runway visual range conditions less than a
value of 550m, the number of: 1) aircraft on the maneuvering area to one at
a time; and 2) vehicles on the maneuvering area to the essential minimum.”

1 5.3.17.2 1999 7

“Recommendation - A stop bar should be provided at every runway-holding
position serving a runway when it is intended that the runway will be used
in runway visual range conditions of values between 350m and 550m,
except where:

a) appropriate aids and procedures are available to assist in preventing
the inadvertent incursions of aircraft and vehicles onto the runway; or

b) operational procedures exist to limit, in runway visual range conditions
less than a value of 550m, the number of:

1) aircraft on the maneuvering area to one at a time; and
2) vehicles on the maneuvering area to the minimum.”

1 5.3.17.3 5.3.17.2 2001

AC150/5340-28

“Stop bars are required for operations below 183m RVR at illuminated
taxiways that provide access to the active runway.”

1.10.3.2.4

L-852
05 /23
30 7.5
65
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NP
N1
N1
N1
1.10-9

05
05
05

7.5

05

30

30
N1
7.5

NP
55 116

05
30

138

120m

1.10-9 N1
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1.10-10 05 N1

1 5.3.15.1

“Taxiway centerline lights shall be provided on an exit taxiway, taxiway,
de/anti-icing facility and apron intended for use in runway visual range
conditions less than a value of 350 m in such a manner as to provide
continuous guidance between the runway center line and aircraft stands,
except that hese lights need not be provided where the traffic density is
light and taxiway edge lights and center line marking provide adequate
guidance.”

1 5.3.15.2

“Recommendation - Taxiway centerline lights should be provided on a
taxiway intended for use at night in runway visual range conditions of 350
m or greater, and particularly on complex taxiway intersections and exit
taxiways, except that these lights need not be provided where the traffic
density is light and taxiway edge lights and centre line marking provide
adequate guidance.”

1 5.3.15.4

a7



“Taxiway centerline lights shall be provided on a runway forming part of a
standard taxi-route and intended for taxiing in runway visual range
conditions less than a value of 350 m, except that these lights need not be
provided where the traffic density is light and taxiway edge lights and
centre line marking provide adequate guidance.”

1 5.3.15.7

“Taxiway centerline lights on an exit taxiway shall be fixed lights. Alternate
taxiway centerline lights shall show green and yellow from their beginning
near the runway centerline to the perimeter of the ILS/MLS critical/sensitive
area or the lower edge of the inner transitional surface, whichever is farther
from the runway; and thereafter all lights shall show green (Figure 5-20).
The light nearest to the perimeter shall always show yellow. Where aircraft
may follow the same centerline in both directions, all the centerline lights
shall show green to aircraft approaching the runway.”

1 5.3.15.10

“Recommendation — Taxiway centerline lights should normally be located
on the taxiway center line marking, except that they may be offset by not
more than 30 cm where it is not practicable to locate them on the marking.”

1 5.3.15.11

“Recommendation - Taxiway centerline lights on a straight section of a
taxiway should be spaced at longitudinal intervals of not more than 30m,
except that:

a) larger intervals not exceeding 60m may be used where, because of the
prevailing meteorological conditions, adequate guidance is provided by
such spacing;

b) intervals less than 30m should be provided on short straight sections;
and

c) on ataxiway intended for use in RVR conditions of less than a value of
350m, the longitudinal spacing should not exceed 15m.”

1 5.3.15.12

“Recommendation - Taxiway centerline lights on a taxiway curve should
continue from the straight portion of the taxiway at a constant distance
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from the outside edge of the taxiway curve. The lights should be spaced at
intervals such that a clear indication of the curve is provided.”

1 5.3.15.13

“Recommendation - On a taxiway intended for use in RVR conditions of
less than a value of 350 meters, the lights on a curve should not exceed a
spacing of 15 meters and on a curve of less than 400 meters radius the
lights should be spaced at intervals of not greater than 7.5 meters. This
spacing should extend for 60 meters before and after the curve.

Note 1. - Spacings on curves that have been found suitable for a taxiway
intended for use in RVR conditions of 350 meters or greater are:

Curve radius Light spacing
up to 400m 7.5m
401m to 899m 15m
900m or greater 30m”
1 9.4.20

“A light shall be deemed to be unserviceable when the main beam average
intensity is less than 50 percent of the value specified in the appropriate
figure in Appendix 84. For light units where the designed main beam
average intensity is above the value shown in Appendix 84, the 50 percent
value shall be related to that design value”

AC150/5340-28

365
AC150/5340-28, 3b 365
30 365 15
0.6
05 /23 200
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1.10.3.3

11

N1 05 54
S5R-23L

N1 05 75
CAT2 N1 CAT2 5L-23R|N1

1 5.4.2

5.4.2.8

“A runway designation sign at a taxiway/runway intersection or a
runway/runway intersection shall be located on each side of the runway
holding position marking facing the direction of approach to the runway.”

5.4.2.9
“A category I, II, lll holding position sign shall be located on each side of the
runway holding position marking facing the direction of the approach to the
critical area.”

5.4.2.12

“Existing installations need not meet the requirement of 5.4.2.8, 5.4.2.10,

and 5.4.2.11 to provide a sign on each side of the taxiway until 1 January
2001.”

5.4.2.14

“The inscription on a runway designation sign shall consist of the runway
designations of the intersecting runway properly oriented with respect to the
viewing position of the sign, except that a runway designation sign installed

in the vicinity of a runway extremity may show the runway designation of the
concerned runway extremity only.”

5.4.2.15

50
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“The inscription on a category |, 1l and Il or joint II/lll holding position sign

shall consist of the runway designator followed by CAT I, CAT I, CAT Il or
CAT II/lll, as appropriate.”

1.10.4
1.104.1
05 /23 A0606 1 2000 9 13
N4 N5 05 /23
N4 N5

1.10.4.2
FOD
0.8 1

2 5 1.10-11
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1.10-11 05 05

05 /23

1 7.1.2

“Recommendation - A closed marking should be displayed on a
temporarily closed runway or taxiway or portion thereof, except that such
marking may be omitted when the closing is of short duration and
adequate warning by air traffic services is provided.”

1 7.1.3

“On arunway a closed marking shall be placed at each end of the runway,
or portion thereof, declared closed, and additional markings shall be so
placed that the maximum interval between markings does not exceed 300
m. On a taxiway a closed marking shall be placed at least at each end of
the taxiway or portion thereof closed.”

1 7.1.4

“Note- When an area is temporarily closed, frangible barriers or markings
utilizing materials other than paint or other suitable means may be used to
identify the closed area.”

1 7.1.7

“In addition to closed markings, when the runway or taxiway or portion
thereof closed is intercepted by a usable runway or taxiway, which is used
at night, unserviceability lights shall be placed across the entrance to the
closed area at intervals not exceeding 3 m (see 7.4.4).”
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AC150/5340-1H 1 4

“When it is necessary to provide a visual indication that a runway is
temporarily closed, crosses are placed only at each end of the runway on
top of the runway designation markings or just off the runway end when
required by construction activity. The crosses are yellow in color and
conform to the dimensions specified in the advisory circular. Since the
crosses are temporary, they are usually made of some easily removable
material, such as plywood or fabric rather than painted on the pavement
surface. Any materials used for temporary crosses should provide a solid
appearance. Since these crosses will usually be placed over white runway
markings, their visibility can be enhanced by a 15 cm black border.

A raised-lighted cross may be placed on each runway end in lieu of the
markings described to indicate the runway is closed. Normally the
raised-lighted cross would be located on the runway; however, it may be
located in the safety area on the extended runway centerline.

Temporarily closed taxiways are usually treated as hazardous areas.
However, as an alternative, a yellow cross that conforms to the dimensions
in Figure 20*® may be installed at each entrance to the taxiway.

If the runway or taxiway will be closed during nighttime, the runway lights
will normally be disconnected so that they cannot be illuminated unless such
illumination is needed to perform maintenance operations on or adjacent to
the runway.”

15

1.10-12
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FOR TEMPORARY X's
THIS DIMEMSION MAY BE
CHANGED TO & FEET

*- RUNWAY CENTERLINE

NOTE:  X's  ARE
ALWAYS YELLOW

(A) CLOSED RUNWAY

| S RUNWAY CENTERLINE

DIENSIUNS ARE EXPRESSED  (B) Al TERNATE CLOSED RUNWAY
THUS!  eoese #g. o

1.10-12 AC150-5340.1 20
1.10.5
1.10.5.1
1.10.5.1.1 16
1 8.2.3

“Where a runway forming part of a standard taxi-route is provided with
runway lighting and taxiway lighting, the lighting systems shall be
interlocked to preclude the possibility of simultaneous operation of both
forms of lighting.”

1.10-13

16 interlock 05
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1.10-13

1979

05 /23 NP
05
1.10-13 1.10-14

West Cross NP

NP N1
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1.10.5.1.2

1 8.3.3

“Recommendation - For a runway meant for use in runway visual range
conditions less than a value of 550 m, the lighting systems detailed in Table
8-1 should be monitored so as to provide an immediate indication when the
serviceability level of any element falls below the minimum serviceability
level specified in 9.4.26 to 9.4.30, as appropriate. This information should
be immediately relayed to the maintenance crew.”

1 8.3.4

“Recommendation - For a runway meant for use in runway visual range
conditions less than a value of 550 m, the lighting systems detailed in Table
8-1 should be monitored automatically to provide an immediate indication
when the serviceability level of any element falls below the minimum level
specified by the appropriate authority below which operations should not
continue. This information should be automatically relayed to the air traffic
services unit and displayed in a prominent position.”

05 /23
05 05 /23
05 /23
17
1.10.5.2 SMGCS
1 8.9.1

“ A surface movement guidance and control system shall be provided at an
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aerodrome.”

1.10.6

1.10.7 05 /23

NACO
ATCI

05

2000 11 1
NC

123
05

123

NC

A007 C015/00

1700

A0740

NACO

05

05

123

123

NC

17
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05 /23

05
A010 C021/00
2001 2 1 0000 05 /23
NS NC
30 05 /23
36
1.11

Cockpit Voice Recorder CVR
Flight Data Recorder FDR

1.11.1

Fairchild A200S S200-0012-00
00744

VHF Keying

123 18 16

18 120
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30 2300:53 B5
2317:22
SS West Cross NP N1 05

11111

747-400 23-71-01

“(2) The purpose of the VOICE REC ENG CUT relay is to reduce wear on
the voice recorder system by automatically turning the system off 5 minutes
after all engines are cut....The voice recorder switch can be manually
placed in the auto position, or will automatically switch to this position when
at least one engine is running, for in-flight operation of the system.”

FAR 14 CFR - CHAPTER 1- PART 91.609

“Is operated continuously from the use of the checklist before the flight to
completion of the final checklist at the end of the flight.”

JAR-OPS 1.700 2000 7 1

“(c) The cockpit voice recorder must start automatically to record prior to the
aeroplane moving under its own power and continue to record until the
termination of the flight when the aeroplane is no longer capable of moving
under its own power. In addition, depending on the availability electrical
power, the cockpit voice recorder must start to record as early as possible
during the cockpit checks prior to engine start at the beginning of the flight
until the cockpit checks immediately following engine shutdown at the end of
the flight.”

37 3

“On any flight on which a flight data recorder or a cockpit voice recorder is

required by this Order to be carried - in an aeroplane, it shall always be in
use from the beginning of the take-off run to the end of the landing run.”

6.3.10.1

59



“Flight recorders shall not be switched off during flight time.”
Flight Time

“The total time from the moment an aircraft first moves under its own power
for the purpose of taking off until the moment it comes to rest at the end of
the flight.”

1.11.2
AlliedSignal 980-4700-033
1634 AlliedSignal HHDLU Aircraft Data
Recovery and Analysis System ADRAS Recovery, Analysis and Presentation
System RAPS 318
2300:00 B5
2316:34 50.6
2317:12.16

1.11.2.1

11 5 Quick Access

Recorder QAR

Penny & Giles Aerospace

11 8 QAR
2316:23 QAR
Penny & Giles Aerospace 11 22 QAR
Non-Volatile Memory NVM 2316:40
NVM
1.11.2.2
1.11-1
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SQ006

RAPS

1.11-2
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i '
Satellite image

1.11-2

1.12

05

62

N1

N1

N8



1.12-1
396
1.12.1
4,080
19
1.12-2 1560
085
19 7 4400

63

1.12-3

130

m LeftWinhg UG Track
B Lafi Body LG Track
=]

B Fight Wing UG Track

o 0125 .35
P [ ——

Kilometers

05
6,840
040
1.12-4 5



1.12-2

1.12-3
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1.12-4
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1.12.2

11221
41 42 44 05 1.12-6
?
130 1284 320 1000
30%
? Spar Winglet
1.12-7
? 1360

1.12-6
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46 48 05 1.12-8

4 1560

4 5
2410 2747

48

270
1.12-9

48

1.12-8
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1.12-9

11223

Gl G2 G3 G3A G4
G5 G6 G7 G8

1.12.2.3.1

1.12-1
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1.12-1

1.12.2.3.2

1L

1R

69

1L




2L

3

1R

3L

UDL

UDR

4R

70

4R

2L

3L

1.12-10

ubDL



4
4L

S S5R

5 5R
5 5L

5 5L

1 2 4
1.16
1.12-2
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1.12-2

ubDL UDR

UDR UDR

1L 1L

1R

2L 2R

2R

3L

3R

4L

4R

sL

5R

1.12.2.3.3

4 D F G H 60 D F G H

1.16

1.12.3

1.12-12
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11242

11243

Jack Screw
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1.12.4.4

Elevator Feel Actuators Quadrant
1.12.45
1.12.4.6
05
1.12.5
05 RE239
RE240 RE239 05 6270 RE240 05
6,670 1.12-13
RE240 1.12-14

1.12-13 RE239 RE240
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1.12-14 RE240

RE239

RE240 38 5

1.12-15

1.12-15 RE239 RE240
RE239 RE240 RE-239-1 RE239-2 REZ240-1
RE240-2
1.16.5
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1.13

1.13.1
1.13.2
1.13.3
1.14
1.14.1
ARFF
1 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.

Note 1-Response time is considered to be the time between the initial call
to the rescue and fire fighting service, and the time when the first
responding vehicle(s) is (are) in position to apply foam at a rate of a least
50 percent of the discharge rate specified in Table 9-2”
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3
13,500
42,000
?
1.14.2
1
40
1.14.2.1
23 17 36
05 /23
1.14.2.2
4 2
East Cross

1 92

36,400
86,000
05
48
68 32
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3
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2320:45

2 1 3
06/24
24
0900 2200
6 40 60
34 54 7
2340
1.14.3
1.15
1.15.1
159 153 3 3 80
19 4
1.15.1.1

ASEP
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4 4

“The primary focus of any emergency evacuation is to rapidly evacuate the
occupants. To achieve this, crew should take steps to avoid incapacitation
as far as possible. Evacuation procedures are based on minimum Primary
Crew complement and any incapacitation will increase the passenger
evacuation time. Use positive commands in a strong and forceful voice
when directing the evacuation.

NOTE: The initiation of an evacuation is he Commander's responsibility.
Should a Cabin Crew consider that an evacuation is necessary, he should
advise the Commander of the situation and await his decision. In cases,
where it is obvious that an evacuation is imperative and no contact with the
cockpit has been possible, the Cabin Crew should initiate the evacuation as
soon as possible.”

CIC

10

PA

79
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1.15.1.3
17A UDL
/
17A
CM-2

80

CM-3

CM-3

CM-2

CM-2

CM-3



1.15.1.4

1.15.1.5
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1.15.1.6

CM-2

15

CM-3
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1.15.2

CCS

1.15.3

1.15.3.1

50

1.15.3.2

EMT 1

( 1151 )
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1.15-1 SQO006 30
A4

10 30

1.15.3.3
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0830 1730

2
ICAO Doc 9137 3.6.3

“A medical co-ordinator should be assigned to assume control of the
emergency medical operations at the accident site. If airport services exits,
the medical co-ordinator may be designated from the airport medical staff.
In some cases, it may be necessary to appoint an interim medical
co-ordinator, to be relieved when the designated medical co-ordinator
arrives on site. The interim medical coordinator can be designated from the
airport rescue and fire fighting personnel.”

1.15.3.4

900

1.15.3.5

ICAO Doc 9137 3.7.1

“...It is mandatory to establish in advance an accurate list of surrounding
hospitals. They should be classified according to their effective receiving
capacity and specialized features, such as neurosurgical ability or burn
treatment. In most circumstances, it is unwise to deplete the most

85



proximate hospital to the accident site of essential medical and nursing
personnel.”

ICAO Doc 9137 4.1.7

a immediately provide and transport doctors and medical teams skilled in

trauma care to the accident site upon notification of the emergency;

b provide medical care to the casualties when they arrive at the

treatment area; and

C ensure that adequate doctors and nurses, operating rooms, intensive
care units, surgical teams, blood and blood volume expanders are

available for emergency situations, including aircraft accidents.

1.15.3.6

ICAO Doc 9137 1.1.9

“‘Recommendation - The stabilization and emergency medical treatment of
casualties is of equal importance. The speed and skill of such treatment is
crucial in situations where life hazards exit. An effective rescue effort requires
adequate preplanning for emergency as well as execution of periodic practice
exercises.”

ICAO Doc 9137 3.6.1
“Recommendation - The purpose of the medical service during an accident is
to provide triage, first aid and medical care in order to:

(&) save as many lives as possible by locating and stabilizing the most
seriously injured, whose lives may be in danger without immediate
treatment.

(b) provide comfort to the less seriously injured and to administer first aid,;
and
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(c) transport casualties to the proper medical facility.”
ICAO Doc 9137 3.6.3

“Recommendation - A medical co-ordinator should be assigned to assume
control of the emergency medical operations at the accident site. ...In some
cases, it may be necessary to appoint an interim medical coordinator, to be
relieved when the designated medical coordinator arrives on site. The
interim medical co-coordinator can be designed from the airport rescue and
fire fighting personnel.”

ICAO Doc 9137 4.1.6

“Recommendation - It shall be the responsibility of the medical co-ordinate
to supervise the medical services and to:

a verify the notification of mutual aid medical and ambulance services
and their subsequent arrival at the rendezvous point or staging area;

b  organize the necessary actions for triage, treatment of the casualties,
and their eventual evacuation by appropriate means of transportation;

c control the flow of casualties and ensure, together with the
transportation officer, the dispatch of the casualties to the appropriate
hospitals by all available means of transportation;

d  maintain an accurate list of the casualties including their names and
their final disposition;

e co-ordinate the transaction of the uninjured to the designated holding
area with the aircraft operator concerned;

f provide medical evaluation of ambulatory and uninjured survivors;

g arrange for the replenishment of medical supplies, if necessary; and

organize, with the police, reception facilities for the dead.”

ICAO Doc 9137 9.2.3

“Recommendation - The first qualified, medically trained person to arrive at
the site must immediately begin initial triage. This person(s) will continue
performing triage until relieved by a more qualified person or the designed
airport triage officer. Victims should be moved from the triage area to the
appropriate care holding areas before definitive treatment is rendered.
Casualties should be stabilized at the care holding areas and then
transported to an appropriate facility.”

ICAO Doc 9137 331
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“Recommendation - The Prime responsibility of airport rescue and fire
fighting personnel is to save lives. Property endangered by aircraft incidents
and accidents occurring on or near the airport should be preserved as far as
practicable. To achieve this objective, fire should be suppressed and any
re-ignition prevented. There are aircraft accidents, however, where fire may
not occur, or where the fire may be rapidly extinguished. In every case, the

procedures should provide for the most rapid evacuation possible of
survivors of the accident.”
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1.16.6
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1.16.7

05

123

22

22
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AWA
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1.16-2

05 05/23

2312 518 475
2313 504 604
2314 923 420
2315 450 236
2316 360 168
2317 444 192

1.17

1.17.1

1.17.1.1

CAAS

1.

2.

3.

4.

1.17.1.2

1.17.1.2.1

Air Operator Certificate, AOC
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Air Operator Certificate Requirement, AOCR

1.17.1.2.2
1.17.1.3
line stations
1.17.2
2000 Tamasek
Group 57% 11
4
1.17.2.1
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1.17.2.2

5.4

“The accident investigation authority shall have independence in the
conduct of the investigation and have unrestricted authority over its
conduct, consistent with this Annex.”

5.4.1

“Any judicial or administrative proceedings to apportion blame or liability
should be separate from any investigation conducted under the provisions
of this Annex.”

1994 11 21

1974

“Proper conduct of the responsibilities assigned to the Board [NTSB]
requires vigorous investigation of accidents involving transportation modes
regulated by other agencies of Government; and calls for the making of
conclusions and recommendations that may be critical of or adverse to
any such agency or its officials. No Federal agency can properly perform
such functions unless it is totally separate and independent from any other
department, bureau, commission, or agency of the United States.”

Pieter van Vollenhoven
23

23

2000 1 23

Pieter van Vollenhoven
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“In some cases, to ensure ‘independence’ of an investigation, the
government appointed a special committee, chaired by an independent
person, such as a judge. But, the committee was uwsually made up of
government inspectors, or people working for them. After all, they had the
expertise that was needed. And society usually accepted this procedure,
because, as | have already pointed out, government and safety were
regarded as two sides of the same coin. What is more, it was often the
only way possible of carrying out an investigation, apart from calling in a
private agency or university. It was not until much later that the public
began to question the significance or worth of such investigations. For, if
the intention was to learn from them, and if so many conflicting interests
were involved, they had to meet one very basic condition. They had to be
carried out independently of all interests but one. And that one interest
was safety. There could not be even the slightest suggestion that any
other interest influenced the findings of the investigation, or the
committee’s recommendations.

Increasingly, people began to realize that government inspectors were not
independent. After all, they were closely involved in drafting regulations,
and monitoring compliance. They were, in fact, both judge and jury.”

Pieter van Vollenhoven

“...a permanent independent organization not only guarantees the
independence of the investigations. It can also ensure that followup is
given to its recommendations. And, since prevention is better than a cure,
it can carry out the incident studies.”

1.17.3
Flight Operations Division
Treasury Finance
Corporate Affairs Cabin Crew Personnel Engineer
Commercial
Senior Vice President, SVP
Flight Administration Manual FAM Division
Section
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1.17.3.1

chief pilot

Flight Operation Manual FOM
747-400

AOCR

Crew Operating Pattern COP

FRAMS
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1.17.3.2
200
Check
Airman
€) Aircraft Type Training
(b) Reactivation Training
(c) Recurrent Training

103



(d) Recency Training
(e) Reinforcement Training

® Low Visibility Training

() 10 15 CFIT FANS CAT
3 TCAS

(©)
(d) / 4 5

()

Line Oriented Flight Training LOFT
LOFT

28
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1.17.3.3

SIA Air Safety Committee
Flight Safety Review

Flight Data Analysis
Program FDAP

(QAR)
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90% QAR

FRAMS

management pilot

Confidential Human Factor Incident Reporting Program

1.17.3.4 FCC
(@)
(b)
(©)
(d)
212
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1.17.4

1.174.1

CRM
B777

24

Section

1984
1987

94

12

, ARM in SIA

107

15

24

1998

20



multi-cultural 24

consensus autocratic 25

error management system

1.17.4.2

747-400

747-400
747-400

747-400

747-400

1.17.4.3

# Karlins, M., Koh, F., McCully, L., & Chan, C. T. 1997 . The aircrew behavioral compass: A
descriptive model for categorizing and understanding the personal behavioral styles of pilots. In R.
S.Jensen & L A. Rakovan Eds. , Proceedings of the Ninth International Symposium on Aviation

Psychology  pp. 1116-1119 . Columbus, OH: Ohio State University Press.

% Karlins, M., Koh, F., & McCully, L. 1989 . The spousal factor in pilot stress. Aviation, Space and
Environmental Medicine, 60, 1112-1115.
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Airways Systems, SAS

SIA Taipei Station Brief [

2000 3 1 , TPE-2-2, ]
21
1.17.4.4
1.17.4.5
747-400

SQ006

INTAM Scandinavian

Nightstop Information-TPE

aircraft side SQ006
B5 aircraft’ s parking bay
53
05 05
Flight Crew Training Manual FCTM

8.26

Bear in mind that, in very low RVR values, one would expect to see bright

lights at a safe distance but not unlit or poorly lit obstacles, such as aircraft
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tails or wing tips. From certain angles, their navigation lights do not show up
well. Since aircraft movement rates will be low in these conditions, taxi as
slow as necessary for safety. Do not hesitate to request from ATC the
positions of other taxiing aircraft or to ask for a*“ follow me” car.

Use utmost care to taxi according to the issued clearance. That is, use the correct

taxiway and runway. Switch on taxi/landing lights, even in daylight conditions, to
make you more visible to other aircraft and vehicles.

5.8 /
taxi routing situational and environmental
awareness
747-400
1.17.4.6
2000 2 29
2000 3 31
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1.17.4.7

747-400

2000 10 31

1.17.5

1995

2000 10 31 1821
311021 OCT 31, 2000

2000 10 31 2325
311525, OCT 31, 2000
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2000

1.17.6
86
2000 10 31
1.17.7
3.41.1
48
26 SMFCC

112

10
26

31

21

55



Il 12

2000 10 31 2100

W24 24
Il

The responsible agent should ensure that relevant amendments and
changes, whether favorable or adverse, are passed immediately to
the FCC as they become available;

The responsible agent should ensure that the Commander of any
aircraft on the ground is fully and immediately informed of the
situation;

FCC will inform the relevant fleet Chief Pilot s , Singapore station or
Departure station, Destination station, Diversion station, Senior
Manager Ground Services, Manager Schedules and SIA Engineering
Co. that Condition Il exists; and

The Commander of a flight to an affected station is to be briefed on
all available information regarding the typhoon, including ground
handling plan at destination station and diversion plan. The briefing
should be given before the Commander reports for duty. Where
necessary, he shall consult FCC on all matters pertaining to the flight.
In offering assistance, FCC must take into account Marketing and
Engineering considerations.

747-400

1839
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2155

3.41.1.6
2000 11
747-400
1.17.8
3.28.1
1.17.9
1.17-1

114

1
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1987
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( “AirPlan”
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/
/
Constant Current Regulator, CCR
1.17.13
24
a.
b.
/
/
4 6
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SS 20
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West Cross NP

NP N2 CM-2 “ NEXT RIGHT” CM-1
"first right” " second right” CM-2
CM-2
1.18.1.1.3 CM-3
CM-3 CM-3
CM-3 15
CM-3 CM-1 ATIS
CM-1 CM-3
CM-2 CM-3
ATIS %
CM-3
CM-1 CM-1 CM-3 CM-3

CM-3 CM-1

CM-3 CM-1 CM-2
CM-1 CM-2 CM-1
05 CM-3
05 CM-1 CM-2
CM-3
CM-1 CM-3
CM-3 West Cross NP
NP CM-3
06

28 1515:22

- TWR Singapore Six, runway zero five left, wind zero two zero at two eight, gust to five zero, clear
for takeoff.
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1.18.4

05
747-400
747-400
747-400
30
25
15
30
747-400
1.18.4.1
747-400 4.10

“4,10.1 A contaminated runway is a runway that is partially or entirely

covered with standing water of more than 1 mm, slush, snow or ice, or a
“wet’ runway with sand or dust.”

“4.11.1 Wet runway is a runway that is well-soaked but with no standing
water.”

747-400
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1.18.4.2

5

“A runway where more than 25 percent of the required field, within the width

being used, is covered by standing water or slush more than 0.125 inch
(3.2mm) deep, or that has an accumulation of snow or ice.”

“While flight planning, pilots should anticipate runway conditions for
planned departure and arrival airports. Generally, non-grooved runways will
be considered to be “wet’ if moderate rain (RA or SHRA) is forecast at or
shortly before the time of departure or arrival. If heavy rain or
thunderstorms are forecast, standing water should be expected. The
presence of standing water, snow, slush, or ice generally indicate the need
for application of contaminated runway performance adjustments.”

747-438

“When in doubt about the condition of the runway, be conservative.

When landing in very heavy rain on runways which are not grooved..., the
runway should be treated as “contaminated” with “poor” braking.”

1.18.5 PVD

1.185.1

747-400 8.32 PVD
PVD
1.18-2 CM-2 PVD
PVD
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1.18-2 PVD

PVD
50 PVD PVD
ILS
PVD
PVD
PVD
PVD
747-400 PVD
PVD 747-400 1998 6 12
2000 2 11 Using the runway localizer tuned on the Navigation

Radio page, the PVD provides guidance to runway centerline during ground
operations.

1.18.5.2

747-400 8.33
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PVD PVD

PVD 15
PVD
PVD PVD CAPT ON PVD F/O ON PVD BOTH
ON EICAS Engine Indication and Crew Alert System
PVD PVD SYS CAPT PVD SYSF/O EICAS
1.1853 PVD
747-400 AFM 1 15

“PARA VISUAL DISPLAY (PVD) SYSTEM

If operating under Civil Aviation Authority of Singapore jurisdiction then refer

to Civil Aviation Authority of Singapore (CAAS) Supplement for information
which supercedes the data in the following paragraph.

Low weather minima operations shall not be predicated on the use of the
PVD system, since the FAA has not evaluated the PVD system.”

747-400
PVD 1994 10 31

15 3 1 6

“The flight crew should confirm that when the PVD is selected ON, the
display streams right, left and then stops momentarily. The display will then
either provide guidance to the localizer centerline or will shutter dependent
upon whether the airplane is in a position for takeoff or not.”

747-400 PVD
PVD
PVD
PVD 747-400
PVD

Flight
Manual Approval
PVD
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1.1854 PVD

PVD

PVD

PVD
11 13
PVD

1.18.6

PFD 1.18-3

Aligned with centerline

reversionary

747-400 PVD
Smiths Industry
PVD
PVD
PVD 747-400 767

Smith Industry

PVD PVD
EICAS
13 PVD
PFD
PVD
PFD

PVD
PVD
PVD
1998 1 2000

Mot atigned with centerline

Rising rmway

1.18-3 PFD

Localizer pointer and scale
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1.18.7

ND

ND
10 640

05 05L
05 05

1.18-4 05 ND

ND
ND
ND
05
1.18-4
1.18.8

ND 05

EMM

144



HUD

30 T-NASA
31,32
GPS
33
ND
EMM
1.18.9
1.18.9.1
747-400 12
A5 NP N1
A8
1.18.9.2
77 A6 NP

% Mccann, R. S., Hooey, B. L., Parke, B., Foyle, D. C., Andre, A. D., and Kanki, B. (1998). An
evaluation of the Taxiway Navigation and Situation Awareness (T-NASA) system in high-fidelity
simulation. SAE Transactions: Journal of Aerospace, 107, 1612-1625.

3L Andre, A. D., Hooey, B. L., Foyle, D. C., and McCann, R. S. (1998). Field evaluation of T-NASA:

Taxi Navigation and Situation Awareness system. Proceedings of the AIAA/IEEE/SAE 17" Digital

Avionics System Conference, 47, 1-8.

Hooey, B. L., Foyle, D. C. and Andre, A. D. (2000). Integration of cockpit displays for surface

operations: The final stage of a human-centered design approach. Proceedings of the AIAA/SAE

World Aviation Congress (Paper 2000-01-5521). SAE International: Warrendale, PA.

McCann, R. S., Hooey, B. L., Parke, B., Foyle, D. C., Andre, A. D., and Kanki, B. (1998). An

evaluation of the Taxiway Navigation and Situation Awareness (T-NASA) system in high-fidelity

simulation. SAE Transactions: Journal of Aerospace, 107, 1612-1625.

32

33
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2.1 2.2
23 24
2.5
2.6
2.7

34 Reason

35
36

2 4 4343 4.3.54

2.1

SQ006

* Human Factors Training Manual, 1998. International Civil Aviation Organization Montreal, Quebec
% Reason, J. 1997. Managing the Risks of Organizational Accidents. Ashgate Publishing Company.
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SQ006

05

2.2

05
22-1 2.2-8

% National Blueprint for Runway Safety. 2000. Federal Aviation Administration.
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N4 NS N8 N7

West N6
Cross
2.2-1 -1
2.
2
N4 N5 N8 N7

X

g9 o— = 0Fceliim ——— — — — — — — — —

West N6

Cross

2.2-2 -2
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N4 N5 N8 N7

West N6
Cross
2.2-3 -3
4 1 2 11
3 11
N4 N5 N8 N7

West N6

Cross

2.2-4 4
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1430

N4 NS N8 N7

West N6
Cross
2.2-5 -5
6.
N4 N5 N8 N7

West N6 ;
Cross

2.2-6 -6
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N4 N5 N8 N7

West N6
Cross
2.2-7 -7
8 4
N4 N5 N8 N7

2.2-8 -8
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2.3

05 N4 N5
05 NC
2.3.1 N1
23.11 N1
N1 05
32 05 05
35
3.85.1 N1 N1
05 20 05
N1
1 5.2.1.3
N1 05
05
AC150/5340-1H
360
N1
23.1.2 N1
23121 05
1 8.2.3
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05

05

05

N1

1.10

23

05

N1

05



“Where a runway forming part of a standard taxi-route is provided with
runway lighting and taxiway lighting, the lighting systems shall be
interlocked to preclude the possibility of simultaneous operation of both

forms of lighting.”

1.10

1973
1995

2.3.1.2.2

123

1 5.3.15.13

“Recommendation - On a taxiway intended for use in RVR conditions of
less than a value of 350m, the lights on a curve should not exceed a
spacing of 15m and on a curve of less than 400m radius the lights should

be spaced at intervals of not greater than 7.5m. This spacing should extend
for 60m before and after the curve.”

NP N1
60
7.5
NP N1
05 N1
05
16
2.5
2.3.1.2.3

N1

200

9.4.23

154

05
114

350
11 4



N1

05
SQO006
N1
11 4 N1 2
3
2.3.2
1999 1 5.3.20.1
A 2.3-1 AC120-57A
8b 365 AC150/5340-28
N1
05 /23 75 A
N1 05 /23
75 NP 249
N1 05 175 450
05 25
75m
\
A pair of unidirectional,
flashing yellow lights
2.3-1 A
2.3.3
05 23
N2 N1 05
05 05 NP
2.3-2 05
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VOROME
]

Ea———

05
1 7.1.3 05
7.1.4

SQ006

1 7.1.2

05

05

ATIS
05

N1 N2 05

ATIS 05
05
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2.3.4

234.1

05

05

05

05

05

05

05

05
1.18

05

SQ006
05

SQ006
SQ006

747-400
05

/23
05
SQ006 NP

123

05

05

05

SQ006 05
747-400
05
77 SQ006
SQ006
05
747-400
NP 05
A7 SQ006 SQ006
05 NP
NP 110 05
16 05
05 2313 4
05
05
40
05 05
05

157
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05

RE239  RE240
RE239
RE239
SQO006 05

RE240
RE240

RE240

40

RE240

1. RE240

2.3.4.2

05 2.3-1.
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2.3-1 05
05 05
05
40
7
05
RE239
1)
RE240
2)
77
30 30 30
58
05 05 05
NP NP
A7 SQ006
West
Cross 05
SQ006 05
05
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2.3.5

2351

2.3.5.2

23521

2.3.5.2.2
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2.3.5.3

23531

2.3.5.3.2 -

1.17.13

2.3.6
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2.4

24.1

450
05

05 NC

ATP-88
/
SQ006
2,000
SQO006
SQO006
NP
ICAO Doc 4444
ICAO Doc 9476

SQO006 05 600

05 2,000

CM-1

NP
CM-1
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05



SQ006

24.2 ASDE

ASDE
ATP-88
ASDE SQO006

ASDE
SQ006
ASDE SQ006
ASDE
SQ006

ASDE

ASDE
ASDE
ASDE

SQ006

ASDE

2.5

25.1

163

ASDE

ASDE

ASDE
ASDE



2.5.2

2521

2.5.2.2

05

2000

1.18-1

SQ006
05
11 3 CM-1 CM-2
05
05
05
05
05
2000 7 7 05
2000 10 27 11 1
NC SQ006
2000 7 7
05
A007 C015/00
05 /23 NC

05

164

05
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2.5.3

05
ATIS CM-1 CM-2 CM-3
CM-1 05 CM-1
05 05
05
CM-1
NP N1 05
05
05 CM-1 05 05
NP 05 CM-1
05 05 05 CM-1
05 05
25.3.1
360 12/
37 CM-1
CM-3 CM-1
254
2001 6 AC120-74
SQO006
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SQ006

AC120-74
2541
AC120-74
SQ006
747-400
NP NP N1 05
CM-1 CM-2 CM-3
NP 05
2571
2.5.4.2
AC120-74

“Flight crews should use a continuous loop process for actively monitoring
and updating their progress and location during taxi. This includes knowing
the aircraft's present location on the route that will require increased
attention. For example, a turn onto another taxiway, an intersecting runway,
or any other transition points. As the ‘continuous loop’ is updated, flight
crewmembers should verbally share relevant information with each other.”

NP N1 05

05 CM-1

37 CVR 15:10:21, CM-3 said “Yah, it typhoon is coming in ah, the longer they delay the worse it is

lah”. CM-1 replied “Yah, worse if we are going to get out, if don’t take off ah ..... "
% CVR 15:15:52 CM-1 stated “It going to be wet slippery | am going to slow down a bit slow turn
here”

166



CM-1

05
05
CM-1 CM-2
05
30 /
CM-3

working memory

N1

CM-3 81%

CM-2
CM-2 PVD
PVD
CM-2
CM-1
correct picture
CM-3
05
CM-1
39
05

linguistic discourse analysis

CM-1 38% CM-2

CM-1

CM-2

CM-2

17%

%9 Endsley, Mica. 1996. Situation awareness in aircraft. In Brent J. Hayward and Andrew R. Lowe
Eds. , Applied aviation psychology: achievement, change, and challenge: proceedings of the
Third Australian Aviation Psychology Symposium. P403-417. Aldershot; Brookfield, Vt: Avebury.

0 The linguistic discourse analysis was conducted by Dr. Frances Trix, an anthropological linguist
specializing in oral discourse analysis, along with Carolyn Psenka, a graduate student in
anthropology who has been conducting research in aviation and aerospace, both of Wayne State

University, USA.

167



2543

AC-120-74
05
05 05
05
2544
747-400
SS West
Cross NP 05 N1 4
NP 05 747-400
progressive taxi instruction
1.17.45
socio-technical
42
SIA Flight Instructor Manual
747-400
airmanship
4 CKS Ground Control SQ006 ...taxi to Runway 05L by
Taxiway SS, West Cross and NP cross Runway 05R

ATP-88 3-7-2b

*2 Reason, J. 1997 . Managing the risk of organizational accidents. Aldershot, UK: Ashgate.
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2.54.5

8
follow me car CM-1
10 Blueprint
Pavement Configuration
SQO006
2.5.4.6

AC120-74
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AC120-74



AC120-74

05 05
255
05
05
05
05
SQ006
747-400 05 05
747-400
747-400
2.5.6
2.5.6.1 PFD
PFD
rising runway symbol
05
full scale
ATIS 200
43 ATP-88 03/01/99 3-4-10,
05 touchdown zone lights

170

TDZ

16

ILS localizer indicator

05

4,800
1.18.2.7

05

PFD



PFD

05 214 650
PFD
2.5.6.2 ND
ND
O5L 05
05 214 650
05 05
ND 10 nm
ND 10 640
Flight Management Computer, FMC
ND
10 05
2.5.6.3 PVD

2.5.6.3.1 PVD

747-400

05 SQ006

ND

map error
TOGA

ND

ND

“The flight crew should confirm that when the PVD is selected ON, the
display streams right, left and then stops momentarily. The display will then
either provide guidance to the localizer centerline or will shutter dependent

upon whether the aircraft is in a position for takeoff or not.”
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PVD

747-400 PVD
SQ006 N1
05 CM-2 PVD CM-2 CM-1
CM-3 PVD CM-3 PVD
45 a4 05 PVD CM-1
PVD 4 CM-1 PVD
CM-1 PVD
CM-1
747-400
PVD 747-400
Navigation Radio PVD
747-400
PVD
747-400 PVD
SQ006
PVD
2.5.6.3.2 PVD
747-400 PVD
747-400
PVD RVR
100 PVD 05
10 PVD
SQO006 05 PVD
PVD CM-1 CM-2
PVD PVD
PVD
PVD 28 PVD PVD

* CVR 15:16:07 CM-2 “And the PVD hasn't lined up ah”
CVR 15:16:10 CM-1 “Yeah we gotta line up first”
CVR 15:16:12 CM-3 “We need forty five degrees”

®> CVR 15:16:23 CM-1 “Not on yet er PVD huh never mind we can see the runway, not so bad...”
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PVD PVD
PVD PVD
PVD
PVD
PVD
SQ006
CATII PVD SQO006
PVD
747-400 PVD
10 PVD
PVD
PVD
PVD
PVD
SQ006 PVD
747-400 PVD
747-400
PVD
PVD PVD

25.6.3.3 PVD

747-400 PVD

747-400 QRH Quick Reference Handbook NNC.10.6

EICAS message > PVD SYS CAPT, F/O

PVD
PVD

PVD ILS

PVD
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45 ILS

PVD
ILS
45
PVD
ILS
PVD
PVD
05 PVD
PVD
PVD
PVD
PVD
PVD
SQ006
PVD PVD
2.5.6.4
PFD
NP
N1
CM-1 230 180

174

ILS
PVD
PVD
PVD
PVD
PVD
NP 05 /23
230
320 270
NP 90
050 05

EICAS

05

PVD

NP
05

N1



AC120-74

CM-2
SQ006 NP N1 05 CM-2
/ CM-1 CM-3
/
/
/
2.5.7
25.7.1
NP 05
05
1, / N1/5R-23L N1
05 54 N1 20
2. 05 05 R 05
60
3. CAT 2 05 05 N1
05 140 N1 20
4. / 5L-23R|N1 05 05
05 140 N1
1.16.6
N1 05
05 N1 05
05
25-1  CM-1
2.5-1 CM-1
NP

175

N1

N1
20

NP
N1
05
N1
N1/5R-23L
CM-1



2.5-1 NP N1 05

CM-1
N1/5R-23L
60 RVR 450
N1
N1 05
05
N1 CM-1
05 R 05
05

176

100

2.5-2

CM-2
05

NP

NP

CM-1
05

N1

05



.

-

ol e e ol B — -

05

05

N1

2.5-2

05

05

N1

450

05

214

177



2.5.7.2

25721
05
05
N1
2542
2.5.7.2.2
05
05
05
05

05

CM-1

N1
05
600
05 05
NP
05 CM-2
PVD
N1
N1
7.5
N1

450
N1 05
CM-3
05
NP
N1
N1
05
05
CM-1
NP 05

46

*® Wickens, C. D. 2001. Attention to Safety and the Psychology of Surprise. University of lllinois,
Aviation Human Factors Division. Savoy, lllinois.
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NP 05

05
CM-1 CM-1 05
05
2.3 N1
NP N1 05
16 7.5 N1
2.5.7.2.3
CM-1 NP N1 324
05 NP 05 CM-1
NP 05
05

47 Airfield Lighting Control and Monitoring System

Taxiway Lighting Control System

48

*" Koh Ming Sue, 2001. The New Airfield Lighting Control and Monitoring System at Singapore
Changi Airport. 2001 International Symposium on Airport Infrastructure Development and
Management, April 25-26, Singapore.

4 Endsley, Mica R. 1995. Toward a Theory of Situation Awareness in Dynamic Systems. Human
Factors, 37 1 , 32-64.
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pattern-recognition action-selection
495051 gutomaticity

novel stimuli
52
NP N1
05
CM-1 N1
05
05
05
25.7.2.4
05
05
05 05

05
CM-1

color constancy

49 Automaticity occurs when routine, familiar, highly practiced skills-based tasks become automatic or
habitual with experience. Automaticity enables fast, autonomous, and effortless processing of
information  Endsley, 1995; Reason, 1990

0 Reason, James. 1990. Human Error. Cambridge UK; Cambridge University Press.

! Endsley, Mica R. 1995. Toward a Theory of Situation Awareness in Dynamic Systems. Human
Factors, 37 1 , 32-64.

2 MCIT CM-1 CM-2

CM-1 44% (19/43) CM-2

54% (29/54)
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hue
54, 55
SQO006
rods cones
sensitivity
photopic vision 550nm>®
scotopic vision
500nm - photopic vision scotopic vision
Purkinje
57 /
05
05
wash-out
CM-2 N1
05 58
05
PVD
2.5.7.3
N1 05 20
05

3 Hue is the experience of a chromatic color such as red, green, yellow and blue
> Foster, D. H., Nascimento, S. M. C., Craven, B. J., Linnell, K. J., Cornelissen, F. W., & Brenner, E.
1997 . Four issues concerning color constancy and relational color constancy. Vision Research,

37, 1341-1345.
. Sensation and perception 3" editon . Belmont, CA: Wadsworth

° Goldstein, E. B. 1989
Publishing.
° Nanometer =nm=10"cm.
1992 . Human factors in engineering and design 7"

°" saunders, M. S., & McCormick., E. J.
Edition . Singapore: McGraw-Hill.
%% CVR 151540 CM-2 Strobes on, landing lights all on
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SQ006

CM-1 NP N1
CM-1
CM-2
human perception
59
N1
2.5.74
AP 05 05
2.5-3
(@) 05 05 15 60 45
(b) 05 HIRL CL TDZ
PAPI 05 RL®0
(c) 05 05 05
(d) 05 05
CVR 151550 CM-2 OK green lights are here
* Goldstein, E. B. 1989 . Sensation and perception 3" edition . Belmont, CA: Wadsworth

Publishing.
° 05
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eeoee |.
PAPI I
g
I
]
5
05L: CAT Il Runway 05R: Non-instrument Runway
2.5-3 05 05
06
05 05
05 05
05
05 05
2.5.7.5 05
2.3 05
1.10 N1 05
75 NP 249 N1 05
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175 61

400 600
05
PVD
05 05
05
05 CM-1 05
2.5.7.6 05
2.3
05
2.5.7.6.1 05
CM-1 05
CM-3
bright environment®?
05
63,64
NP 05
CM-1 05
L NP 05 249 (324-75) 05 05
214 (324-110) 05 05
139  (214-75) N1 05 05
139 4225 (1205 )+13.5 (05
62

)=175

% Jones, D. G. 1977. Self-fulfilling prophecies: Social, psychological and physiological effects of
3 experiences. Hillsdale, NJ: Lawrence Erlbaum Associates.

Eds.

4 Endsley, M. R. 2000. Theoretical Underpinnings of Situation Awareness: A Critical Review. In M. R.
Endsley; D. J. Garland . Situation Awareness Analysis and Measurement: Analysis and
Measurement. Mahwah: NJ. Lawrence Erlbaum Assoc.
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2.5.7.6.2

05

NP

05
45
60
10
05
05
SQ006
05

65

here

66

23:15:50 CM-2

05

45

05

05

05

PVD

05 06

N1

05

05

05

05

CM-2

60

185

05

05
66

05

05

OK green lights are

CM-1

65



2.5.7.7

NP CM-2
05
N1 05 CM-2
CM-1
N1
05 05 N4
N5 05
05
CM-1 CM-3
05
05
05 05
25.7.7.1
SQO006 confirmation bias
67
AC120-74

o7 Bainbridge, L. 1999 . Processes underlying human performance. In D.J. Garland, J.A.Wise, &
V.D.Hopkin Eds. , Handbook of aviation human factors pp. 107-172 . Mahwah, NJ: Lawrence
Erlbaum.

186



SQ006

CM-1

CM-1

05
CM-2 CM-3
NP
2.5.7.8
05
PVD
05
N1
05
05
05
2.5.8

contaminated

CM-1
CM-1
N1 05
05
05
CM-1
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05

05



747-400

7.6 mm/hr. 68 JAA

A runway is considered to be contaminated when more than 25% of the

runway surface area (whether in isolated areas or not) within the required
length and width being used is covered by the following®®:

Surface water more than 3mm deep, or by slush, or loose snow,
equivalent to more than 3mm of water,

Snow which has been compressed into a solid mass which resists

further compression and will hold together or break into lumps if picked
up (compacted snow); or

Ice, including wet ice.

311300z METAR 13.5 mm/hr
SQO006 22.50 mm/hr  METAR at 1500Z
ATIS Tango
JAA
1mm
747-400
1.5% 05
10 mm/hr 4.5 3 mm 70
05 SQ006
SQO006

%8 Lankford Terry, 2000 Weather Reports, Forecasts and Flight Planning, McGraw Hills, N.Y..
JAA, JAR-OPS 1, Commercial Air Transportation (Aeroplanes), Section 1, Subpart F, 1.480.
(Terminology).

! Yager, T. T. 1983 . Factors influencing aircraft ground handling performance. NASA Technical
Memorandum 85652.
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747-400 SQ006 16

747-400
SQ006
SIA 747-400 15 Knots
15 Knots
25.8.1
747-400
747-400 CM-1
Safety Margin
JAA
SQO006
747-400
2100
22.5mm
2.5.9
PVD
CM-2 05
PVD CM-1 CM-3 PVD
CM-1 Yeah, we gottaline up first CM-3 : We need 45 degrees CM-1
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Not on yet PVD, never mind, we can see the runway, not so bad

PVD CM-2
PVD CM-1 CM-3
2.59.1
71
1970
72
proficiency
check
Advanced Qualification Program
LOFT
2.5.9.2
™ International Civil Aviation Organization. 1992 . Flight crew training: Cockpit resource

management CRM and Line-Oriented Flight Training LOFT . Circular 217-AN/132, Human
Factors Digest No. 2 . Montreal, Canada: ICAO.

2 Wiener, E. L., Kanki, B. G., & Helmreich, R. L.  Eds. 1993 . Cockpit resource management.
San Diego, CA: Academic Press.
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SQ006

SQ006
PVD

CM-3
PVD

2.5.9.3

SQ006

PVD

PVD

747-400

191

CM-1

PFD

CM-3

CM-3

747-400

CM-3

PVD

PVD



2.5.10

1.17

PVD
747-400

2.6

2.6.1

PVD

192

PVD



2.6.2

2.6.2.1

747-400
25
2.6.2.2 4

90
4 5

2.6.3
2.6.3.1

747

FAR 25.810

156G

193

156G

90



2.6.3.2

2.6.4

26.4.1

1.1.9,1.1.10, 3.6.1, 9.2.3

15

4.1.6

194

ICAO Doc 9137

ICAO Doc 9137

3.6.3,



2.6.4.2

2.6.4.3

2.6.5

ICAO Doc 9137 3.7.1

ICAO Doc 9137 3.3.1 3.6.3

16 8 2 1 2

33

30
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2.7

2.7.1

AUTO

SQ006

SQ006

2.7.2
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SQ006

2.7.3

05 RVR sensor

200

Extinction Coefficient
Runway Light Setting Background Light

ASC-AIR-01-09-001

2.7.4

URGENT
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747-400

73

2.7.5

SQ006

SITA

73

Ground Handling Agreements, AHM810

198

IATA



SQ006

SQ006

self-briefing

SQ006

05

2.7.6

74

75

“ Young, S., and Jones, D. “Flight Testing of an Airport Surface Movement Guidance, Navigation,
and Control System.” In Proceedings of the Institute of Navigation National Technical Meeting.
. Long Beach, California, United States, January 21-23, 1998.
National Transportation Safety Board, Safety Recommendation Letter to the FAA Administrator,
A-00-66, July 6, 2000.
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JSAT 76
NASA

43% "

SQO006 ND

ASDE
ASDE

ASDE

SQ006

2.17.7

® As part of the FAA’ s “ Safer Skies” agenda, the Commercial Aviation Safety Team (CAST) formed
the runway incursion Joint Safety Analysis Team (JSAT) in October 1998.

e Bergman, Charles K. 2001. At the Breaking Point: The Ever-increasing Risk Associated With
Runwa¥hlncursions in the Rapidly Expanding Global Aviation Environment. Proceedings of the
FSF 54" annual International Conference. P. 215-220. Athens, Greece.

200



201



202



3.1

ATIS "Uniform”
2315:22
28 |/ 50 / 1.1;1.7
A0606
05
SQO006 05
1.18.2.6;2.5.2.1;25.3
SQO006 05
05 CM-1
CM-3 CM-1
05

203

2312:02
05 450
020
NOTAM
N4 N5
05
05
CM-2
11;1.18.1.1

05



05
5. SQO006
NP N1
Jeppesen
NP 90
180 05

1.18.1.1;2.5.2.2;2.5.4.3

6. CM-1
CM-1
05 1.18.1.1;2.5.7
7.
8.
N1 05
05
05
05 05
05 05
3.2
1.
1.10.4.2;2.3.3

05
20-9

05

204

1.18.1.1;25.3

05
N1

05

1.18.1.1; 2.5.6; 2.5.7

1.1;1.18.1;25

05

NP

05



1.10.4.2;2.3.3

1.10.4.2;
233
05
05 1.10.4.2; 2.3.3
05
05
1.10.4.2; 2.3.3
05
SQ006
05 N1
05
1.10.3.2.4:2.3.1.2.3
NP 05 N1 05
NP N1
05 16 75
4 30 55 116 138
1.10.3.2.4:2.3.1.2.2
N1 05 12
1.10.3.1.2;23.1.1
1.10.3.2.2; 1.10.3.2.3; 2.3.2
1.10.3.2.4
N1 05
1.10.3.1

05
1.10.5.1.1;23.1.21

1.10.5.1.2
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2.5.8

2.5.10

ASDE

ASDE

ASDE

SQ006

1.18.2.4;,2.4.2

1.17.9;2.35.2.1;2.3.5.3.2;2.3.6

1.17.9;2.3.6

1.17.10; 2.3.5.2.2

1.10.5.2
1.18.2.3;2.4.1
1.1;
1.18.1.1;25.7.1
30 /
747-400
747-400
PVD
1.18.5.1; 2.5.6.3.3
PVD 1.18.5.3;2.5.6.3.3
PVD

206

15

CM-1

1.18.4;

1.17.45;254

747-400

1.181.1.1

PVD

747-400
1.18.5.3;

1.18.1.1;



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

255

274

1.15

2.6.3.2

207

1.17.4.5;25.4.5
1.17.1;2.5.10
1.17.7;
1.2;1.15.1.3;1.15.1.4;26.1
CM-1 1.15.1.2;2.6.1
1.15.1.1
1.15.1;2.6.1
1.15.1; 2.6.3.1;
CM-2 CM-3 5
1.15.1.6
1.15.3.6;2.6.4.1
1.15.3.6;2.6.4.1
1.15.35;2.6.4.2
1.15.1.5;2.6.2.2
5
1.15.1.5;2.6.2.2

1.14.1.2;1.15.3.2;2.6.4.3



3.3

10.

11.

12.

13.

14.

15.

1.17.8;1.18.1.1; 2.1

2544

CM-1

2.1; 2:3

1.16.5;2.3.4

15;2.1
1.18.1.1;21
15;2.1
15;2.1
155;1.56;15.7;1.5.8; 2.1
1.6;2.1

SQ006

46%

1.18.3;2.5.2.2

747-400 1.18.1.1,

05 1.18.1.1;25.3

1.17.4.2;1.18.1.1;2.5.9.3

05 1.1;

05 1.12.5;
22% 18% 14% 1.2

31 48 76 64

12
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16.

1.12.2.2;1.16.3; 2.6.2

17.

1.13.2;2.6.5

18.

1.14.1.1;1.14.1.2

19.

20.

1.15.3.2;2.6.4

21.

1.15.3.2;2.6.4

22.

23.

24.2

24.

25

. SQ006

271

26.

27.

1.18.8;2.7.6

28.

1.17.2;2.7.7

1.13.3

209

ASDE

1.15.3.1

1.18.2.4;

1.17.10;2.4.2

1.11.1.13;

1.18.2.5;2.4.3
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4.1 4.2
4.2

AC120-74
-ASC-ASR-02-04-01

3.2-[13] -ASC-ASR-02-04-02

4.1
ASC-IFSB-00-11-001
1.
2.
3.
1.
3.1-[3~8];3.2-[16, 17, 22]
2.
3. PVD
747-400
19] -ASC-ASR-02-04-03
4.

3.1-[8]

211

PVD

PFD PVD
-ASC-ASR-02-04-04

CALLOUT

3.2-[18,



5. 3.1-[8];
3.2-[21] -ASC-ASR-02-04-05

6.
3.1-[3,4] -ASC-ASR-02-04-06
7.
3.2-[15] -ASC-ASR-02-04-07
8.
3.2-[24] -ASC-ASR-02-04-08
0.
3.2-[26] -ASC-ASR-02-04-09
10. 3.2-[25, 26,
27,28] -ASC-ASR-02-04-10
1.
3.1-[3~8]; 3.2-[13, 16, 17, 22] -ASC-ASR-02-04-11
2. PVD
747-400 PVD 3.2-[18, 19, 20]
-ASC-ASR-02-04-12
3.
3.2-[20] -ASC-ASR-02-04-13
4.
3.143, 4]
-ASC-ASR-02-04-14
5.
3.2-[15] -ASC-ASR-02-04-15
6.

3.3-[25] -ASC-ASR-02-04-16
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3.3-28]

1,
3.2-[12] -ASC-ASR-02-04-18
2. ASDE
-ASC-ASR-02-04-19
3.
-ASC-ASR-02-04-20
4.
-ASC-ASR-02-04-21
5.
-ASC-ASR-02-04-22
6.
10] -ASC-ASR-02-04-23
7.
3.2-[15] -ASC-ASR-02-04-24
8.
32,33] -ASC-ASR-02-04-25
0.
3.2-[36] -ASC-ASR-02-04-26
10.
3.3-19] -ASC-ASR-02-04-27
11.

213

-ASC-ASR-02-04-17

3.2-[7]

3.2-[8, 9

3.2-[8]

3.2-[6]

3.2-6, 7, 8, 9,

3.2-[6, 10, 31,



12.

13.

14.

3.3-26] -ASC-ASR-02-04-28
3.2-4,5,6,7,8,9,10] -ASC-ASR-02-04-29
3.3-27]

-ASC-ASR-02-04-30

3.227] -ASC-ASR-02-04-31

3.2-[23, 24]
-ASC-ASR-02-04-32
ASDE 3.2-10]; 3.3-[23]
-ASC-ASR-02-04-33
3.3-24] -ASC-ASR-02-04-34
3.2-[34] -ASC-ASR-02-04-35
3.2-29] -ASC-ASR-02-04-36
3.327] -ASC-ASR-02-04-37
3.3-[27]

-ASC-ASR-02-04-38

214



3.3-[26] -ASC-ASR-02-04-39

ASDE 3.2-[7]
-ASC-ASR-02-04-40

3.2-[3]
-ASC-ASR-02-04-41

3.2-[11] -ASC-ASR-02-04-42

3.2-[15] -ASC-ASR-02-04-43

3.2-[29,35] -ASC-ASR-02-04-44

3.327] -ASC-ASR-02-04-45

3.3-[27] -ASC-ASR-02-04-46

3.3-[27] -ASC-ASR-02-04-47

3.2-[25] -ASC-ASR-02-04-48

215



3.2-[34] -ASC-ASR-02-04-49

-ASC-ASR-02-04-50

3.3-[27] -ASC-ASR-02-04-51

3.225] -ASC-ASR-02-04-52

3.2-[35] -ASC-ASR-02-04-53

3.2-[29] -ASC-ASR-02-04-54

8 32[26] -ASC-ASR-02-04-55

3.2-[25] -ASC-ASR-02-04-56

#2001

4 20000231
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3.2-[29]

4.2

3.2-[35]

-ASC-ASR-02-04-57

-ASC-ASR-02-04-58

3.2-[26]

4. 1999

10. B777

12

747-400

79

-ASC-ASR-02-04-59

79

Take-off Runway Disagree Alerting Function
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11.

12.

AC120-74

AC120-74

Airport Certification Program Handbook

Annex 14

218



FAR
Part 139
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N1 05

05 /23 05/23
06/24
05/23
05/23 /
S1 S2
06/24
05/23
N1 N1 A
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1- A0606

NOTAM REPUBLIC OF CHINA
SUMMARY

1*T OCT 2000

NOTAM Summaries: The following NOTAMSs arc still in force at 0001 UTC st OCT 2000
TAIEET AND VICINITY
TAIPENC.K.S. INTL
ADG03-—-31 AUG 00
00081301 00/0011220100
TWY NP (FROM BAY A1 TO A3) CLSD DUE TO WIP
EME/TWY N4, N5 AND E REMAIN AVBL

Ale06----—-31 AUG "D
0009130100/0011228104
PORTION OF RWY 03R23L(BTN TWY N4 AND N5) CLSD DUE TO WIP
RME/TWY N4 AND N5 REMAIN AYBL

AQ621—-—-05 SEP '00
0809060 100/0010050100
RWY 24 LLZ ‘ICIN’ FREQ 111.8MHZ WITHDRAWN FOR INSTALLATION
OF NEW SYSTEM . :
KAOHSIUNG AND VICINITY
RCKH/KAQHSIUNG
A0130--— 14 MAR '00
WIL/UFN
OBST ELEV 171F1 AT 223434N 1202233F APRX PSN AT 96 DEG
MAG/0.6NM OF THR RWY 27R OBST LIGHTED

A0533—---10 AUG 00

GUN FIRING WILL TAKE PLACE AS FLWS:

1. AREA: 2225N, 2255N, 11925E, 11M45E

2. EFF: 2300-2400 DLY ON 14, L5 AUG, 19,20, 26, 27 SEP, 3,4, 17, 18, 24, 25

OCT

£000-0400, 0600-0900 DLY ON 15, 16 AUG, 20, 21, 27, 28 SEP, 4, 5, 8,
18, 25, 26 OCT

3. ALT: SFC UP TOQ Z00CFT

4. RMK: AIRSPACE BLOCKED

11




121.8 MHz
89 10 31

89 — 7537

uTC
CX 2043

14:53:26 SQ 006
14:53:35 SQ 006
14:53:38 ATC

14:53:40 SQ 006

14:53:47 ATC

14:55:46 ATC
SQ 006

14:55:51 ATC

14:56:03 SQ 006
14:56:06 ATC
14:56:38 ATC
14:56:43 SQ 006
14:56:45 ATC

14:57:03 SQ 006

14:57:16 ATC

14:57:19 SQ 006

DELIVERY, CX 2043 FL390 TO HONG KONG, 5
MINUTES RECEIVED “SIERRA.”

TAIPEI DELIVERY, GOOD EVENING, SQ 006.

TAIPEI, GOOD EVENING, SQ 006.

GO AHEAD, PLEASE.

SQ 006, POB IS 179, B-5, 5 MINUTES BEFORE TO
START FOR LOS ANGELES, REQUESTING FL330.

SQ 006, ROGER, CLEARANCE ON REQUEST.

SQ 006, DELIVERY.

SQ 006, GO AHEAD.

SQ 006, FOR YOUR INFORMATION, FL330 AIRBORNE
TIME AFTER 21 NEXT HOUR, TIME NOW 56, FL290
AVAILABLE, SAY INTENTION.

SQ 006 CAN ACCEPT FL290.

STAND BY.

SQ 006, COPY CLEARANCE FOR FL290.

SQ 006, GO AHEAD.

SQ 006, CLEARED TO LOS ANGELES AIRPORT, VIA
ANPU-3 DEPARTURE, KIKIT TRANSITION, A1, CROSS
BULAN AT FL290, MAINTAIN FL290, SQUAWK 2657.
CLEARED TO LOS ANGELES AP-3 DEPARTURE, KIKIT
TRANSITION, A1ICROSSBULAN AT 290, MAINTAIN 290,
SQUAWK 2657, SQ 006.

SQ 006, CLEARANCE READ BACK CORRECT,
CONTACT GROUND 121.7.

121.7, GOOD DAY, SIR, SQ 006.
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SQ006

CM-1 PF Channel 3

CM-2 PNF Channel 2

CM-3 OBS Channel 1

CAM Channel 4 P6 panel

RDO-2 CM-2 PNF

MAINT

TWR

GND

Cl1 004 Cl 004 (Dynasty zero zero four)

CX 2043 CX 2043 (Cathay two zero four three)

Cl1 004/CX 2043

*kkk

uTC
15:00:53 CM-1 PF Light up
15:00:54 CM-2 PNF Check
15:01:12 CAM (Sound similar to that of starter switch in)
15:01:12 CM-1 PF Fifty percent N two
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uTC

15:01:14

15:01:16

15:01:18

15:01:18

15:01:19

15:01:23

15:01:25

15:01:29

15:01:29

15:01:30

15:01:33

15:01:38

15:01:40

15:01:41

15:01:43

CM-2 PNF

CM-1 PF

MAINT

CM-2 PNF

CM-1 PF

CM-3 OBS

ATIS

CM-1 PF

CAM

CM-3 OBS

CAM

MAINT

CM-1 PF

CM-2 PNF

CX 2043

Valve closed
Starting Engine two
Roger, start two
OK Starting two

See if you can get...what's the latest weather. Can you write it
down What's the latest... ATIS eh

OK yah

Taipei international Airport information Tango one four five four
Zulu runway zero five left is in use. Runway zero six for departure
only expect ILS runway zero five left category two approach wind
zero two zero at three six gust five two visibility five hundred
meters, runway zero five left RVR four hundred fifty meters runway
zero six five hundred meters with heavy rain cloud broken two
hundred feet overcast five hundred feet temperature two one dew
point two zero QNH one zero zero one Hectopascal departure
frequency one two five point one caution wind shear on runway
zero five left final due to radio interference tower frequency change
to one two nine point three caution Taxiway November Sierra has
been remarked aircraft using November Sierra advise taxi slowly
with caution. Taxiway November Papa behind Alpha one and Alpha
three closed, runway zero five right between November four and
November five closed due to work in progress, Taxiway November
four and November five still available. Inform Taipei approach or

tower initial contact you have tango.

Write up... write behind here

Write up

| got it.

(Clicking sound -similar to the sound of chronometer resetting)
Number two N one rotation

Thank you

Oil pressure number two

Ground Cathay two zero four three request the wind and RVR of
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uTC

runway zero six

15:01:49 CM-1 PF Light up
15:01:49 CM-2 PNF Check
15:01:51 GND Cathay two zero four three runway zero six RVR five hundred fifty

meters and wind zero two zero at three eight gust five one

15:02:04 CM-1 PF Ok lah, this is better still, Fifty percent N two
15:02:04 CAM (Sound similar to that of starter switch in)
15:02:06 CX 2043 Cathay two zero four three

15:02:07 CM-2 PNF Valve closed

15:02:09 CM-1 PF Ok starting three

15:02:11 MAINT Roger start three

15:02:12 CM-1 PF Zero two zero better for us

15:02:13 CM-2 PNF Ya

15:02:14 CM-1 PF Starting three please

15:02:16 CM-1 PF So resolved already it become less

15:02:21 CAM (Clicking sound -similar to the sound of chronometer resetting)
15:02:31 CM-2 PNF Oil pressure number three

15:02:31 CAM (Clicking sound -similar to the sound of chronometer resetting)
15:02:33 CM-1 PF Roger N one

15:02:38 MAINT Number three N one rotation and set the brake
15:02:42 CM-1 PF Confirm set parking brakes

15:02:44 MAINT Yes

15:02:46 CAM (Sound similar to that of parking brake being set)
15:02:47 CM-1 PF OK light up

15:02:48 CM-1 PF Check, parking brake set

15:02:49 MAINT Roger

15:03:01 CAM (Sound similar to that of starter switch in)
15:03:01 CM-1 PF Fifty percent N two
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uTC

15:03:03

15:03:04

15:03:05

15:03:08

15:03:09

15:03:24

15:03:27

15:03:30

15:03:34

15:03:35

15:03:37

15:03:38

15:03:55

15:03:55

15:03:56

15:03:58

15:04:00

15:04:04

15:04.06

15:04:14

15:04:17

15:04:18

15:04:21

15:04:26

15:04:33

15:04:34

15:04:35

CM-2 PNF

CM-1 PF

CM-1 PF

MAINT

CM-1 PF

CAM

CM-2 PNF

CM-1 PF

MAINT

CM-1 PF

CM-1 PF

CM-2 PNF

CM-1 PF

CAM

CM-1 PF

CM-2 PNF

Cl 004

GND

Cl 004

GND

Cl 004

CAM

CAM

CM-1 PF

CM-1 PF

CM-2 PNF

CM-1 PF

Valve closed

Ya

Starting four

Roger, starting four

Ok start first, four

(Clicking sound -similar to the sound of chronometer resetting)
N one and oil pressure

Fuel on

Number four N one rotation

Thank you

Light up

Check

Zero two zero is better

(Sound similar to that of starter switch in)

Fifty percent N two

Valve closed

(Dynasty Zero zero four conversation with ground control)
(Ground control conversation with Dynasty zero zero four)
(Dynasty zero zero four conversation with Ground control)
(Ground control conversation with Dynasty zero zero four)
(Dynasty zero zero four conversation with Ground control)
(Clicking sound similar to that of chronometer resetting)
(Sound similar to that of seat motor)

Today can put on

Wait first huh

Ok

Ok cockpit to ground we normal start, remove ground equipment

hand signal thank you bye bye
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uTC

15:04:39

15:04:42

15:04:43

15:04:45

15:04:48

15:04:51

15:04:54

15:04:56

15:04:57

15:04:58

15:05:02

15:05:02

15:05:02

15:05:03

15:05:03

15:05:07

15:05:08

15:05:09

15:05:12

15:05:15

15:05:21

15:05:22

15:05:24

15:05:25

15:05:26

15:05:27

15:05:28

MAINT Roger all equipment removed standby left bye bye

CM-1 PF Ok

CM-1 PF What's the trim you got there, seven point...

CM-2 PNF Seven point six...

CAM (Unknown click sound)

CM-1 PF Seven point..., Waa pretty high huh today

CM-2 PNF Point six

CM-1 PF Ok thanks

CM-1 PF What's the.. ok.. ok

CM-30BS ... this is the latest zero two zero three six gust fifty two lah still
within limit

CM-1 PF Yah, zero two zero better

CM-3 OBS Yah

CM-1 PF More, more on head wind side

CM-3 OBS The rest no significant change

CM-1 PF Ok,

GND (Cathay two zero four three conversation with ground control)

CM-3 OBS Visibility and RVR still the same four fifty meters

GND (Ground control conversation with Cathay 2043)

CX 2043 (Cathay 2043 conversation with ground control)

GND (Ground control conversation with Cathay 2043)

CM-1 PF Ha ha Ok

CM-1 PF Ok after start check list

CM-2 PNF After start check, APU

CM-1 PF Off

CM-2 PNF Number four demand pump

CM-1 PF Auto

CM-2 PNF Anti-ice

3-5



uTC

15:05:29

15:05:29

15:05:30

15:05:31

15:05:32

15:05:32

15:05:33

15:05:34

15:05:34

15:05:35

15:05:36

15:05:42

15:05:43

15:05:44

15:05:45

15:05:47

15:05:48

15:05:50

15:05:50

15:05:51

15:05:52

15:05:53

15:05:55

15:05:57

15:06:08

15:06:09

CM-1 PF

CX 2043

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CAM

CM-2 PNF

RDO-2

GND

CM-2 PNF

CM-1 PF

Off

(Cathay 2043 conversation with ground control)
Aft cargo heat

On

Packs

Normal

Recall check huh

Check

Check

Trims

So we got seven point eight, err seven point six units, zero zero set.
Auto brake

Ok RTO

Ground equipment

Ok, your side gone already ah

Is he there, ok alright ok huh gone away

This guy that guy out this side on the right side
Ok huh

Ok, wah "terok" (terrible) man

Ok lights cabin going off

(Click)

Ok

Singapore six request taxi.

Singapore six taxi to runway zero Six via taxiway.., correction
runway zero five left via taxi way Sierra Sierra, West Cross and

November Papa.
| missed that man, what is it

Sierra Sierra West Cross and November Papa
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uTC

15:06:12

15:06:14

15:06:14

15:06:15

15:06:15

15:06:21

15:06:25

15:06:26

15:06:26

15:06:26

15:06:29

15:06:29

15:06:30

15:06:34

15:06:35

15:06:36

15:06:36

15:06:38

15:06:42

15:06:49

15:07:00

15:07:05

15:07:10

15:07:10

15:07:13

15:07:13

RDO-2

CM-1 PF

RDO-2

CM-1 PF

RDO-2

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-2 PNF

CM-1 PF

CM-2 PNF

GND

Cl 004

GND

CM-1 PF

CM-2 PNF

CM-1 PF

Cl 004

GND

CM-1 PF

CAM

Cl 004

CM-1 PF

CM-2 PNF

Taxi via Sierra Sierra

West Cross

West Cross

And November Papa

And November Papa for runway zero five left Singapore six
Sierra Sierra West Cross November Papa

Yah, so you go straight down.

Roger that

Hit West Cross, go across the West Cross then November Papa all

the way down ok

Ok

Then come down further south ah

Ok, alright

Ok, yes sir zero five..-----

(Ground conversation with Dynasty Zero zero four)
(Dynasty Zero zero four conversation with Ground)
(Ground conversation with Dynasty Zero zero four)
Ok, left is clear ah

Ok right side is.. clear, except for this vehicle-lah down here
Ok

(Dynasty Zero zero four conversation with Ground)
(Ground conversation with Dynasty Zero zero four)
Taxi slowly

(Sound similar to that of parking brake release)

Taipei ground from Dynasty Zero zero four, can we check out your

wind and RVR please.

OK turn left skidding right passing heading about zero two four zero

now

Checked
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uTC

15:07:16

15:07:21

15:07:25

15:07:25

15:07:27

15:07:28

15:07:33

15:07:38

15:07:40

15:07:40

15:07:43

15:07:47

15:07:49

15:07:49

15:07:52

15:07:53

15:07:55

15:07:56

15:07:56

15:08:04

15:08:06

15:08:07

15:08:08

15:08:09

15:08:10

15:08:11

GND

CM-3 OBS

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

Cl 004

CM-2 PNF

CM-1 PF

GND

Cl 004

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CAM

CM-1 PF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

Dynasty Zero zero four runway zero five left RVR is four hundred

fifty meters and wind zero two zero at two five and gust four one

Actually we have to nominate a return alternate because below

landing minimum
Landing mim...
Below landing minimum

Ah, because er Kaohsiung CAT two we still can go CAT two, no

problem.

CAT two lah, CAT two...

(Dynasty zero zero four conversation with Ground)
Still ok lah, CAT two

CAT two yah, you can look yah...five left huh
(Ground conversation with Dynasty zero zero four)
(Dynasty zero zero four conversation with Ground)
Can still take Kaohsiung you see

Kaohsiung is closed...the airport

Kaohsiung I think, is closed is it

We can take Naha or, yah | think CAT two...

But we are CAT two, we can still come back, we can still come back
Yah, yah

Ok, flaps twenty please.

(Sound similar to that of flap lever through the detent positions)
Ok checking rudder er

Full left

Full left

Center

Center

Ok full right

Full right
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15:08:12

15:08:13

15:08:14

15:08:24

15:08:27

15:08:27

15:08:29

15:08:30

15:08:40

15:08:47

15:08:50

15:08:50

15:08:54

15:08:55

15:08:56

15:08:58

15:09:02

15:09:03

15:09:06

15:09:07

15:09:07

15:09:08

15:09:09

15:09:15

15:09:19

15:09:22

CM-1 PF

CM-2 PNF

CM-2 PNF

CM-1 PF

CM-3 OBS

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-3 OBS

CM-1 PF

CAM

CM-1 PF

CM-2 PNF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-2 PNF

CM-1 PF

CM-2 PNF

CX 2043

CM-2 PNF

Center

Center

My controls checks ah

Hongkong is closed man, ha ha... worse
Hongkong closed ah

That’ s what he said not accepting any

| see

| think some people might have diverted there lah | think
Ok column coming back

If the RVR five left was two hundred right just now we checked
RVR yah two hundred

Correct, yah two hundred meters ah, ok lah
(Sound similar to that of seat motor)

Ok man before takeoff checklist

Roger sir

Before..takeoff checks, flaps

Twenty green

Twenty green

Flight control

Check

Check

EPR and speeds

Ok, EPR one point five two ah, Vee one, one forty two, Vee R one

five six and Vee two, one six nine set

EPR one point five two ah, Vee one, one forty two, rotate one five

six and Vee two, one six nine

(Cathay two zero four three conversation with ground control)

Speed set
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15:09:24

15:09:25

15:09:27

15:09:28

15:09:29

15:09:29

15:09:31

15:09:32

15:09:34

15:09:35

15:09:38

15:09:40

15:09:41

15:09:46

15:09:58

15:10:01

15:10:02

15:10:03

15:10:06

15:10:08

15:10:14

15:10:18

15:10:21

15:10:23

15:10:24

15:10:33

CM-2 PNF

CM-1 PF

CM-2 PNF

GND

CM-1 PF

CM-3 OBS

CM-1 PF

CX 2043

GND

CX 2043

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-3 OBS

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-1 PF

CM-3 OBS

CM-1 PF

CM-2 PNF

CM-3 OBS

Departure routing

Ok ah Taipei runway zero six left huh

Zero five left

(Ground control conversation with Cathay two zero four three)
Zero five left

Zero five left

And er we got Anpu three departure Kikit transition huh
(Cathay 2043 conversation with ground control)
(Ground control conversation with Cathay 2043)
(Cathay 2043 conversation with ground control)

Looks like I got to go..

Next one got to go right is it

Yah, go right turn right here, all the way to West Cross lah right turn

here

Runway is zero five left. Kikit transition initially two hundred ah level

alpha one squawk two six five seven, will be two nine zero by Bulan
A lot of rudder work man here.. really ah

Cross wind ah..

Yah

Transponder TA RA, set, checks down to the line

Ok, thanks.

West Cross correct, Sierra Sierra West Cross

Everybody waiting for each other for takeoff you see haha

The bugger heard us...er going...that fellow also

Yah, it is coming in ah, the longer they delay the worse it is lah

Yah, worse if we are going to get out, if don't take off ah.... | am

going to go very slow here, ok, because you going get skid
Ok nine knots

Ok, to catch the wind
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15:10:35

15:10:41

15:10:42

15:10:43

15:10:45

15:10:56

15:11:00

15:11:03

15:11:03

15:11:10

15:11:12

15:11:22

15:11:28

15:11:29

15:11:36

15:11:38

15:11:42

15:11:47

15:11:49

15:11:52

15:11:54

15:11:55

15:11:56

15:11:59

CM-2 PNF

CM-2 PNF

CM-3 OBS

CM-1 PF

CM-2 PNF

CAM

CM-2 PNF

CM-1 PF

CM-3 OBS

CM-2 PNF

CM-1 PF

CM-1 PF

CM-3 OBS

GND

CX 2043

GND

CX 2043

CX 2043

CM-1 PF

GND

CX 2043

CM-3 OBS

CM-1 PF

CM-3 OBS

That's all the moisture
Turning left skidding er turning right err skidding left two seven zero
The weather radar will be all red ha ha

Ok, passing ah two eight zero now, ah needles tracking and turn
right skidding left now ah, past heading of about two.. three

hundred now ah
Yah that's right ah
(Sound of clicks)

My speed excursion is more than the left side, because the wind is

coming from here

Ah, yah

Your pitot on the other side ah ...just pick up
Roger that

For the takeoff use autopilot better

Typhoon man, ok tomorrow the guys coming in will be "terok"

(terrible) man

Yah, tomorrow morning Singapore five

(Ground control conversation with Cathay two zero four three)
(Cathay two zero four three conversation with ground control)
(Ground control conversation with Cathay two zero four three)
(Cathay two zero four three conversation with ground control)
(Cathay two zero four three conversation with ground control)

The five left also imp..imp.. improve already the visibility to five

hundred fifty meters

(Ground control conversation with Cathay two zero four three)
(Cathay two zero four three conversation with ground control)
Five left..wait ah

Ya, the guys said improved already went up

Now is four fifty
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15:12:00

15:12:01

15:12:02

15:12:06

15:12:07

15:12:10

15:12:10

15:12:17

15:12:20

15:12:21

15:12:22

15:12:23

15:12:23

15:12:24

15:12:25

15:12:26

15:12:33

15:12:38

15:12:41

15:12:47

15:12:47

15:12:56

CM-1 PF

CM-2 PNF

ATIS

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

CM-2 PNF

GND

CAM

CM-1 PF

CX 2043

CM-2 PNF

CM-1 PF

CM-2 PNF

GND

CAM

CX 2043

CAM

CAM

GND

CM-3 OBS

Just now the guys ask him over the tower
Yah

Taipei Chiang Kai Shek International Airport information uniform
one five zero zero zulu runway zero six for departure only runway
zero five left for category two approach and departure wind zero
two zero at three six gust five six visibility six hundred meters
runway zero five RVR four hundred fifty meters downward runway
zero six RVR five hundred fifty meters downward with heavy rain
cloud broken two hundred feet overcast five hundred feet
temperature two one dew point two zero QNH one zero zero one

Hectopascal

Coming up er.. November Papa eh..

Ok, all the way down left turn all the way down
Left ah

Yah

One two five one departure

(Ground control conversation with Cathay 2043)
(Sound similar to that of radio frequency selection)
Ok, first left

(Cathay 2043 conversation with ground control)
Affirm first left

Left

Left

(Ground control conversation with Cathay 2043)
(Sound similar to that of seat motor)

(Cathay 2043 conversation with ground control)
(Sound similar to that of nose gear scrubbing)
(Sound similar to that of nose gear scrubbing)
(Ground control conversation with Cathay 2043)

The latest QNH is one zero zero one
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15:12:56

15:12:58

15:13:02

15:13:13

15:13:25

15:13:28

15:13:33

15:13:38

15:13:44

15:13:46

15:13:47

15:13:48

15:13:54

15:13:56

15:14:05

15:14:08

15:14:18

15:14:20

15:14:21

15:14:31

15:14:35

15:14:40

15:14:41

15:14:42

15:14:44

15:14:47

CM-2 PNF

GND

RDO-2

CM-2 PNF

RDO-2

TWR

RDO-2

TWR

CM-1 PF

RDO-2

CM-1 PF

CM-3 OBS

CM-1 PF

CM-3 OBS

CM-2 PNF

CM-1 PF

CM-1 PF

CM-3 OBS

CM-1 PF

CM-3 OBS

CM-2 PNF

CM-2 PNF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

Clearing that huh
Singapore six contact tower one two nine point three, good day.
One two nine point three good day sir, Singapore Six.

One zero zero one one two nine point.. one two nine point three

Taipei Tower, good evening, Singapore Ssix.

Singapore six, good evening, Taipei Tower hold short runway zero

five left.
Hold short runway zero five left, Singapore six.

Singapore six, for information now surface wind zero two zero at

two four, gust four three, say intention.
Gusting four three ah

Thank you sir, Singapore six.

Ok, ok better less

Less, less gust already

Zero two zero it's from left lah

Two four gust four three

Zero two zero

Ok this one will be here ah

Zero two zero

Ya, left lah

Go right to the end of the runway, end of the runway then turn, ok.
Quite a bit of aileron for the takeoff
OK

The next one

Next one is November one

Ok second right

Second right, that’s right

In Australia, to them, next one is this, first one you know
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15:14:50

15:14:51

15:14:52

15:14:53

15:14:55

15:14:58

15:15:02

15:15:04

15:15:08

15:15:12

15:15:12

15:15:15

15:15:20

15:15:21

15:15:22

15:15:30

15:15:31

15:15:34

15:15:37

15:15:38

15:15:39

15:15:40

15:15:44

15:15:45

15:15:46

15:15:47

CM-2 PNF

CM-1 PF

CM-1 PF

CM-1 PF

CM-2 PNF

CM-1 PF

RDO-2

TWR

RDO-2

CM-2 PNF

CM-1 PF

CM-2 PNF

CAM

CAM

TWR

RDO-2

CM-1 PF

CM-2 PNF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-2 PNF

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-1 PF

Next one this one

Yah..ha ha

Australian

| think the best is to say second right ah first right second right ah
Clearing that Satvoice

Tell them we are ready lah

Singapore six ready.

Singapore six roger, runway zero five left, taxi into position and

hold.

Taxi into position and hold, Singapore six
| get them seated ah

Ok below the line please ...yah

Cabin crew to your takeoff station thanks
(Sound similar to that of door closing)
(Sound of chime)

Singapore six, runway zero five left, wind zero two zero at two eight,

gust to five zero, cleared for takeoff.

Cleared for takeoff, Runway zero five left Singapore six.
OK man

OK checks below the line, cabin announcement complete
Packs

Ok norm eh

Norm

Strobes on, landing lights all on

Takeoff clearance

Obtained hah

Obtained sir

OK thanks
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15:15:48

15:15:50

15:15:50

15:15:52

15:15:53

15:16:07

15:16:10

15:16:12

15:16:15

15:16:16

15:16:23

15:16:27

15:16:30

15:16:31

15:16:33

15:16:37

15:16:37

15:16:37

15:16:43

15:16:43

15:16:44

15:16:44

15:16:54

15:16:54

15:16:54

CM-2 PNF

CAM

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-2 PNF

CM-1 PF

CM-3 OBS

CM-2 PNF

CM-1 PF

CM-1 PF

CM-2 PNF

CAM

CM-2 PNF

CM-1 PF

CM-3 OBS

CM-1 PF

CM-2 PNF

CM-3 OBS

CM-2 PNF

CM-1 PF

CAM

CM-3 OBS

CM-2 PNF

CM-1 PF

Before takeoff checklist completed
(Sound of click)
OK green lights are here

It going to be very slippery | am going to slow down a bit, slow turn

here

Turning that

And the PVD hasn't lined up ah
Yeah we gotta line up first

We need forty five degrees

| see, excellent man

Yah

Not on yet er PVD huh never mind we can see the runway, not so
bad. Ok, | am going to put it to high first. OK ready eh, so zero one

zero is from the left lah Ok

Ok

(Sound similar to that of wipers going to high speed)
Ready sir zero two zero check ok

Left wing into aileron, left aileron into wind. Huh OK Cabin reported
eh.

Yah cabin is ready.

Ok thanks

Yup thanks

Ok —thrust ref toga toga

Thrust ref toga toga

Ok —thrust ref toga toga

(Sound similar to that of engines spooling up)
Hold

Hold

Roger

3-15



uTC

15:16:55

15:16:55

15:16:56

15:17:13

15:17:13

15:17:16

15:17:17

15:17:18

15:17:18

15:17:22

CM-3 OBS

CM-2 PNF

CM-1 PF

CM-2 PNF

CM-3 OBS

CM-1 PF

CAM

CAM

CAM

Eighty knots

Eighty knots

Ok my control

Vee one

Vee one

***x gomething there

Sound of the first impact
stk AR

Sound of a series of impacts

End of Recording
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6 - BOEING 747-400 AFM PVD SUPPLEMENT

BOEINEG 787 - 08
AIRPLANE FLIGHT MANUAL

SECTICN 3 - NORMAL AND ABNOEMAL PROCEDURES

Procedures contained in Section 3 of the basic manual are
supplemented by the following:

PARGA VISUAL DISPLAY (P ¥ D)

The runway lighting is the primary means of guidance during

takeoEf. The PVD syvstem can be used as a reversionary source of
guidance to the localizer centerline during periods of reduced
visipility. The direction of the streaming display is the
direction to steer to acquire and maintain the localizer centerline.

The flight crew sheuld confiem that when the PVD ig Zelected ON,
the display streams right, left and then stops momentarily. The
display will then eilther provide guidance to the localizer
centerline or will shutter dependent upon whether the airplane is
in a position for takeoff or not.

The PVD system monitoring will not unchutter the display and
provide guidance unless sufficient equipment is available. The
minimum requirement for PVD operations is an active display for the
flying pilot.

Section 3 ChAE
CARS AFPPROVED DETI000L Tage 1 SUFPL. 1
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35 |Section 3.3 Finding 2 AC
36 |Section 3.3 Finding 5 R
37 |Section 3.3 Finding 10 AC
38 |Section 3.3 Finding 15 A
39 [Section 3.3 Finding 23 R
40 ([Section 4.1 Recommendation to SIA, Point 1 AC
41 |Section 4.1 Recommendation to SIA, Point 2 AC
42 |Section 4.1 Recommendation to SIA, Point 3 R
43 |Section 4.1 Recommendation to SIA, Point 4 AC
44 |Section 4.1 Recommendation to SIA, Point 5 A
45 |Section 4.1 Recommendation to SIA, Point 6 AC
46 |Section 4.1 Recommendation to SIA, Point 7 R
47 |Section 4.1 Recommendation to SIA, Point 8 AC
48 [Section 4.1 Recommendation to SIA, Point 9 R
49 |Section 4.1 Recommendation to SIA, Point 10 AC
50 |Section 4.1 Recommendation to SIA, Point 11 A
E 51 |Section 4.1 Recommendation to CAAS, Point 1 R
E 52 |Section 4.1 Recommendation to CAAS, Point 2 R
53 |Section 4.1 Recommendation to CAAS, Point 3 R
54 [Section 4.1 Recommendation to CAAS, Point 4 AC
55 |Section 4.1 Recommendation to CAAS, Point 5 AC
56 |[Section 4.1 Recommendation to CAAS, Point 6 AC
57 |Section 4.1 Recommendation to Singapore Government R
58 [Section 4.1 Recommendation to CAA, Point 1 A
59 [Section 4.1 Recommendation to CAA, Point 7 AC
60 |Section 4.1 Recommendation to CAA, Point 9 R
61 |[Section 4.1 Recommendation to CAA, Point 10 PA
62 |Section 4.1 Recommendation to CAA, Point 11 AC
63 |Section 4.1 Recommendation to Boeing, Point 1 A
64 |Section 2.6.1 AC
65 |[Section 2.6.4 R
o | 66 |[Section 1.12.2.3.2 (3 issues) R
5 67 |Section 1.15.1.1, Para 3 A
“"| 68 |section 1.15.1.1, Para 6 PA
69 |[Section 1.15.1.1, Para 7 PA
70 |[Section 1.15.1.1, Para 3 R
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143 |Section 2.5.8.2 Para 5 R
144 |Section 2.5.8.2 Para 6 R
145 [Section 2.5.8.2 Para 10 A
146 |Section 2.5.8.3 Para 1 A
147 |[Section 2.5.8.4 Para 2 R
148 |Section 2.5.8.4 Para 4 R
149 |[Section 2.5.8.5 Para 3 A
150 [Section 2.5.9 Para 1 AC
151 |Section 2.5.9 Para 9 R
152 |Section 2.5.9.1 Para 3 R
153 [Section 2.5.10 Para 1 AC
154 [Section 2.5.10.1 Para 3 R
155 [Section 2.5.10.1 Para 1 R
156 |Section 2.5.10.1 Para 3 R
157 [Section 2.5.10.3 Para 1 AC
158 [Section 2.5.11 Para 6 R
159 [Section 2.6.1 Para 1 A
160 [Section 2.6.1 Para 2 R
161 [Section 2.6.3.1 Para 2 R
162 |[Section 2.6.3.1 Para 3 AC
163 |[Section 2.6.5 Para 3 PA
164 |[Section 2.7.3 Para 1 A
165 [Section 2.7.4 Para 3 AC
166 |Section 2.7.4 Para 4 PA
167 |Section 2.7.4 Para 6 R
168 |Section 2.7.4 Para 7 R
169 |[Section 2.7.5 Para 4 A
CAA
1 |Section 1.1 R
2 |[Section 1.3 PA
3 |Section 1.4 R
4 |Section 1.5.1 A
5 |Section 1.5.2 A
6 |Section 1.5.3 A
7 |Section 1.7.2 issue 1 R
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44 |[Section 2.3.1.2 R
45 |Section 2.3.2 R
46 |Section 2.3.3 R
47 |Section 2.3.5.2.1 A
48 |Section 2.3.6 issue 1 R
49 [Section 2.3.6 issue 2 PA
50 |Section 2.4.1issue 1 PA
51 |Section 2.4.1 issue 2 R
52 [Section 2.4.1issue 3 A
53 |Section 2.4.2 issue 1 R
54 |Section 2.4.2 issue 2 R
55 |Section 2.5.2.1 R
56 |Section 2.5.4.1 PA
57 |Section 2.5.4.2 A
58 [Section 2.5.4.3 A
59 |Section 2.5.4.5 R
60 |[Section 2.5.5 R
61 |[Section 2.5.6.1 A
62 |Section 2.5.6.3.3 R
63 |Section 2.5.7.1issue 1 A
64 |[Section 2.5.7.1 issue 2 A
65 |[Section 2.5.7.2.1 PA
66 |Section 2.5.7.2.2 issue 1 PA
67 |[Section 2.5.7.2.2 issue 2 R
68 |Section 2.5.7.2.3 issue 1 PA
69 |[Section 2.5.7.4 issue 1 A
70 |[Section 2.5.7.4 issue 2 PA
71 |Section 2.5.7.5 R
72 |[Section 2.5.7.6.1 R
73 |Section 2.5.7.6.1.1 R
74 |Section 2.5.7.6.1.2 issue 1 R
75 |[Section 2.5.7.6.1.2 issue 2 PA
76 |Section 2.5.7.7 issue 1 R
77 |[Section 2.5.7.7 issue 2 PA
78 |[Section 2.5.7.7.1 issue 1 A
79 |[Section 2.5.7.7.1 issue 2 PA

7-9




80

Section 2.5.7.8 issue 1

81

Section 2.5.7.8 issue 2

82

Section 2.5.8

83

Section 2.5.8.1

84

Section 2.5.8.2 issue 1

85

Section 2.5.8.2 issue 2

86

Section 2.5.8.3

87

Section 2.5.8.4

88

Section 2.5.9

89

Section 2.5.9.1

90

Section 2.5.10

91

Section 2.6.1

92

Section 2.6.4.3

93

Section 2.7.2

94

Section 3

95

Section 3.1 Finding 1

96

Section 3.1 Finding 4

97

Section 3.1 Finding 5

98

Section 3.1 Finding 6

99

Section 3.1 Finding 7 issue 1

100

Section 3.1 Finding 7 issue 2

101

Section 3.2 Findings 1 & 2 issue 1

102

Section 3.2 Findings 1 & 2 issue 2

103

Section 3.2 Finding 4

104

Section 3.2 Finding 5

105

Section 3.2 Finding 8

106

Section 3.2 Finding 9

107

Section 3.2 Finding 11

108

Section 3.2 Finding 13 issue 1

109

Section 3.2 Finding 13 issue 2

110

Section 3.2 Finding 14

111

Section 3.2 Finding 16

112

Section 3.2 Finding 18

113

Section 3.2 Finding 23

114

Section 3.2 Finding 25

115

Section 3.2 Finding 31

7-10




116

Section 3.2 Finding 32

117

Section 3.2 Finding 33

118

Section 3.2 Finding 36

119

Section 3.3 Finding 12

|00

120

Section 3.3 Finding 18

5
>

121

Section 3.3 General

>
@]

122

Section 4 Recommendation to CAA Point 2

123

Section 4 Recommendation to CAA Point 7

124

Section 4 Recommendation to CAA Point 11

125

Section 4 Recommendation to ICAO Point 1

126

Section 4.2

127

Section 4.2 Point 3

128

Section 4.2 Point 5

129

Section 4.2 New ltem 6

> > |> (>0 [(>|>|0

7-11




1.2

ANg
g

$ National Transportation Safety Board
g i Washingtan, D.C. 20594

Offica of Avistion Safaty

WATHG,
R

25 March 2002

Dr, Kay Yong

Managing Director

Aviation Safety Council

16th Floor, 99 Hsing North Road
Taipei, 105

Taiwan R.0.C,

Dicar Kay,

Enclosed please find the U.S. team’s comments to the “Final Drali” of the investipation of
SQ006, the Singapore Airline Boeing 747-400 that crashed on takeolf from CKS Alrport,
Tacyuan, Taiwan on October 31, 2000,

A National Transportation Safety Board (NTSB} Accredited Representative and staff participated
in the investigation and two follow-up meetings as the state of manufacture of the accident
airplane, a Bosing 747-400, SQ006, that was involved in the scenario of the sccident. Advisors
from the Federal Aviation Administration (TAA), the Boeing Company, and Pratt & Whitney
(the engine manufacturer) also participated. We wish Lo express our appreciation for the level of
participation afforded to our team, We also wish to congratulate the Aviation Safery Council
(ASC) for the excellent job of conducting the investigation and the ample consideration given to
all the parties involved.

NTSH staff that participated in the investigation has reviewed the complete draft report. In
addition, Boeing personnel that participated in the investigation have submitted comments to the

LS. Accredited Representative,

The report makes a determined effort to examine all unsafe acts, unsafe conditions, and safety
deficiencies that were likely to have operated in the accident. It seems especially appropriate that
the report explored issues related to both flight erew and airport, since both include significant
factors likely to have contributed to the overall system deficiencies.

From a human performanee viewpoint, the Taiwsan Aviation Safety Council {ASC) may wish to
consider an additional area of recommendations: the implementation of cockpit surface moving
map displays, Current technology makes such displays possible and, for several reasons, they
thay represent the single most effective method of preventing a recurrence of this accident.

A cockpit surface moving map display is a navigation aid that would display in the cockpit the

airplane’s exact position (determined by Global Positioning System (GPS) satellite navigation)
superimposed on a map of airport surface features including all ronway, taxiway, and terminal
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areas, The airplane depiction would move as the Tight navigated along taxiways and runways on
the airport surface, portraying visually information that is now provided in a less complete format
in such resources as paper charts and progressive taxi instructions. The human value of a moving
map display s that it integrates a variety of complex data into a clear, precise, and infuitive
representation of aircraft position with reference to a pre-planned course, allowing the pilot to
maintain a mental picture, especially in low visibility conditions,

Such moving map displays have been used with great success and indusiry acceptance to depict
airborme navigation information. One anthority on automation bas suggested, with regard to
cockpit moving map displays already implemented, that .. .no single feature has mitigated flight
crew cognitive workload as much as these new displays, and it is probable that no technological
ndyance has done as much to make the modern airplane more ervor-resistant than its
predecessor.™  Research confirms that an electronic map display, if’ extended to navigation on the
girport surface, can significantly decrease navigational emors such as wrong tums: in Tow
visibility conditions.

An additional safety feature of the cockpit surface moving map display is that, in the funre, it
might provide the basis for a complete ground movement safety system. One upgrade to the
system, enabled by data link technology, would add traffic information concerning all other
aircraft and surface vehicles at the airport (equipped with & compatible system or transponder),
Another upgrade would provide graphical depiction of Notices to Airmen (NOTAM)
information, for example overlaying a different color on part of a runway closed for construction.
Such upgrades are being currently developed. However, implementation of a basic surface
moving map display as a basis for a ground movement safety system should not be delayed.
Many airport ground movement safety problems involve pilots becoming lost on the airport, as in
the present accident, The current technology displays, with GP'S location of own aircrall, have
immediate safety benefits in that they do not have Lo wait for an enabling technology or
widespread user implementation and can help pilots avoid airport “hot spots” and closed runways
and taxi in bad weather,

A cockpit surface moving map display tay have prevented the present accident, giving the flight
crew a source of precise, current location information to build a mental picture of their route to
an unfamiliar runway. [t would have provided a direct, timely warning to the flight crew that
would not have been available with a control tower radar system such as the Airport Surface
Detection Equipment (ASDE), which would require significant time for the controller to detect
and identify the safety problem. determine the necessary action, and establish radio contact with
the crew as well as for the flight crew to react and take evasive action. 1t would have provided
more complete and sccessible navigation information, regardless of visibility conditions, than
progressive laxi instructions,

Therefore, from a human performance perspective, the ASC may wish to consider

recommendations such as the following:

Ta the Bocing and Airbus Companies;
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1. Incorporate cockpit surface moving map displays into all newlv-cerlified aircrafl,
2, Develop retrofit installation options for cockpit surface moving map displays in all
previgusly certified aircrafi.
To International Civil Aviation Organization (ICAO):

1. Encourage all member states to survey major airport environments to develop a suitable
database for display on a moving map multifunetion display;

To the airline industey:

1. Eguip all company aircraft with cockpit surface moving map displays

Specific comments from the Safety Board’s operations staff were made to an electronic copy of
the “Final Drafl” and therefore to large to send electronically with this letter. They have been
included on a disk and printed out and sent under separate cover with this letter.

Comments from the Boeing Company have also heen included as an attachment to the electronic
version and sent under separate cover with the letter.

Pratt and Whitney had no comments 1o make regarding the ‘Final Draft’.

Thank you again for inviting the safety board to present these comments before your staff and
board members and we are sorry that we cannol be there for the formal presentation. We all
realize how important this investigation is to the ASC and to aviation safety throughout the
world,

With best regards,

Wu;ﬁ&“_ﬂ

Alfred W, Dickinson
Accredited Representative, NTSB, TSA

=)
17394, pdr
Attachment: Boeing comments
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7.3

Australian Transport Safety Bureau
15 Mort Bireat, Civie ACT 2601 Australla
PO Box 867, Civic Square ACT 2608
Telephone: + 81 2 E274 5484

Facsimile: + 61 2 6274 6599

Mobide: #5612 417 660 124

E-mazil: slan.stray@aish.gov.au

W alsh.nov.a0

Dr Kay Yong

Managing Director

Aviation Safety Council

16" Floar, 99 Fu-Hsing North Road
Taipei 105

Taiwan, R.0.C,

Dear Dr Yong.

SINGAPORE AIRLINES FLIGHT 046, BOEING 747-400,
REGISTRATION 9V-5PK, CKS AIRPORT, TAOYUAN, TAIWAN,
3 OCTOBER 2000

Thank vou for vour letier and final drafl report of the accident involving Singapore
Airlines  Limited Boeing 747400, registration 9V-SPE. which collided with
construction equipment on Rumway 05K at Chiang Kai-Shek International Afrport.
Taiwan, on Oetober 31, 2000,

Ag the Australian accredited representative, my advisers and | have reviewed the draft
final report of the accident in accordance with the provisions of paragraphs 6.3 and 6.4
to Annex 13 (Ninth edition. Tuly 2001) of the Convention on International Civil
Avintion. We find the report thorough and the conclusions fully supported by the lactual
content, We also note that you have propesed recommenduations aimed al preventing
similar pecidents in the fumre, Our detailed comments are noted below,

With respect 1o the following paragraphs of the report, we suggest thar the paragraphs
be amended as follows to ensuree the meaning of the statements is correct:

* Executive Summary and Part 3
Findings related to probable causes

ATSE suggests that finding 7, bullet poinl 9, be altered from
the incorrect term Parallel Visual Display (PYD) to the
correct term Parn-Visual Display (FVD),

COMMONWESLTH DEPARTMENT DF TRANSPORT AND REGIDMAL BEAVICES ABM 86 287 354 047

7-15



o BExecutive Summary and Parl 3
Findings related to risk

ATSB suggests that finding 8 be deleted for the reasons cited
in comments associated with section 2.3.8.4 - Taxiway
Lighting Issnes. (See comments page 6)

e Executive Summary and Part 3
Findings related to risk

ATSB suggests that ASC rewrite finding 16, dot point 7 to form a
stand alone finding with respect to runway closed warning/alert
markings/indicators, and review the significance of the finding to
ensure that it is given appropriate status with respect to findings
related to probable canses and findings related to risk.

s Executive Summary, Part 1 and Part 3
{Other findings

ATSH suggests that other finding 15 and the text in section 1.13.3 from
which it is drawn, indicate that while there was no alcohol or

drug testing of the three flight crewmembers of SQU06 after the
accident, there was no evidence to suggest that alcohol or drugs

were factors in the accident,

& Executive Summary and Part 4
Recommendation 3 to Singapore Airlines

ATSB suggests that recommendation 3 be amended to state:

Review the adegquacy of current SIA PVD training and
procedures and ensure that SIA decumentation and
eperational practices reflect the CAAS approved B747-400
AFM PYD supplement, which stated that the PYD “will
shutter dependent upon whether the airplane is in a position
for takeoff or not™., (3.2-[9, 10])
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e [Exccutive Summary and Part 4
Recommendation 10 to Singapere Airlines

ATSD suggests that recommendation 10 be amended to state:

Review its procedures and training for the crew to
effectively handle diversitied emergency situations. (3.2-[24,
25, 26, 27]).

o Partl
Section 1.10.3.1.2 Taxiway centerling marking

The picture/diagram Figure 1.10-6 is missing,.

= Parl
Section 1.17.4.1 Crew Resource Management

Paragraph 4, line 4:

They sometimes discuss the ATC principles and critique the crews on
the CRM issues during flight or simulator checks debricfings.

ATSB suggests that the term ATC principles be clarified.

e Parl
Sections 1.18.1.3.1 through to 1.18.1.3.4

ATSB suggests that a clear summary statement of the
evidence, which indicates whether the Runway 05L
approach lights, touchdown zone lights, runway edge and
centerline lights, and PAPI were on for SQ006’s departure is
needed, On the evening of the accident, other flight crews
had reported that all Rupway 05L approach and runway
lighting was illuminated for their departure but the
controllers statements indicate uncertainty about the status
of the Runway 051 CAT II approach lighting for SQ006’s
departure.
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The RVR printout of the Runway 05L lighting system status
revealed that the lights were powered on about 2313 LT
(aboul 4 minutes before the accident). There are
implications for analysis section 2.5.5 (Before take-off check)
und section 2.5.7.4 (Runway difference issues). The factual
is not clear on whether all Cat IT lighting for Runway 05L
had been illuminated before SQ006 turned from taxiway NP
through taxiway W1 onfo Runway 05R.

s FPartil
Section 1.18.7 Navigation Display (ND)

ATSB suggesis that a concluding statement be added as
follows:

The investigation team was unable to determine what range
had been set on the Navigation Display prior to er on
runway line-up.

s Part |
Section 1.18.8.2 Videotapes provided by CKS Airport Otfice

ATSB suggests that a concluding statement be added as follows:

No Runway 05R lights were visible from either CKS airport
camera 77 or eamera 92,

e Pail
Section 2.5.6.4 Heading Indicators

For accuracy, ATSB suggests the following amendment to
replace paragraph 1 text commencing at line 5 (sentence 3):

When the aireraft completed the turn from Taxiway NP
onto Taxiway N1, the flight crew needed te maintain a
heading of about 320 degrees magnetic for about 270 meters
to reach the turn lead-in for Runway 05L. Instead of
making a 90 degree turn from NP onto N1 as the airport
chart indicated, CM-1 turned the sircraft through 180
degrecs as it traversed from a heading of about 230 degrees
magnetic to a heading of about 050 degrees magnetic onto
Runway 05R.
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s Part2
Section 2.5.7.1 Markings and signage

ATSB suggests that the last paragraph be amended after the
word pasition, line 2, to state:

Beased on the above evidence, the Safery Council has coneluded
that i the flight erew had loaked for the rirrway markings and
signage 1o locate their position, they wounld normally have
heen ahle to see that information to help them to navigate
the aireraft to the correct runway. On the other hand, if the
flight crew was not able to clearly see runway markings and
signage because of the degraded visibility during the last
phase of the taxi from NP threugh N1 onto Runway (5R,
they could have considered alternatives. For example, the
erew could have requested some assistance from ATC to

verify their position.

e Panl
Section 2.5.7.5. Runway 051 Guard Lights

ATSE suggests that the report should explain in detail how
the figure of 175 meters was derived in the following
statement: The crew wonld have kad the guard lights in front
of them for a taxi distance of 175 meters before the turn from
Taxiway NI onio Runway 05R. Suggested text could include:

The distance from NP centerline to the theoretical location
of DSL runway guard lights is 249 meters (324-75). The
distance {from runway 05R centerline and 051 ecenterline is
214 meters (324 - 110). The crew taxied 110 meters along N1
as they turned from NP onto 05R. The distance between the
O5R centerline and theoretical location of 05L runway guard
lights is 139 meters (214 - 75). The intersection of N1 turn
onte Runway 05R to theoretical location of 05L guard light
is about 139 meters + 22.5 meters (half the width of Runway
5R) +13.5 meters (shoolder of I5R) = 175m.
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Part 2

Section 2.5.8.4 Taxiway Lighting [ssues

CM-1 was asked how he hod mode o continuous ture onto Rumweay 058

from NP when the airport chart clearly showed Taxiway NI av a

straight line of 214 meters to Runway 05L.

ATSB suggests that the report be amended o reflect the
correct distances as in the suggested amendment for 2.5.7.5
ahave:

The distance between the NP centerline and the Runway 051
centerline is 324 meters as per Fignre 1.10-2. The distance
from the Runway 05K centerline and 05L centerline is 214
meters.

Additional ATSB comment on the *follow the green® hypethesis:

However, at CKS airport if the crew had followed the green, the
failure would have heen safe. They wonld either have followed the
green lights down Runway 05R until they realized their error, or
they would have approached the lighted barriers at low speed. In
this case, once the erew was convinced they had reached the take-
off runway they commenced the takeoff. Whether the “follow the
green’ fabit was triggered during the turn from NP onte 05R
cannot be determined with complete confidence, The crew
reported following the green during the turn from NP through
taxiway N1 onto Runway 05R. There are sufficient alternative
cxplanatory mechanisms discussed in the report with respect to

such an action.
Part2
Section 2.5.9 Water-affected Runway issues
Last sentence of paragraph 4 is not correct. 1t should read:

A pilot must assess all runways since all runways are nof the
SAame.
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e Partl
Section 3.2 Findings related to risk

ATSB suggests that finding 8 be deleted for the reasons cited
in comments associated with section 2.5.8.4 - Taxiway
Liglhting Issues.

= Parld
Fecommendations

ATSH suggests that the following additional
recommendations be made at Part 4 of the report and
included in the Executive Summary.

The Safety Council recommends that TATA:

s for safety assurance and risk management purposes,
urge its member airlines to work with their respective
regulatory agencies to ensure that airports into which
they operate meet the Standards and Recommended
Practices of ICAQ Annex 14; and

o urge ils member airlines to work with their respective
regulatory agencies to develop procedures for evaluating
the airport infrastructure as part of their out station
andits.

Thank you again for providing us the opportunity o review your teport. We look
forward to receiving the final version of the report so that we can make it available to
others in the Australian aviation community for information and accident prevention
purposes. We have appreciated the opportunity to assist you with this investigation and
the professional manner with which the process has been managed.

Yours smeerely,

Alan L Stray
Deputy Director - Air Salgty Investigation
Australian Transport Safety Bureau

12 March 2002
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Tl (65} 270 T9EE
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Tel: (65) 65412476
Fax: (65) 65457615

Dr Kay Yong
Investigator-in-Charge

50 008 Accident Investigation
Aviation Safety Council

16" Floor, 99 Fu-Hsing North Road
Taipei 105

Taiwan

Dear Dr Yong,

S50 006 INVESTIGATION

Thank you for the draft Final Report of the 3Q 006 accidant
investigation, upon which you sought Singapore's comments by 31 March
2002

2 The Singapore Ministry of Transport (MOT) team comprising its
investigators, advisars, and consultants appointad through ICAOQ, Dr Rob
Lee and Captain Richard McKinlay, has carefully studied and reviewed the
ASC draft Final Report

3 The sole purpose of the Singapore team's commeants is o provide
constructive feedback to the ASC on the draft Final Report. Our aimis o
achieve a Final Report of the highest possible quality, and one that will
make a significant contribution fo the enhancement of international
aviation safety.

4 Thank you very much for taking in some of the comments that the
Singapore team provided earlier

5 However, many of the key issues raised by the Singapore team in
its comments to the ASC on the preliminary Draft Report have not besn

included in the draft Final Report.
oS
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The ASC draft Final Report
B The Singapore team considers that:

a)  The ASC draft Final Report presents an unbalanced account
of the S0 006 accident. It minimises the significance of the
many systemic factors which contributed to the accident, such
as the deficiencies in the runway lighting, signage and
markings at CKS Alrport.

b)  The ASC draft Final Report does not adequately address the
fundamental systemic error management and risk analysis
fssues raised by the investigation. These include the absence
of warning signs, lights or markings which would have alerted
fhe crew to their mistake, and the lack of physical barriers to
prevent aircraft from entering, lining up and taking off on the
closed Runway 05R.

c) The ASC draft Final Report contains factual inaccuracies,
internal contradictions, and hypothetical statements that are
not supported by empircal evidence.

d)  The ASC draft Final Report does not highlight the very
valuable systemic runway safety lessons from the SQ 008
-accident investigation that will benefit the global aviation
community.

T The improvement of runway safety is a major challenge confronting
the world aviation industry. The SQ 006 accident was a tragic
manifestation of this international systemic safety problem, and therefore it
should be considered in that context.

8 The potential safefy benefits of the SQ 008 accident investigation
will extend well beyond Taiwan and Singapore

Guiding Principles of the Singapore team's review of the ASC draft
Final Report

g As with the preliminary Draft Report, the primary guidance material
against which we have reviewed the ASC drafl Final Report is Annex 13 to
the Convention on International Civil Aviation. In accordance with the
principles and spirit of Annex 13, our aim is to ensure that the Final Report
of the 5Q 006 investigation is accurate, objective and balanced, and does
nat apportion blame or liability.
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10  We have also considerad areas of the ASC draft Final Report in the
context of other documents published by ICAO, the guidelines of major
regulatory authorities, and where appropriale, industry best practice.

11 In accordance with ICAD guidelines, the Singapore team views the
50 006 accident as a failure of the aviation system, and not as the failure
of a person, or of people. We recognize the fact that human error is
inevitable, and that systems must therefore be designed and operated to
be error tolerant.

12  We have considered the ASC draft Final Report in the light of
established and proven air safety investigation methadology. We have
considered whether all of the relevant factual material gathered in the
investigation has been included in the ASC draft Final Reporl. We have
also assessed the degree to which the analysis and conclusions are
based upen sound investigation procedures and factual evidence.

13 In considering the individual human factors involved In the accidant,
we have assessed lhe parformance of pilots, cabin crew, air traffic
controllers, and fire-fighting and rescue personnel, in terms of what could
be realistically expected of such line personnel, especially in the aftermath
of a catastrophic accident such as S0 006.

14  Where errors have accurred, our aim has been to understand the
reasons why those errors occurred.

15  Inaddition, we have considered the equally important broader
systems safety issues, such as how the probability of human errors may
be reduced, and measures which would prevent such errors, if they do
occur, from resulting in accidents,

Singapore Team's Comments

16  The detailed Singapore team’s comments are contained in the
attachments to this letter. However, we would also like you to refer to the
earlier comments that we have submitted on the ASC preliminary Draft
Report, and to our written analysis.

17 As per my emails of 15, 18 and 25 March 2002 to you, | would like
to request that the Singapore team's comments be appended In full to the
ASC Final Report, and that they be published and distributed
simultaneously with all copies of the ASC Final Report. We also reiterate
our earlier request that the Singapore team be provided with an advance
copy of the ASC Final Report, in accordance with established international
practice
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Conclusion

18  Finally, may | again express the Singapore team's regret that it has
not been permitted to participate n the analysis process. in accordance
with its entitements under Annex 13.

18  If the Singapore team had been able to take part and contribute to
the analysis, the accident investigation process would have more efficient,
effective, and complete,

20 Both Singapore and Taiwan share the common goal of pursuing
excellence in aviation safety. Notwithstanding the difficulties that have
been encountered, | hope that the valuable lessons leamed by both
Singapore and Taiwan from the experience of the SQ 008 investigation
will help facilitate greater cooperation and communication in any future air
safety investigations.

Thank you

Yours sincerely,

ACCREDITED REFRESENTATIVE, SINGAPORE

cc Mr Chua Kheng Hwa
MOT
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Part 1

Comments by the Singapore Ministry of Transport Investigation
Team on the ASC Draft Final Report of the Investigation into the
Accident to Singapore Airlines Boeing 747 — 400 at Taipei on 31
October 2000

EXECUTIVE SUMMARY

Introduction

1  The Singapore Ministry of Transport (MOT) finds the ASC draft Final Report
incomplete, and does not present a full account of the SQ006 accident.

2  The ASC draft Final Report lists seven “findings related to probable causes .. that
have been shown to have operated ... or almost certainly operated in the accident”.
Six of these refer to the SQO06 flight crew, the seventh refers to the weather. Other
significant contributing factors, arising from the major deficiencies in the CKS Airport
design, layout and facilities are played down, and categorised only as “findings related

to risk ... that cannot be clearly shown to have operated in the accident”. However, the
Singapore team believes that the major deficiencies at CKS Airport played a critical
role in the accident.

3 Asaresult, many valuable lessons which could have been learnt from the SQ006
accident have not been explored in the analysis, and clarified in the findings. In fact,
the CKS Airport itself has taken measures after the accident to remedy some of these

deficiencies. The rapid initiation of these major changes by the Taiwanese authorities
is an acknowledgement that many of the deficiencies which have been, or are being,
rectified were major causal factors in the accident, yet none appear in the ASC

findings related to probable causes'.
4  An air safety investigation of an accident or incident should seek to:

- understand why mistakes and errors were made by people in the aviation
system;
- recommend measures to reduce the likelihood of such errors; and,

- identify means to prevent such errors, when they do occur, from resulting in
accidents.

5  Inaccordance with paragraph 6.3 of Annex 13 to the Convention on International

Civil Aviation (Chicago Convention), Singapore desires that these comments be
appended in full to the ASC Final Report.

7-26



The accident

6  Atnight, in inclement weather, believing that they were on the correct runway, the
crew of SQ006 mistakenly attempted to take off on a runway (Runway 05R), which
was adjacent and parallel to the runway on which they intended to take off (Runway
05L). Just over one kilometre along Runway 05R, and out of sight of the crew at the
position from which they commenced their take-off, a section had been closed due to
works in progress. During its take-off run, SQ006 collided with heavy construction
equipment on the closed portion of Runway 05R.

7  There were no visual warnings or physical barriers to prevent aircraft from lining
up and attempting to take off from Runway 05R.

8 Ifthese preventative measures had been in place, in accordance with ICAO

Standards and Recommended Practices, and with prudent safety practice, the
accident would not have occurred.

9  The runway and taxiway lighting, signage and markings at CKS Airport did not
conform to international standards, as set out in ICAO Annex 14. In particular, some
critical taxiway signs, markings, and guidance lights in the vicinity of the take-off
runway were either missing or not working. As a consequence, there was only a single
line of taxiway centreline lights which the crew followed onto Runway 05R. There was
no visible alternative path leading to Runway 05L.

10 Although Runway 05R was closed to be permanently redesignated as a taxiway,
none of the runway markings had been removed as they should have been. For

example, the white runway threshold markings, or ‘piano keys’ were still present.

11 There were some cues in the cockpit which provided indications that SQ006 had
not lined up on the intended take-off runway, Runway 05L. However, due to the
powerful visual cues of an operational runway ahead of them, this information was
missed by the crew.

12 The SQOO06 tragedy was a classic example of an accident occurring on the
ground at an airport, involving a complex interaction of many factors, including actions

by flight crews and air traffic controllers, the design and layout of the airport, airport
facilities, and weather conditions.

Runway safety —a global problem

13 The SQO006 accident should not be seen as an isolated event specific to CKS
Airport. Rather, it should be seen as a symptom of the global problem of runway safety.
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14  Accidents and incidents involving the confusion of runways and taxiways are an
increasingly serious problem facing the world’s airline industry. The extent of this

problem is graphically illustrated by events which have occurred since the SQ006

accident, such as the collision on the runway at Milan Linate Airport on 8 October 2001.
This accident resulted in the loss of an MD87 and a Cessna Citation, with 122 fatalities.

15 The US FAA has specified runway safety as one of its top five priorities, which
reflects the serious nature of this world-wide problem.

The ASC Investigation

16 Although Taiwan is not a Contracting State of ICAO, it undertook to investigate
the accident in accordance with the provisions of Annex 13 to the Chicago Convention.
The ASC of Taiwan was the agency responsible for carrying out the investigation.

17  Under the provisions of Annex 13, aircraft accident investigation is a team effort,
pursued in the interests of aviation safety. Annex 13 states that:

The sole objective of the investigation of an accident or incident shall be the

prevention of accidents and incidents. It is not the purpose of this activity to
apportion blame or liability. (Annex 13, paragraph 3.1)

18 Under the Annex, the State of Singapore was entitled to appoint an accredited
representative to participate in all aspects of the investigation. (Annex 13, paragraphs
5.18, 5.25)

19 Contrary to the provisions of paragraphs 5.18 and 5.25 (h) of Annex 13, the ASC
did not permit the Singapore accredited representative and his advisers to participate
in the ‘deliberations related to analysis, findings, causes and safety recommendations’.

20 The ASC has adopted a format for the Conclusions section which does not
conform to Annex 13, or to the format used by other major accident investigation
bodies. Annex 13 states that the investigation report should list ‘the findings and
causes established in the investigation. The list of causes should include both the
immediate and the deeper systemic causes’ (APP-2, 3).

21 Instead of listing the findings established, immediate causes and deeper systemic
causes, the ASC draft Final Report lists only findings, and under three major
categories:

(1) “findings related to probable causes” which identify elements that have been
shown to operate or almost certainly have operated in the accident;

(2) *“findings related to risk” which cannot be clearly shown to have operated in the
accident; and

(3) *“otherfindings” that have the potential to enhance aviation safety, resolve an
issue of controversy or clarify an issue of unresolved ambiguity.
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22  Systemic factors which contributed to the accident, such as deficiencies in the
design and layout of the airport, defective or inadequate runway lighting, signage and
markings and their non-conformance with ICAO Standards and Recommended
Practices, are listed as “findings related to risk” (ie cannot be clearly shown to have
operated in the accident) while the Singapore team feels that these factors clearly

played a major role in the accident. They should rightfully be categorised as “ findings
related to probable causes”.

Singapore’ s response to the accident

23  Following the accident, the then Singapore Ministry of Communications and
Information Technology (MCIT) assembled a team to participate in the investigation,
and immediately despatched it to Taipei to assist the ASC.

24 In accordance with Annex 13, the Singapore investigation team members were
appointed by the Minister for the then MCIT. On 23 August 2001, the MCIT became

the Ministry of Transport (MOT).

25 The Singapore MOT Investigation Team (Singapore Team), comprised

investigators and advisers from different organisations, including Civil Aviation
Authority of Singapore (CAAS), the Ministry of Defence, Singapore Airlines, and

universities. Subsequently, Singapore requested that ICAO provide specialist
consultants to assist the MOT Team.

26 Dr Rob Lee, former Director of the Australian Bureau of Air Safety Investigation,
and Capt. Richard McKinlay, Deputy Chief Inspector of the UK Air Accidents

Investigation Branch were appointed by ICAO, and commenced duty in April, 2001.
27 The Singapore Team is an independent body, which reports directly to the

Minister.

The Singapore Team’ s approach to the investigation

28 In accordance with the philosophy of Annex 13, the Singapore Team regards the
SQO006 accident as a failure of the aviation system, rather than a failure of a person, or
people.

29 As stated by Captain Dan Maurino, Co-ordinator of the ICAO Flight Safety and
Human Factors Study Programme:

To achieve progress in air safety investigation, every accident and incident, no

matter how minor, must be considered as a failure of the system and not simply
as the failure of a person, or people.
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30 The Singapore Team’s analysis of the accident adopts this systemic approach. It
is a fact that the crew of SQ006 took off on the wrong runway. The Singapore Team
seeks to understand the reasons why this mistake was made by an experienced airline
crew, and why it resulted in the accident. The objective is to develop and implement
measures to reduce the likelihood of such errors, and, if they do occur, to prevent
them resulting in catastrophic accidents.

Cooperation with the ASC

31 From the outset, the Singapore Team cooperated with the ASC, and
endeavoured to make a full contribution as a member of the ASC team. For example,
Singapore provided a Boeing 747-400 to carry out taxi simulation trials at CKS Airport.

32 The Singapore Team has provided documents and personal presentations to the
ASC in Taipei. The Singapore Team also advised the ASC of new factual data as it
became available, such as the results of metallurgical tests concerning the runway
lighting. These tests were carried out by scientists from the National University of
Singapore and the Singapore Defence Science Organisation.

33 During the investigation the Singapore Team provided detailed inputs to the ASC
team on many key issues. These included human factors, systems safety, error
management, operational procedures, training, documentation, airport issues, air
traffic control procedures, and investigation methodology. However, many significant
matters raised by the Singapore Team were not accepted by the ASC.

Singapore Team’ s Inputs to the ASC investigation

34 On 4-5 July 2001 the Singapore Team presented its preliminary analysis of the
accident to the ASC. This was followed by a written analysis, sent to the ASC on 17
September 2001.

35 On 28 September 2001, the Singapore Team received the ASC's preliminary
draft report on the accident. Following a comprehensive review of the ASC preliminary
draft report, the Singapore Team advised the ASC on 1 November 2001 of a number
of significant omissions, inaccuracies, contradictions, and statements which were not
supported by empirical evidence.

36 While some of the points raised by the Singapore Team were considered by the
ASC, and had been included in the draft Final Report, areas of fundamental
disagreement remain concerning the interpretation and analysis of the factual
evidence. This is particularly the case with regard to the measures which could have
been taken at CKS Airport to prevent mistakes in runway identification by pilots from
resulting in accidents, such as the provision of warning lights, signage and physical
barriers to stop aircraft from entering closed runways.
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37 Ifthe Singapore Team had been allowed by the ASC to participate in the analysis
process, as it was entitled to do under Annex 13, the present differences might have
been avoided, through open two-way discussion, and ongoing communication at all
levels of the investigation.

Overall Review of the ASC Draft Final Report

38 A number of areas of the ASC analysis are not supported by factual evidence. In
some instances, judgements are made, hypotheses are put forward, and opinions are

expressed which are not based upon either factual evidence or research data.

39 For example, the ASC concludes that “if the flight crew had looked for the runway
markings and signage to locate their position by scanning the outside scene, they
would have been able to see that information and consequently navigate the aircraft to
the correct runway.” (Section 2.5.7.1 of ASC’ s draft Final Report.) This conclusion is
not based on any objective evidence, simulator tests or research, that replicate the
rapidly changing low visibility conditions on the night of the accident. Without any
supporting data, this statement in the ASC draft Final Report can only be an opinion,
and therefore its validity is questionable.

40 Another example is the ASC’ s conclusion that “it was possible that CM-1 (the
commander) reverted to the most dominant previously formed mental model under
high workload to follow the green taxiway centreline lights.” However, there is no
factual evidence to support this “ dominant mental model” hypothesis.

41 Approximately ninety percent of the airports to which SIA crews operate do not
have a “follow the green” taxiway light guidance system. Consequently, the factual
evidence contradicts the ASC conclusion.

42  Several important safety issues relevant to the understanding of the SQ006
accident are not discussed in the analysis section of the ASC draft Final Report.

43 For example, the provision of runway closure markers and barriers are described
in the factual information section of the ASC report. However, the significance of these
markers and barriers has been down-played in the draft Final Report. By concentrating
primarily on the flight crew, the ASC analysis does not consider the accident as a
systemic failure, and therefore does not objectively address the combination of factors
which contributed to the accident.

44 Some safety recommendations derived from the analysis are not supported by
evidence in the draft Final Report. For example, recommendation 4.1.3 states that the
CAAS approved B747-400 AFM PVD supplement includes “the use of the PVD to
verify the correct departure runway.”

45 The AFM PVD supplement does not refer to ‘the use of the PVD to verify the
correct departure runway’. (See Section 2.5.6.3.1 of ASC’s draft Final Report).
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46 The ASC draft Final Report describes numerous significant measures which have
been taken by the Taiwanese aviation authorities to enhance safety following the
accident to SQ006. Some of these measures were put in place immediately after the
accident, and others are in the process of being implemented. The rapid initiation of
these major changes by the Taiwanese authorities is an acknowledgement that many

of the deficiencies which have been, or are being, rectified were major causal factors
in the accident, yet none appear in the ASC * findings related to probable causes’

47 Examples of deficiencies at CKS Airport which have been rectified include:
- painting the missing segment of the Taxiway N1 centreline marking leading to
Runway 05L
removing the Runway 05R threshold markings
removing the Runway 05R designator marking
disconnecting the Runway 05R runway edge lights
adding to taxiway centreline lights from Taxiway N1

48 The Singapore Team commends the actions of Taiwanese aviation authorities to
rectify these deficiencies and improve their aviation system. However, these systemic
deficiencies, all of which existed at the time of the accident, should have been included
in the ‘findings related to probable causes’ of the accident in the ASC draft Final
Report. (Section 3.1 of ASC’s draft Final Report.)

Summary

49 The Singapore Team considers that the ASC draft Final Report is deficient in
many critical aspects.

50 As noted above, it is a fact that the pilots mistakenly turned onto the wrong

runway. However, they took off firm in their belief that they were on the correct runway.
Contributing factors and major deficiencies at CKS airport that either led to, and
reinforced, their wrong belief, are not included in this probable cause category.

51 The outcome of the human factors analysis of the performance of the flight crew

of SQO006 does not provide an understanding of why an experienced and professional
airline crew mistakenly commenced take-off on the wrong runway.

52 As in all aviation accidents, deeper systemic factors play a major role in their
causation. However, the ASC draft Final Report lists no such factors in its findings
related to probable causes'.

53 As aresult, the potential value of the ASC investigation in contributing to global
aviation safety will not be realised.
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Documents containing earlier and detailed comments by the Singapore Team on
the AS C Draft Final Report

54  The Singapore Team provided earlier comments on the ASC's preliminary draft
Report in November 2001, including the submission of a complete separate analysis.
The substance of those comments remains essentially valid, and the Singapore Team
requests that the ASC refer to these earlier documents, as well as to the comments on
the draft Final Report which follow.

55 A separate analysis of the SQO006 accident by the Singapore Team is not

included with the comments on the draft Final Report, as the Singapore Team has
been advised by the ASC that it would not be prepared to append such an analysis to
its Final Report.

56 The Singapore MOT team’s comments are presented in the following documents:

Part 1 — Comments by the Singapore Ministry of Transport Investigation

Team on the ASC Draft Final Report of the Investigation into the Accident to
Singapore Airlines Boeing 747-400 at Taipei on 31 October 2000.

Appendix to Part 1 — Singapore Ministry of Transport Investigation Team’'s
submission relating to Safety Actions and Safety Recommendations.

Part 2 — Comments by the Singapore Ministry of Transport Investigation
Team on Overall Format of the Conclusions Section of the ASC draft Final
Report and on Section 3.1 relating to * Findings Related to Probable Causes'.

Part 3— Comments by the Singapore Ministry of Transport Investigation
Team on Sections 3.2 and 3.3 of ASC draft Final Report ‘ Findings Related
to Risk’ and * Other Finding’ .

Part 4 — Comments by the Singapore Ministry of Transport Investigation
Team on Section 4 ‘Safety Recommendations’ of the ASC draft Final Report.

Part 5 — Comments by the Singapore Ministry of Transport Investigation
Team on the ‘Survival Aspects’ of the ASC Draft Final Report.

Part 6 — Comments by the Singapore Ministry of Transport Investigation
Team on Section 2 of the ASC draft Final Report * Analysis'.

Additional document : * MCIT Investigation Team’ s Comments on Salient

Issues in the ASC preliminary draft Report on the SQ 006 Accident
Investigation’ (originally submitted on 1 November 2001)
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Appendix to Part 1

Singapore Ministry of Transport Investigation Team’s
Submission Relating to Safety Actions and Safety
Recommendations

SAFETY ACTIONS

1 CKS Airport

CKS Airport has advised that since the accident, the following actions
have been taken:

a) Efforts have been initiated to set up safety inspection teams
and self audit programmes.

b) Runway 05R was decommissioned with effect from 1
February 2001 and has since been reopened as a taxiway.

c) The take-off minima for Runway O5L has been changed to
350m Runway Visual Range (RVR).

d) The Airport Emergency Handling Procedures, Civil Aircraft
Accident Handling procedures, and the Emergency Airport
Rescue Procedures have been revised.
e) CKS Airport is expediting the installation of Surface
Movement Radar (SMR) at the airport.
2 CAA Taiwan

CAA Taiwan has advised that the following actions have been taken
since the accident:

a) Areview of ICAO Annexes and documents has been carried
out, and a mechanism has been set up for follow-up action.

b) Expatriate advisors on airport standards have recently been
appointed.

3 Singapore Airlines

SIA has advised that the following actions have been taken since the
accident to SQO006:
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b)

9)

h)

)

K)

A new CRM training programme for pilots has been
developed and implemented, which includes situational
awareness and error management training as separate
modules.

Human factors and accident prevention training for inclusion
in the pilot command training programme is being planned by
SIA Flight Crew Training Centre.

A risk assessment tool to enable crew to manage risk in their
operations has been developed and is being evaluated.

Redesign of the female cabin crew’s footwear had been
initiated in December 1999. New footwear has been
introduced.

Checklists have been amended to require all crew in the
cockpit to visually confirm the correct runway designation
before commencing the take-off run.

The Flight Crew Operating Manual has been amended to
formally require the pilot taxiing the aircraft to refer to
sighage and markings. It also requires the other pilot to
confirm the correct taxi route is being used with reference to
airport charts.

The Flight Crew Training Manual has been amended to
formally document procedures, instructions and the training
curriculum for ground operations in poor visibility conditions.

The Cross Wind Limitation Policy has been revised and the
Flight Crew Operating Manual has been amended
accordingly. The revision has a more conservative limit for
‘wet’ runway conditions.

An airport specific operational information gathering process
has been implemented to provide additional information with
regard to operational procedures and facilities specific to the
airport not routinely included in Jeppesen route manuals.

Boeing's GPS based “ Take-off Runway Disagree Alerting
Function” has been accepted by the company for installation
on B777 and B747-400 aircraft.

An Electronic Moving Map system which provides a pictorial
depiction of airport movement areas is being evaluated for
installation in SIA aircraft.

The FAA Advisory Circular on Runway Safety (FAA AC 120-
74) has been reviewed with the objective of identifying useful

7-35



points for incorporation in the SIA low visibility operations,
training and procedures.

CAAS

CAAS has advised that the following actions have been taken since the
accident:

a) Singapore operators have been required to review their
‘before take-off' checklists.

b) Singapore operators have been required to update their
CRM training programmes in keeping with current industry
best practice.

c) Singapore operators have been required to review the FAA
Advisory Circular (AC120-74) to assess its suitability to
enhance their low visibility operations, training programmes
and procedures.

d) A proposal to amend the current regulations to require earlier
CVR power-on and later power-off times has been submitted
to the Ministry of Transport.

SAFETY RECOMMENDATIONS

CKS Airport should ensure that, whenever runways or taxiways are
closed to aircraft operations, be it partially or fully, suitable barriers
are provided at locations that would physically prevent aircraft from
entering such closed movement areas. The relevant ICAO
standards and recommended practices (SARPS) concerning
runway/taxiway closure markings should be adhered to.

A formal mechanism among international airlines needs to be
developed by means of which operators can actively seek out and
exchange local ‘intelligence’ on potential safety hazards, and
ensure that such information is made available to crews. SIA should
initiate coordination with other major airlines to better utilise the
present “informal” and “ad hoc” exchange of local knowledge
regarding operational safety hazards at airports.

SIA should review its emergency safety training programme to
determine whether it is possible, and practical, to incorporate more
realism, and to inculcate more awareness of the potential difficulties
flight and cabin crew may encounter in catastrophic aircraft
emergencies.
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10.

11.

12.

CKS Airport should ensure that its Air Traffic Controllers adhere to
their Standard Operating Procedures. In particular, when aircraft
cannot be seen from the control tower, controllers should advise
pilots of this situation, and that they should taxi with caution.

CKS Airport should set up an integrated safety management
system, so that systematic safety reviews, hazard analyses, and
risk assessments are undertaken before implementing any airside
work or changes that could affect aircraft operations.

CAA Taiwan and CKS Airport management should establish a joint
task force to review the US FAA National Blueprint for Runway
Safety (details at: www.faa.gov/runwaysafety), and wherever
appropriate, adopt the safety philosophy and operational
recommendations of that programme, so as to improve operational
safety.

CKS Airport should ensure that the contents of all NOTAMs and
AIP Supplements pertaining to airfield work contain clear and
current information on the actual status of the taxiways/runways,
and the configuration of the markings, signage and lighting. This
will also facilitate the issuance of supplementary information by
airport chart providers.

CKS Airport should utilise frangible barriers to demarcate work
areas on the airfield.

The aviation industry should establish a working group, involving
the airport authorities, airlines, regulators, ICAO, Flight Safety
Foundation, IFALPA, Airports Council International and the IATA
Safety Committee to develop a system to objectively determine
whether a runway is “wet” or “contaminated” due to the presence of
water. At present, there is no objective method by means of which
this can be determined.

CKS Airport should formulate a written Surface Movement
Guidance and Control System (SMGCS) plan to ensure the safety
of aircraft movements on the ground.

CKS Airport should clearly define the operational responsibilities
and safety accountabilities of the departments involved in the
airside operations of the airport, so as to ensure that timely
implementation of safety measures and improvements are not
delayed due to ambiguities in areas of responsibility.

CAA Taiwan, in cooperation with the ASC, should establish and

promote a more effective air safety incident reporting programme as
part of an overall integrated safety management system. Such an
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13.

14.

15.

16.

17.

incident reporting programme would provide a wide range of safety
information, including data on airport safety issues.

CKS Airport should review its ARFF procedures to ensure that its
personnel are able to carry out rescue operations inside aircraft
using breathing apparatus.

ASC should coordinate with the relevant authorities to ensure that
autopsies of all aircraft accident fatalities are performed to
determine the survivability aspects of the accident.

ASC should ensure that blood toxicology tests are carried out on all
relevant personnel such as pilots, air traffic controllers and apron
controllers immediately after an accident.

ICAO should establish a study group to investigate the parameters
affecting the functionality of aircraft escape slides in high wind
conditions, with a view to determining a revised basis for the
certification of these slides.

Aircraft manufacturers should review the design of public address
systems so that these systems can continue to function largely
independently of airframe or engine system condition in the event of
an accident.
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Part 2

Comments by the Singapore Ministry of Transport
Investigation Team on Overall Format of the Conclusions
Section of the ASC draft Final Report and on Section 3.1
relating to ‘* Findings related to probable causes’

Overall format of the Conclusions section of the ASC draft Final Report

1 Annex 13 to the Chicago Convention (page APP-2 of Appendix) states
that the Conclusions section of the Final Report should ‘list the findings and
causes established in the investigation. The list of causes should include both
the immediate and the deeper systemic causes’. The ASC daft Final Report
does not conform to this format. Instead of listing the findings established,
immediate causes and deeper systemic causes, the ASC draft Final Report
lists only “findings” and under three major categories:

(4) “findings related to probable causes” which identify elements that have
been shown to operate or almost certainly have operated in the
accident;

(5) “findings related to risk” which cannot be clearly shown to have operated
in the accident; and

(6) “other findings” that have the potential to enhance aviation safety,
resolve an issue of controversy or clarify an issue of unresolved
ambiguity.

2 An aircraft accident is a failure of the aviation system, and is always the
result of a combination of many contributing factors and causes.

3 From the perspective of flight safety, all these contributing factors and
causes must be addressed and appropriately categorised. When arbitrary
classification of factors and causes is made, it can direct the focus of attention
disproportionately towards particular factors, while downgrading the
importance of the other factors that had played a significant part in the
accident.

4 This is what has happened in the ASC draft Final Report. Six of the
seven ‘findings related to probable causes’ are in relation to the aircrew; none
refer to the major deficiencies in the runway lighting, signage and markings at
CKS airport. The result, whether intended or otherwise, is that the flight crew
of SQ 006 are effectively ‘blamed’ for the accident.

5 The format of the Conclusions section in the ASC Draft Final Report
therefore results in an unbalanced analysis of why the accident occurred, and
is a major defect if it is used again in the Final Report.

6 Conseguently, the Singapore Team does not accept the format of the
Conclusions used in the ASC Draft Final Report.
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Section 3.1 : ‘Findings related to probable causes’

7 It is clear from the factual evidence that warning markings and barriers
if located at the threshold of the closed runway would have stopped the crew
of SQ 006 from commencing to take off, and thus would have prevented the
accident.

8 However, the lack of these systemic safety measures is not mentioned
in the ASC ‘probable causes’ findings. This critical factor is relegated to a sub-
paragraph of one of the thirty six ‘findings related to risk’ i.e. factors that “ have
the potential to degrade safety” but “which cannot be clearly shown to have
operated in the accident”.

9 The following paragraphs address each of the ASC “probable cause”
findings. The remaining findings, and other issues, are addressed elsewhere
in the Singapore Team’s comments.

10  ASC Finding 1: At the time of the accident, heavy rain and strong
winds from typhoon “ Xangsane” prevailed and the wind direction was 020
degrees with a magnitude of 36 knots, gusting to 56 knots. RVR was 450
meters on Runway O5L.

Singapore Team’ s Comment: Itis not clear how this finding relates
to a ‘probable cause’ of the accident. The weather conditions on the
night of the accident were a factor in the environment in which the
accident occurred. They did not ‘cause’ the accident.

Furthermore, the winds quoted in this ASC finding are not correct.

These were not the wind speeds “at the time of the accident’. The

accident occurred at 15:17:17. The wind speeds and directions shown

in the ASC finding were those which were broadcast on the ATIS at

15:12:02, four minutes 41 sec before the commencement of the takeoft.

There were two further wind speed updates given to the crew of SQ
006 by ATC. The last wind direction and speed given to the crew when
they were cleared for takeoff at 15:15:22 were 020 degrees with a
magnitude of 28kts, gusting to 50kts. The crew based their decision to
take off on the latest advice given to them by ATC. Table 1.7-1, of the
ASC draft Final Report shows the wind directions and speeds recorded
by the automated weather observation system for CKS Airport. At
23:15 (15:15 UTC) the wind was 029 degrees at 29.6 knots, at 23:16
(15:16 UTC) it was 013 degrees at 29.3kts, and at 23:17 (15:17 UTC) it
was 360 degrees at 20.5kts. The ASC finding does not refer to this
information, which indicates that very close to the time of the accident
the winds were rapidly changing direction and in fact decreasing in
strength.
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Despite the fact they were varying, the weather conditions at the time
of the accident were within the operational limits of the aircraft.

11 ASC Finding 2. On August 31, 2000, CAA of ROC issued a Notice to
Airman (NOTAM) AO606 indicating that a portion of the Runway 05R between
Taxiway N4 and N5 was closed due to work in progress from September 13 to
November 22, 2000. The flight crew of SQ 006 was aware of the fact that a
portion of Runway 05R was closed, and that Runway 05R was only available
for taxi.

Singapore Team’ s Comment: It is not clear how his finding can be
considered a ‘probable cause’.

This ASC finding omits to mention the INTAM and the other NOTAM
that were also provided to the crew of SQ 006 on the night of the
accident. These documents gave no clear indication of the actual
status of the runway markings, lighting and signage on runway 05R -
for example, whether or not any work had been done in removing the
runway markings from runway O5R (as stated in the INTAM) before the
postponement of the redesignation of runway 05R to a taxiway, as
stated in NOTAM 0740.

12 ASC Finding 3: The aircraft did not completely pass the Runway 05R
threshold marking area and continue to taxi towards Runway 05L for the
scheduled takeoff. Instead, it entered Runway 05R and CM-1 commenced the
takeoff roll. CM-2 and CM-3 agreed with CM-1’s decision to take off.

Singapore Team’ s Comment: This finding is misleading because it
provides no information as to the context in which the crew made the
turn onto, and commenced take-off on Runway 05R. The evidence
shows that the crew of SQ 006 followed the continuous line of green
taxiway centreline lights leading from Taxiway N1 onto Runway 05R.
On lining up, they were presented with a picture of a brightly lit active
runway.

In the absence of any indications at the Runway O5R threshold that the
runway was closed, the crew of SQ 006 entered Runway 05R and
commenced the take-off roll.

This finding also implies that a verbal statement of ‘agreement’ from
CM-2 and CM-3 was required before take off. This was not the case. In
accordance with established airline practices, if any member of the
crew had not been comfortable with the take off decision, he would
have spoken up, as the crew members indicated in their evidence to
the investigation.

13 ASC Finding 4: The flight crew had CKS Airport charts available when

taxiing from the parking bay to the departure runway. However, when the
aircraft was turning from Taxiway NP to Taxiway N1 and continued turning
onto Runway 05R, none of the flight crew verified their taxi route in
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accordance with the airport chart, which would have shown the need to make
a 90 degree turn from Taxiway NP and then taxi straight ahead on Taxiway
N1, rather than to make a continuous 180 degree turn onto Runway 05R.
Further, none of the flight crewmembers confirmed orally whether the runway
they entered was Runway O5L.

Singapore Team’ s Comment: This finding is misleading because it
ignores the context in which the crew’s actions took place.

The evidence shows that the crew of SQ 006 had navigated their way
accurately to the end of taxiway NP using their Jeppesen airport charts.
Having reached this point, and having received the take off clearance
from ATC, the final stages of the taxi were carried out using the
external visual cues offered by the taxiway and runway lighting. This
manner of operation was in accordance with normal airline practice.

Foremost among these visual cues was the single continuous clear line
of green lights that provided taxiway guidance. These green centreline
lights formed a continuous pathway onto the runway. There was no
alternative continuous line of lights to Runway 05L, as there would

have been if CKS Airport had conformed to ICAO Annex 14 standards
and recommended practices.

14 ASC Finding 5: The flight crew did not build a mental picture of the

taxi route to Runway O5L that included the need for the aircraft to pass
Runway 05R before taxiing onto Runway 05L.

Singapore Team’ s Comment: The existence or otherwise of an
internalised ‘mental model’ is at best only a hypothesis. It therefore
cannot be an unequivocal ‘finding related to probable cause’. At best,
such a hypothesis is a statement of probability.

This finding’ is not supported by empirical evidence.

15 ASC Finding 6: The moderate time pressure to take off before the
inbound typhoon closed in around CKS Airport, and the high workload of
taking off in a strong crosswind, low visibility, and slippery runway conditions
subtly influenced the flight crew’s decision-making and ability to maintain
situational awareness.

Singapore Team’ s comment: This finding is not supported by the
evidence. In his evidence CM-1 reported that he ‘felt no time pressure
on the evening of the accident’. In addition CM-1 stated that *...if the
winds had exceeded the company operating limits, he would have
postponed the take-off”. It should be noted that the ASC draft Final
Report also stated that the captain instructed the crew to ‘take their
time and to be careful with the checklists and procedures.’

In view of such evidence, this finding can neither be substantiated nor
cited as a ‘probable cause'.
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The finding refers to the crew of SQ 006 being under ‘high workload'.
This assertion is not supported by the evidence. The B747-400 is
designed and certified to be operated by a two-man crew. The
presence of CM-3 on the flight deck of SQ 006 provided an additional
resource to the normal crew complement. By allocating the tasks of
monitoring the weather and calculating the crosswind component
during the taxi to CM-3, CM-1 was able to reduce the workload on
CM2 and himself.

16 ASC Finding 7: On the night of the accident, the information available
to the flight crew regarding the position of the aircraft was:

CKS Airport navigation chart

Aircraft heading indicators

Runway and Taxiway signage and marking

Taxiway N1 centreline lights leading to Runway 05L

Colour of the centreline lights (green) on Runway 05R

Runway 05R edge lights most probably not on

Width difference between Runway 05L and Runway 05R, if the
Runway 05R edge lights were on

Lighting configuration differences between Runway 05L and
Runway 05R

Parallel Visual Display (PVD) showing aircraft not properly
aligned with the Runway O5L localizer

Primary Flight Display (PFD) information

The flight crew did not comprehend the available information.
They lost situational anareness and commenced takeoff from the
wrong runway.

Singapore Team’ s Comment: This finding presents a distorted picture
of the situation in which the crew of SQ 006 were operating. This
‘probable cause’ finding only specifies sources of information which
were available to the crew. It ignores the significant deficiencies in the
information available to the crew of SQ 006.

The ASC draft Final Report identifies and provides a detailed
description of these deficiencies at CKS Airport that did not meet the
level of internationally accepted standards and recommended practices.

There were also no runway closed markings in the area where SQ 006
entered Runway 05R.

If these external visual warnings had been present, together with
physical barriers to prevent aircraft entering Runway 05R from Taxiway
N1, the crew would have had the requisite situational awareness to
realise that they were on the wrong runway and the accident to SQ 006
would not have occurred.
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Warning signs, markings, lights and physical barriers are defences to
prevent human errors resulting in accidents. If such defences had been
in place as they should have on the night of the accident, the crew of
SQ 006 would have been alerted that they were entering the wrong
runway. In addition, physical barriers would have made it impossible for
the aircraft to commence its take-off on Runway 05R.

The absence of these essential warning signs, markings and physical
barriers was the single most important factor which contributed to the
accident. If the ‘probable causes’ format is to be retained in the ASC
draft Final Report, these deficiencies should be highlighted as the
major causal factor in the SQ 006 accident.

Detailed comments on ASC Finding 7 are as follows:

(@) CKS Airport navigation chart: The crew had the Jeppesen chart
for the airport. However, there was no yellow page supplement which
would have provided additional information on the works in progress on
Runway 05R. The lack of such a supplement is not mentioned in the
finding.

(b) Aircraft heading indicators: This information was available to, and
used by the crew in accordance with normal procedures at the time of
the accident. The crew’s evidence states that: ‘The aircraft heading
was around 050 degrees on line-up, which was the expected direction
for take-off...” (p. 143 of ASC draft Final Report). In other words, the
crew of SQ 006 were aware that their heading was correct when they
lined up.

It should be noted that the crew of SQ 006 navigated their aircraft
accurately to the end of Taxiway NP. Beyond this final point of the taxi,
the primary means of guidance from the taxiway onto the take-off
runway were the external visual cues provided by the then runway and
taxiway lighting, signage and markings. Using these cues, the aircraft
lined up on the correct take-off heading, without realising that they
were on the wrong runway.

(c) Runway and Taxiway signage and marking: The deficiencies
associated with the runway and taxiway lighting, signage and marking
are covered above. The central issue here is that, while these were a
source of information to the crew, the ASC finding did not mention that
they did not conform to international standards, and as a result, were
seriously deficient — as described in ASC'’s ‘findings related to risk’.
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(d) Taxiway N1 centreline lights leading to Runway 05L: This
finding does not mention the deficiencies in these lights. These are well
described in ASC’s “findings related to risk”, which states: ‘There
should have been sixteen centreline lights spaced 7.5m apart along the
straight segment of Taxiway N1 where the curved taxiway centreline
markings from Taxiway NP meets Taxiway N1 up to the Runway 05L
holding position, rather than the four centreline lights spaced at 30m,
55m, 116m and 138m.” The fact that there were only four lights, not all
of which were serviceable, meant that there was no alternative line of
lights to those leading onto Runway 05R. There was only one visible
path — there was no ‘fork in the road’, as there had been earlier in the
taxi.

(e) Colour of the centreline lights (green) on Runway 05R: Even

though these lights were green, the factual evidence shows that the

crew perceived them as just ‘centreline lights’. This perception

confirmed their expectation that they were lined up on an active runway.

To illustrate, CM-1 stated in his evidence that ‘as the aircraft was lining

up the image before him was that of a runway. He reported that he

could see the centreline light running down the runway.’ In his evidence,
CM2 said: ‘The runway picture was correct. He recalled seeing lights

down the middle of the runway and they were very bright.... He further

stated that the visual cues indicated that the aircraft was on an active

runway.’

(H Runway 05R edge lights most probably not on: This finding is not
supported by the factual evidence. The evidence of CM-1, together

with the analysis of recorded ATC communications, as well as data
from the metallurgical tests carried out on runway edge light wires,
indicate that the Runway 05R edge lights probably were illuminated at
the time of the accident.

(9) Width difference between Runway 05L and Runway O5R, if the
Runway O5R edge lights were on: Pilots do not have an expectation
of runway width as a primary visual cue to identify runways, as they
operate to airports world wide which have runways of differing widths.
Of more critical importance is that if the Runway 05R edge lights were
on, a possibility which is acknowledged in this ASC finding, and which
is supported by the factual evidence, it would have indicated an active
runway, as noted in the Singapore Team’s comments above.

(h) Lighting configuration differences between Runway 05L and
Runway 05R: Both Runway 05R and 05L had centreline lights. The
captain selected Runway 05L because it was a Cat Il runway. Cat |l
runways have centreline lights, so he would have been expecting to
line up on a runway with centreline lights, as opposed to Runway 06,
which was the normal runway used by SIA. Runway 06 has no
centreline lights. On lining up on Runway 05R, the bright centreline
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lights confirmed his belief that the aircraft had lined up on the correct
runway.

(i) Para-Visual Display (PVD) showing aircraft not properly aligned
with the Runway O5L localizer: This statement is misleading as it
implies that the PVD will at all times ‘show’ aircraft alignment with the
runway localiser. This is not the case.

In the case of SQ 006, the PVD remained shuttered. Consequently,
there was no display showing a displacement from the localiser. This
could have been a possible cue to the crew regarding the position of
the aircratft.

However, as the aircraft lined up on Runway 05R, the crew saw an
active runway ahead of the aircraft, as they had expected. Airline pilots
are trained to always regard external visual cues as their primary
source of information for takeoff. Consequently, this compelling
external visual cue of the runway took priority in the captain’s decision
to commence the take-off. This is shown by the CVR evidence.

() Primary Flight Display (PFD) information: As stated in the ASC
draft Final Report, ‘pilots routinely use the ILS localiser indicator and
the rising runway symbol on the PFD as a runway alignment reference
during landing. This could have been a cue to the crew regarding the
position of the aircraft. However, there were no procedural
requirements for the flight crew to check these indications before
take-off.’

17 ASC statement below its Finding 7 “The flight crew did not

comprehend the available information. They lost situational awareness
and commenced takeoff from the wrong runway.”

This statement, appearing as a summary statement at the end of the
section on findings related to probable causes, implies that the pilots
were totally to blame for the accident. The finding specifies the various
sources of information available to the pilots, but omits to also point out
that these sources of information were for the most part deficient.

Maintenance of situational awareness by flight crew is dependent upon
the quality of information on which it is based. Good quality information
is the foundation of accurate situational awareness — what has been
termed the ‘first level’ of situational awareness (Endsley, 1995). If this
information is not available, or is difficult to detect or perceive, or if it is
misperceived, the situational awareness of a crew may not correspond
to their actual situation.

In the case of SQ 006 the primary information upon which the crew
was relying for situational awareness was defective — for example, the
runway lighting, signage and markings. On lining up on Runway 05R,
they firmly believed they were on Runway 05L. The CVR confirms this.
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The statement by the ASC that “ The flight crew did not comprehend the
available information. They lost situational awareness and commenced
takeoff from the wrong runway.” is not correct. The evidence shows
that the crew of SQ 006 did comprehend the information available to
them, and based their situational awareness on this information.
Unfortunately, the information available to them was flawed resulting in
their comprehension being flawed without their knowledge.

The summary statement of this particular finding implies blame,
contrary to the provisions of Annex 13.

Summary comments on the ASC “findings related to probable causes”

18 The ASC draft Final Report does not portray the accident as a failure of
the aviation system, rather it is being portrayed as a failure of the crew. In its
executive summary, the ASC states that ...the purpose of the investigation
report is to enhance aviation safety and not to apportion blame and
responsibility...’

19 However, the overall format of the Conclusions section and the content

of the ASC ‘findings related to probable causes’ are so flawed that this
objective has not been achieved.
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Part 3

Comments by the Singapore Ministry of Transport Investigation Team on Sections 3.2 and 3.3 of ASC
draft Final Report entitled ‘Findings Related to Risk’ and ‘Other Finding’
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ASC draft Final Report

Singapore Team’ s Comments

3.2 Findings Related to Risk

1. The local controller did not issue progressive taxi/ground
movement instructions and did not use the low visibility taxi
phraseology to inform the flight crew to slow down during
taxi.

Should amend as follows:

“The local controller did not issue progressive taxi/ground
movement instructions “in accordance with CKS ATC SOPs”,
and did not use the low visibility taxi phraseology to inform the
flight crew to slow down during taxi.

2. The flight crew did not request progressive taxi movement
instructions from Air Traffic Controller (ATC).

The flight crew did not make such a request as they are not
required to do so by any international standards.

The only time a flight crew would make such a request is when
they are uncertain of their position. This was not the case in
the SQ 006 accident. At all times the crew believed that they
knew where they were. At the end of Taxiway NP they were
misled by the external visual cues before them, and entered
the wrong runway.

This finding should be deleted.

3. Reduced visibility in darkness and heavy rain diminished, but
did not preclude, the flight crew’ s ability to see the taxiway
and runway lighting, markings, and signage.

The phrase “did not preclude” is superfluous and should be
deleted. In addition, the finding should also point out that the
lighting, signage and markings did not conform to international
standards. Notwithstanding this fact, this finding is speculative
and not supported by any factual or empirical evidence and
should be deleted.

4. The SIA crosswind limitation for a “wet” runway was 30 knots
and for a “ contaminated” runway was 15 knots. CM-1
assessed that the runway condition was “wet” at the time he
prepared for takeoff and determined that the crosswind was
within company limitations. The lack of SIA and ATC
procedures for quantitatively determining a “wet” versus
“contaminated” runway creates ambiguity for flight crew
when evaluating takeoff crosswind limitations.

There was no evidence from the crew interviews or the CVR
that the crew had any ambiguity about the condition of the
runway. This finding is irrelevant to the accident and should be
deleted.

The correct criteria for determining whether a runway is “wet”
or “contaminated” is an industry wide issue and should be
addressed through the appropriate forum such as ICAO or
IATA.
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ASC Draft Final Report

Singapore Team’ s Comments

5. There was no procedure described in the SIA B747-400
Operations Manual for low visibility taxi operations.

Guidance information on low visibility taxi operations is
provided in the SIA Flight Crew Training Manual, which is a
part of the SIA B747-400 Operations Manual. This finding
should be deleted.

6. There was no formal training provided to SIA B747-400 pilots

for low visibility taxi techniques.

There is no evidence that this was a ‘ risk factor’ in the accident.
This finding is based on incorrect understanding of airline
training.

A captain who is qualified and current in Cat Il operations
would have received training in low visibility taxiing techniques
as part of his training package. Taxiing the aircraft in low
visibility is part and parcel of the overall training package for
low visibility operations.

However, taxiing in low visibility conditions was, and continues
to be, a normal part of an SIA pilot’ s introduction to training in
low visibility operations.

The CVR evidence shows that the crew was taxiing the aircraft
in a manner appropriate to the visibility conditions.

7. The SIA SOP did not assign specific duties to the third flight

crewmember, although CM-1 requested the third pilot to
verify crosswind limitations during taxi.

This finding is unrelated to risk.

The B747 is designed and certified for operation by two pilots.
If a third crew member is present, it is for the captain to decide
what duties may be allocated to the third crew member
according to the operational circumstances at the time.

8. Itwas possible that CM-1 inadvertently reverted to the most
dominant previously formed mental model under high
workload to follow the green taxiway centerline lights, which
generally takes him to where he is supposed to go, and he
reverted to this habit while turning from NP onto Runway
O5R.

There is no evidence to support this dominant * mental model
hypothesis. Unless there is such evidence, this * finding’ is only
an opinion and is speculative. In the absence of empirical
evidence, it should therefore be withdrawn.

In the context of the ASC draft Final Report, the “dominant
previously formed mental model ... to follow the green
centerline lights” refers to the “follow the greens (i.e. green
taxiway centreline lights)” system at Singapore Changi Airport.
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ASC Draft Final Report

Singapore Team’ s Comments

Reference to SIA crew rosters shows that the majority of take-
offs conducted by SIA B747 pilots takes place at airports other
than Singapore Changi Airport.

Of these other airports, only approximately 10% of them has a
‘ follow the greens’ system similar to Singapore Changi Airport.
Consequently, SIA pilots do not taxi using a * follow the greens’
taxiway lighting system with sufficient frequency for it to
become a ‘dominant’_mental model.

SIA did not have a procedure for the pilots to use the PVD as
a tool for confirming the correct runway for takeoff in low
visibility conditions such as existed for the operation of SQ
006 on the night of the accident.

The PVD was not designed to be a device for identifying
runways or the runway threshold. The PVD is used primarily as
a reversionary aid to assist pilots to maintain the runway
centerline when they conduct take-offs. The PVD will un-
shutter anywhere along the runway within the capture zone of
the ILS localizer. It will therefore operate at any point along the
runway. For this reason it cannot be used to positively identify
the position of the runway threshold.

This finding is invalid, as any procedure for the pilots to use the
PVD as a tool for confirming the correct runway for take off in
low visibility conditions would be contrary to the design and
approval of the PVD system. This finding should be deleted.

10.

SIA procedures and training documentation did not reflect
the Civil Aviation Authority of Singapore (CAAS) approved B-
747-400 AFM supplement regarding use of the PVD for
correct runway identification.

The CAAS did not approve the use of the PVD as a means of
runway identification. This is outside the scope for which the
PVD system was designed by the system manufacturer or as
flight tested by the airframe manufacturer.

From a safety standpoint, it would be improper for any
regulator to insist on procedures and training documentation
which are outside the scope of system design and approvals.

Furthermore, the AFM supplement regarding the PVD does not
contain the words “ correct runway identification”. This finding

Is based on an incorrect interpretation of the AFM supplement.
This finding should be deleted.

11.

CAAS oversight of SIA operations and training did not ensure

The PVD is not a mandatory instrument, and is not designed
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that the approved B747-400 AFM supplement regarding use
of the PVD for correct runway identification was incorporated
into the SIA documentation and operational practices.

for runway identification. Many airlines do not equip their
aircraft with PVD. It is designed and certified to aid runway
centreline steering and is only to be used for takeoff on a Cat
[l runway. Accordingly, the approved B747-400 Airplane Flight
Manual (AFM) supplement contains instructions on PVD use
for runway centreline steering and does not deal with PVD use
for runway identification. The primary means for runway
identification are the pilots’ normal visual cues. The approved
B747-400 AFM supplement is incorporated into the SIA
documentation and operational practices.

Since the PVD is not for runway identification, the issue of
CAAS safety oversight of SIA’ s PVD operations and training on
the use of the PVD for runway identification does not arise and
is irrelevant. This finding is based on a misinterpretation of the
purpose of the PVD and the provisions of the approved B747-
400 AFM supplement on the PVD. Accordingly, this finding
should be deleted.

12. Atthe time of the accident, SIA’ s Aircraft Operations Manual
did not include “confirm active runway check” as a before
takeoff procedure.

Singapore agrees with this finding, however it needs to be
amplified to place it in the correct context.

With the benefit of hindsight, subsequent to this accident, it is
clearly good practice to have a procedure for positive runway
identification. At the time of the accident to SQ 006, the fact
that this was not common practice within the aviation industry
should be noted in the finding.

13. The deficiencies in SIA training and procedures for low
visibility taxi operations precluded the flight crew from
possessing the appropriate level of knowledge and skills to
accurately navigate the aircraft on the ground.

There is no empirical evidence to indicate such systemic
deficiencies. Such evidence could only be obtained by
determining whether SIA had any history of air safety incidents
connected with low visibility operations.

Unless there is valid evidence to sustain this finding, it must be
withdrawn and deleted.

14. CAAS had not performed sufficient safety oversight of SIA’ s
procedures and training. Therefore, the deficiencies in SIA

The Singapore Team disagrees with the finding. This is
sweeping statement and not based on empirical evidence.
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procedures and training were not discovered during routine
CAAS safety oversight.

In referring to section 2.5.11 of the draft Final Report, it would
appear that this finding is referring to “inadequate SIA flight
crew procedures and training on the PVD that did not reflect
the CAAS approved B747-400 PVD supplement and
insufficient flight crew training in low visibility taxi procedures
and practices.”

Regarding the PVD procedures and training, as mentioned in the
Singapore Team’s comments on Finding No. 11 above, the PVD is
not for runway identification and the CAAS approved B747-400 PVD
supplement therefore does not deal with runway identification.
Hence, it was not a deficiency that SIA’s PVD procedures and
training did not include the use of the PVD for runway identification.
It would have been improper for CAAS to approve procedures and
training for use of equipment which is outside the scope of the
equipment design.

Regarding training in low visibility taxiing, as noted in MOT’ s
earlier response to the ASC’ s preliminary draft report, MOT has
explained that there is no specific formal training for taxiing in
low visibility. Taxiing is part of basic airmanship. Throughout
their career, flight crews undergo various training courses and
taxiing is part and parcel of such training. Taxiing skills are
further reinforced in the course of their flying experience when
they operate to different airports in all sorts of weather
conditions. There are no International Civil Aviation
Organisation Standards and Recommended Practices (ICAO
SARPSs) or internationally agreed norms on the level and
amount of flight crew training in low visibility taxi procedures
and practices.

There is no basis to conclude that there were deficiencies on
SIA’ s flight crew training and procedures on the use of the PVD
and low visibility taxiing.
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Consequently, the finding that deficiencies in SIA’ s procedures
and training were not discovered during routine CAAS safety
oversight is incorrect and this finding should be removed.

15.

The preponderance of evidence indicates that the Runway
05R edge lights were most probably not illuminated during
the attempted takeoff of SQ 006.

This finding is not valid as it cannot be determined conclusively
whether the Runway 05R edge lights were on or off.
This finding should be deleted.

16.

At the time of the accident, there were a number of items of
CKS Airport infrastructure that did not meet the level of
internationally accepted standards and recommended
practices. Appropriate attention given to these items would
have enhanced the situation awareness of the SQ 006 flight
crew while taxiing to Runway 05L for takeoff. However, the
absence of these enhancements was not deemed sufficient
to have caused the loss of situational awareness of the flight
crew. Among these items were:

The manner in which the airport deficiencies are listed as bullet
points within a single finding diminishes the critical importance
of these factors.

These CKS Airport factors are so critical to the accident that
they should be listed separately as individual findings in the

‘ findings related to probable causes’ . (However, please note
Singapore Team’ s comments regarding classification of
findings. These are at Part 2 of the Singapore Team’ s
comments on the ASC draft Final Report).

The lack of any barriers at the threshold to prevent take-off,
which on its own would have been sufficient to prevent the
accident, is not even mentioned in the findings.

These “infrastructure deficiencies” cannot be relegated to the
level of mere “enhancements”. They are the ICAO standard
requirements for international airports.

The crew did not perceive that they had lost situational
awareness when entering Taxiway N1. Their situational
awareness from this point was based upon the information
available to them, and this information was flawed. It was only
at this stage that the crew’ s situational awareness did not
correspond to their actual situation.

Four days after the accident, the investigation team
found the green centerline light immediately after the
Runway 05R entry point along Taxiway N1 leading to
Runway 05L un-serviceable and the following light was

This should be a * finding related to probable cause’ .

It is highly improbable that these two lights only became dim or
unserviceable in the short span of time between the time of the
accident and the evening of 4 November 2000. For most of this
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dim. It could not be determined what the status of those
lights was on the night of the accident.

period of time the lights were switched off.

Comment: --The fact that these lights were not inspected by
the investigation team until four days after the accident is a
serious deficiency in the investigation process. It was clear
soon after the accident that the aircraft had commenced take-
off on Runway 05R. Consequently, the determination of the
visual cues available to the pilots should have been a top
priority in the investigation. A four-day delay in obtaining such
critical information is unacceptable in a major investigation.

The green centerline lights leading from Taxiway NP
onto Runway 05R were more visible than the Taxiway N1
centerline lights leading toward Runway 05L because
they were more densely spaced. There should have been
16 centerline lights spaced 7.5m apart along the straight
segment of Taxiway N1 where the curved Taxiway
centerline markings from Taxiway NP meets Taxiway N1
up to the Runway 05L holding position, rather than the 4
centerline lights spaced at 30m, 55m, 116m, and 138m.

The absence of a visible line of lights leading to Runway 05L is
a fundamental reason why the crew turned on to Runway 05R.
Therefore, this finding should be highlighted as a “finding
related to probable cause”.

Segments of the straight portion of the taxiway
centerline marking on Taxiway N1 did not extend all the
way down to the Runway 05L threshold markings with
interruption stops 12 meters to and from the Runway 05R
threshold markings.

The taxiway centerline markings were not compliant with ICAO
Standards and Recommended Practices (SARPS).

This non-compliance should be stated as an individual finding,
rather than as a bullet point within a finding. It should be listed
as a ' finding related to probable cause’ .

Runway guard lights and stop bars were not provided
at CKS Airport.

The lack of runway guard lights and stop bars lights meant that
CKS Airport did not comply with ICAO SARPs.

This non-compliance should be stated as an individual finding,
rather than as a bullet point within a finding. It should be listed
as a ' finding related to probable cause’ .

Alternate green/yellow taxiway centerline lights to
demarcate the limits of the ILS sensitive area were not
installed.

This situation was not compliant with ICAO SARPSs.

This non-compliance should be stated as an individual finding,
rather than as a bullet point within a finding. It should be listed
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as a ' finding related to probable cause’ .

The mandatory guidance signs installed on the left and
right sides of Taxiway N1 were located after the holding
position for Runway 05L and not collocated with runway
holding position marking.

This situation was not compliant with ICAO SARPs.

This non compliance should be stated as an individual finding,
rather than as a bullet point within a finding. It should be listed
as a ' finding related to probable cause’ .

Although the flight crew was aware that Runway 05R
was closed, there were no runway-closed markings in the
area where SQ 006 entered Runway 05R.

Although the construction equipment located on the
closed portion of Runway 05R was protected by barriers
and marked with lights, the lights were not visible from
the takeoff threshold of Runway 05R.

Both of these findings are fundamental to an understanding of
the accident.

As the crew lined up on Runway 05R, there was nothing to
indicate to them that they were on the wrong runway, or to
physically prevent them from commencing taking off. Runway-
closed markings and lights warning of obstacles on the runway
would have been among the critical defences which could have
on their own prevented the accident. Their absence contributed
to the accident. They fall into the category of deeper systemic
causes.

These two findings should be listed separately in the ‘ findings
related to probable causes’ .

There was no interlocking system installed at CKS
Airport to preclude the possibility of simultaneous
operation of the runway lighting and the taxiway
centerline lighting.

There was a lack of a monitoring feature of individual
lights, or percentage of unserviceable lamps, for any
circuit for CKS Airport lighting.

ASDE is designed to reduce the risk of airport ground
operations in low visibility. There is no requirement for
installation of Airport Surface Detection Equipment
(ASDE) at CKS Airport. The Safety Council was not able
to determine whether ASDE would have provided
information to the ATC controllers about SQ 006 taxiing
onto the incorrect runway because of attenuation of the
signal from heavy precipitation that diminishes the
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effectiveness of the radar presentation.

17. There is ambiguity in ICAO Annex 14 Standards and
Recommended Practices (SARPs) regarding a temporarily
closed runway because the term “short term” is not defined.

This finding is not relevant to the accident, because Runway
05R was to be permanently re-designated as a taxiway. There
was no intention ever to re-open it as a runway.

Further, whether the closure was temporary or permanent was
irrelevant because markings and barriers should have been
present to indicate that Runway 05R was closed and to
physically prevent aircraft attempting to use it for take-off.

18. There was a lack of a specified safety regulation monitoring
organization and mechanism within CAA that permitted
conditions to exist at CKS Airport for taxiways and runways
lightings, markings, and signage that did not meet
internationally accepted safety standards and practices.

That the taxiway and runway lightings, markings, and signage
did not meet internationally accepted safety standards and
practices were deeper systemic factors which contributed to
this accident. This should be a finding related to probable
cause.

19. There was a lack of a safety oversight mechanism within
CAA that could have provided an independent
audit/assessment of CKS Airport to ensure that its facilities

met internationally accepted safety standards and practices.

That the CKS Airport facilities did not meet internationally
accepted safety standards and practices were deeper systemic
factors which contributed to this accident. This should be a
finding related to probable cause.

20. CAA had not formed a working group for the derivation of a
complete Surface Movement Guidance and Control System
(SMGCS) plan according to guidance provided by ICAO
Annex 14.

21. Being a non-contracting State, the CAA of ROC does not
have the opportunity to join ICAO and participate in the
activities in developing its airport safety enhancement
programs to correspond with international safety standards
and recommended practices.

Non-participation in ICAO activities does not preclude any
airport operator from complying with and implementing ICAO
Standards and Recommended Practices or to put in place
airport safety enhancement programmes to correspond with
international safety standards and recommended practices.
ICAO documentation is catalogued on its website. It is readily
available to any interested party.

22. The SIA typhoon procedure was not well defined and the
personnel who were obliged to use the procedures did not
fully understand the procedures and their responsibilities.

The aircraft did not take off in typhoon conditions. The SIA
typhoon procedures were irrelevant to the accident.

This finding should be deleted.

23. The main deck mid cabin from row 31 to 48 was not
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survivable during this accident due to fuel tank fire and
explosion. Sixty-four out of 76 passengers died in this area.
All passengers in tail section survived due to much less fire
damage.

24,

The circumstances of the SQ 006 accident, involving severe
impact forces induced damage and rapidly spreading fire and
smoke, rendered much of the existing emergency evacuation
training, hardware, and procedures ineffective.

25.

The crewmembers did not use alternative methods to order
the emergency evacuation when Public Announcement (PA)
system was found inoperative.

The accident was catastrophic, and in this situation the cabin
crew were required to use their initiative, as prescribed in the
SIA Aircraft Safety and Equipment Procedures manual. When
the cabin crew did not hear an evacuation command from the
Captain, they used the alternative method of initiating
evacuation by shouting to passengers to evacuate, in
accordance with the ASEP.

26.

During evacuation training, the flight crew did not play their
role as a commander to initiate the evacuation.

This has no relevance to the accident. It should not be a
finding and should be removed.

27.

Some of the crewmembers did not execute SIA’ s evacuation
procedures during the evacuation.

The accident was catastrophic. The SQ 006 crew executed
those ASEP procedures that were possible in the extreme
circumstances of the accident. In this situation the cabin crew
were required to use their initiative, as prescribed in the SIA
Aircraft Safety and Equipment Procedures manual, which they
did.

28.

An Upper Deck Left (UDL) cabin crewmember was
hampered in her movement during the emergency
evacuation because she lost her sandals.

There is no evidence that the cabin crew member who lost her
sandals was hampered in her movement during the emergency
evacuation.

This finding should be removed.

29.

During the evacuation in dark conditions, only CM-3, CM-2,
and 5L crewmembers carried flashlights. The 5L cabin
crewmember used the flashlight to assist during the
passenger evacuation. No megaphone was used.

It is not clear why this is a “finding related to risk”. In the
immediate aftermath of an accident such as this, when the
aircraft came to rest, broken in two and on fire, it is not
surprising that some crew members were unable to locate their
safety equipment. The fact that some crew members were
able to do so suggests that their training and the procedures
were effective. Furthermore, there is no direct evidence that
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this caused any delay in the evacuation. This finding should be
deleted.

30.

The dense smoke made breathing difficult and the
emergency lights less visible for the survivors during the
evacuation.

This finding should be expanded to include the non-use of
breathing apparatus by the ARFF.

31.

CKS Airport did not prescribe in detail the emergency
medical treatment procedures and the responsibilities of a
medical coordinator or the interim coordinator in accordance
with the ICAO recommendations.

32.

CKS Airport did not provide contingency procedures for
medical treatment and rescue in adverse weather conditions
in accordance with the ICAO recommendations.

33.

The “ CKS Airport Civil Aircraft Accident Handling Procedures
and Regulations” contained no specific features such as
neurosurgical ability or burn treatment of hospitals in
accordance with the ICAO recommendations.

34.

There was no information of high wind effect to the slide
operation in relevant manual from the manufacturer for the
operators’ reference to prepare for a suitable response
during high wind operation.

35.

The lateral G forces associated with the accident produced
an unexpected self-inflation of the 4R and 5R slides in cabin.

36.

The fire-fighting department was understaffed in handling a
major accident.
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3.3 Other Findings

1.

The flight crew were properly certificated and qualified in
accordance with the applicable CAAS regulations and SIA
Company requirements, and ICAO SARPs.

The flight crew were provided with appropriate and complete
dispatch documents, including weather, weight and balance
information, NOTAMs and SIA INTAMs in accordance with
the established procedures.

As no yellow Jeppesen airport plan had been issued, CKS
Airport should have provided an airport plan suitably annotated
showing works in progress so that crews would be fully briefed
on the airfield situation.

The cabin crew was qualified in accordance with the SIA
training program.

Crew duty time, flight time, rest time, and off duty activity
patterns did not indicate influence of pre-existing medical,
behavioral, or physiological factors of flight crew’ s
performance on the day of the accident.

The air traffic controllers involved with the control of SQ 006
were properly certificated, and qualified to perform their
duties.

This finding does not accord with the factual information.

However, the Singapore Team acknowledges that the lack of a
current medical certificate for a controller was not causal to the
accident.

The aircraft was certificated, equipped, and maintained in
accordance with CAAS regulations and approved
procedures, and ICAO SARPs. There was no evidence of
pre-existing mechanical malfunctions or other failures of the
aircraft structure, flight control systems, or power plants that
could have contributed to the accident. The accident aircraft
was considered airworthy before the accident.

There was no evidence to indicate that there was any undue
organizational pressure from SIA placed upon the flight crew
to take off the evening of the accident.

The Jeppesen charts used by the flight crew were current at
the time of the accident.

The taxi check and procedures used by the SQ 006 flight
crew were in accordance with the SIA B747-400 Operations
Manual.
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10.

ATC taxi instructions and the takeoff clearance did not
mislead the flight crew to take off from the partially closed
Runway 05R. SQ 006 was cleared for takeoff on Runway
05L and the flight crew confirmed the clearance before
takeoff.

Agreed, however the ATC taxi instructions did not include
reference to Taxiway N1 and the crossing of Runway 05R.
The timing of the clearance could have given the crew the
impression that the next active runway was O5L.

11.

It was appropriate for the flight crew to consider Runway 05L
for takeoff the evening of the accident.

12.

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%.

13.

No slides were fully functional for survivors’ evacuation in this
accident because of impact forces, fire, and strong wind
effects.

14.

The Department of Forensic Pathology conducted a total of 7
autopsies. Out of the 7 autopsies conducted, 6 died from
severe burns and one died from impact injuries.

15.

There was no alcohol and drug testing of the three flight
crewmembers of SQ 006 after the accident.

ATC personnel were also not tested for alcohol and drugs.
The finding should include that ATC personnel were also not
tested.

16.

Airport Rescue and Fire Fighting (ARFF) personnel arrived at
the accident site approximately in 3 minutes and began its
fire fighting and rescue efforts. A small fire at tail section was
put out immediately. In conditions of severe weather, the fire
at forward and mid-section fuselage was suppressed in 15
minutes and positively controlled in 40 minutes.

17.

All fire and medical people used the same frequency to
communicate in this accident.

18.

The majority of the CKS Airport medical and rescue
operations were not able to function in accordance with CAA
regulations and procedures because of very strong wind and
heavy rain emanating from approaching typhoon
“Xangsane”.

19.

The first 10 survivors were sent to hospital by airport’ s
ambulances directly without proper triage procedure.
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20.

The Ministry of Transportation and Communications (MOTC)
staff was not proactive in supporting CAA’ s requests for the
installation of ASDE at CKS Airport.

21.

All new regulations of CAA are subject to lengthy formalities
of legitimating approval by MOTC.

22.

Although the SQ 006 CVR power-on and power-off times
were in compliance with ICAO SARPs and CAAS
regulations, the Federal Aviation Regulations (FARs) and
Joint Aviation Regulations (JARS) require an earlier power-on
and later power-off times. An earlier power-on time and later
power-off time would be desirable for examination of
operational and human factors safety issues following
accidents and incidents.

23.

Singapore does not have an independent aviation accident
investigation authority charged with making objective
investigations, conclusions, and recommendations.
International experience has shown that an independent
investigation authority is a benefit to aviation safety, and
many States have taken actions to ensure that investigations
are conducted by a government agency that is functionally
independent of the authority responsible for regulation and
oversight of the aviation system.

The recommendation is irrelevant and inappropriate, as
Singapore is not the State leading the SQ 006 investigation.

In any accident investigation, recommendations should be
based upon factual evidence gathered during the investigation
and the analysis of that evidence. While the recommendation
that Singapore should consider establishing an independent
accident/incident investigation organisation appears in the ASC
draft Final Report, there is no evidence or analysis contained in
the draft Final Report to either support or justify the
recommendation.

For example, there is no evidence that there has been any
problem with the present administrative arrangement
concerning the participation by Singapore in the SQ 006
investigation. Under these arrangements, the Minister for
Transport (previously MCIT) appointed an independent
investigation team reporting directly to him. The team is made
up of investigators from the CAAS, Ministry of Defence,
National University of Singapore, and other organisations. In
addition, the Minister appointed three international specialist
consultants through the International Civil Aviation
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Organisation (ICAO).

The Singapore Team perates completely independent of the
aviation regulatory authority. These arrangements are fully in
accordance with the Convention on International Civil Aviation.

It should also be noted that not many countries have a fully
independent, permanent stand-alone air safety investigation
organisation.

The recommendation should be withdrawn.
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Safety Recommendations

In this chapter, safety recommendations derived as the result of
this investigation are listed in 4.1. Safety actions taken, or
currently undertaking by both SIA and CAA, ROC are listed in 4.2.
It should be noted that those safety actions have not been verified
by the Safety Council

Recommendations
To Singapore Airlines (SIA)

The Safety Council recommends that SIA:

1. Develop and implement a comprehensive surface-movement The FAA National Blueprint for Runway Safety was
training program that reflects the current practice in this area, published in October 2000. FAA AC 120-74 was issued
such as the recommendations contained in the FAA’ s National | in June 2001. SIA is reviewing these documents with a
Blueprint for Runway Safety and FAA Advisory Circular No. view to incorporating useful practices and procedures into
120-74. (3.1-[3~7]; 3.2-[5, 6, 12]) SIA’ s training programme.

This information on SIA’ s actions should be included in
‘Safety Actions’ in the Final Report.

This recommendation should be withdrawn.
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2. Ensure that procedures for low visibility taxi operations include This recommendation should be withdrawn. Flight crew
the need for requesting progressive taxi instructions to aid in were not, at the time of the accident, required to request
correct airport surface movement. (3.2-[1, 2]) progressive taxi instructions by any international

standards. This procedure is currently being reviewed by
SIA, and should be included in ‘Safety Actions’ .

See also our comments on recommendations to CAAS
number 1.

3. Review the adequacy of current SIA PVD training and This recommendation is based on a false premise. The
procedures and ensure that SIA documentation and approved AFM PVD supplement does not and should not
operational practices reflect the CAAS approved B747-400 include the use of the PVD to verify the correct departure
AFM PVD supplement, which included the use of the PVD to runway. The PVD is not designed for runway
verify the correct departure runway. (3.2-[9, 10]) identification, but for runway centreline steering. It is

unnecessary to review SIA training and procedures for a
use of the PVD that is outside the scope of the PVD
design and certification, and for which it would have been
improper for CAAS to so certify.

This recommendation should be withdrawn.

4. Develop and implement a clear policy that ensures that flight This recommendation should include reference to all
crews consider the implications of the PFD, and PVD relevant instruments, not only the PFD and PVD.
indications whenever the instruments are activated,
particularly before commencing takeoff in reduced visibility
conditions. (3.1-[7])

5. Include in all company pre-takeoff checklists an item formally This has been done by SIA, and should be included in
requiring positive visual identification and confirmation of the ‘Safety Actions’ .
correct takeoff runway. (3.1-[7], 3.2-[12])

This action by SIA should be included in the * Safety
Action’ section of the Final Report and this
recommendation should be withdrawn.

6. Implement an Advanced Crew Resource Management This has been done by SIA, and should be included in

program to reflect current practices in this area, and ensure
that such programs are regularly revised to reflect new
developments in CRM. (3.2-[7])

‘Safety Actions’ .

This action by SIA should be included in the * Safety
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Action’ section of the Final Report and this
recommendation should be withdrawn.

effectively handle diversified emergency situations. (3.2-[24,
25, 26, 27])

7. Review the adequacy of current runway condition This recommendation addresses a broader industry issue
determination procedures and practices for determining a and should be followed up through the appropriate
water-affected runway to “wet” or “contaminated” in heavy rain international aviation organisations such as ICAO and
situations, by providing objective criteria for such IATA, and not through an individual airline.
determinations. (3.2-[4])

8. Conduct a procedural audit to eliminate existing conflicts in SIA’ s Typhoon Procedures had no bearing on the
the guidance and procedures between the company manuals, accident. However, they are under review, and
the managers’ expectations, and the actual practices, such as consequently this information should be included in
those contained in the Typhoon Procedures and dispatch ‘Safety Actions’ .
briefing policy. (3.2-[22])

This recommendation should be withdrawn.

9. Modify the emergency procedures to establish an alternate The SIA procedures already allow for alternate methods
method for initiating the emergency evacuation command in to initiate the emergency evacuation command in the
the event of a PA system malfunction. (3.2-[24, 25]) event of a PA system malfunction. These procedures

were used by the crew of SQ006.

An issue in the SQO006 accident was the failure of the PA
system, something which has occurred in other accidents
involving the B747. It is an industry issue and should be
addressed through ICAO and IATA.

10. Reevaluate its procedure and training for the crew to SIA trains crew to industry standards. However, no

training can simulate the extreme conditions faced by the
crew of SQO006 following the accident, a point
acknowledged by the ASC.

There was no evidence that there were deficiencies in
SIA training or emergency procedures. Nevertheless
following the accident SIA has reviewed its emergency
procedures and training to determine what lessons can
be learned from the accident.

The actions by SIA should be included in the * Safety
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Action’ section of the Final Report, and the
recommendation withdrawn.

11. Redesign the footwear and skirts of the female cabin crew
(that were used at the time of the accident) to provide better
protection and maneuverability during emergency
evacuations. (3.2-[28])

The redesign of the cabin crew footwear was initiated in
1999 and has since been introduced.

This information should be included in the * Safety
Actions’ section of the Final Report.

There is no evidence that the design of the skirts of the
female cabin crew restricted the movement of cabin crew
during the evacuation.

This recommendation should be withdrawn.

To Civil Aviation Authority of Singapore (CAAS)
The Safety Council recommends that the CAAS:

1. Require SIA to develop and implement a comprehensive
surface-movement training program, to include a procedure to
request progressive taxi instructions during low visibility
ground operations. (3.1-[3~7]; 3.2-[5, 6, 13])

SIA has an existing training programme in low visibility
operations. The SIA FCTM contains the training
procedures and provides appropriate guidelines for low
visibility operations.

Flight crews are not required to request progressive taxi
instructions during low visibility ground operations by any
international standards.

In conditions of low visibility at airports, it is the Air Traffic
Controllers who implement progressive taxi instructions.
It is not a flight crew responsibility to request progressive
taxi instructions, unless the crew are uncertain of their
position. (See, for example, para 5g.(4) of FAA AC 120-
74 which was issued on 18 June 2001, well after the SQ
006 accident. ) In an extreme case, a pilot may request a
‘ follow me’ vehicle to provide guidance.

The recommendation states that there should be a

procedure that would require all pilots to request
progressive taxi instructions in conditions of low visibility
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at airports. Such a situation would be operationally
impractical. For example, the additional reporting
requirements would slow down traffic flow and impede
radio communications between aircraft and ATC due to
frequency congestion.

In addition, the recommendation is not supported by
factual evidence from the investigation. At no stage were
the crew of SQ006 uncertain of their position. There was
no necessity for them to request progressive instructions.
However, the CKS Airport ATC SOPs did require the
implementation of * progressive taxi/ground movement
instructions’ whenever the aircraft could not be seen from
the control tower. These procedures were not
implemented by CKS ATC in the case of SQO0O06.

This recommendation should be withdrawn.

2. Review the adequacy of current SIA PVD training and practices

and ensure that SIA procedural and training documentation and
operational practices reflect the CAAS approved B747-400
AFM PVD supplement. (3.2-[9, 10])

This recommendation is not supported by factual
evidence from the investigation. SIA procedural and
training documentation and operational practices do
reflect the CAAS approved B747-400 AFM PVD
supplement.

The PVD is designed and certified to aid runway
centreline steering, not to identify a runway.

It should be noted that the CAAS approved B747 AFM
PVD supplement does not include the use of the PVD as
a runway identifier.

CAAS has reviewed the SIA PVD training and practices
and found them to be adequate.

This recommendation should be withdrawn. (See also
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comments on recommendation to SIA, number 2).

3. Review AFM supplement document approval, control, The recommendation is not supported by any factual
distribution, and enactment policies and procedures for evidence that there is a systemic deficiency in this area.
operators to ensure that revisions to airline AFMs are
adequately managed. (3.2-[11]) This recommendation arises out of Finding Number 11

that the AFM supplement, which deals with PVD use,
was not incorporated into SIA’ s documentation and
operational practice.

The AFM supplement was properly incorporated into the
SIA documentation, training or operational practices as
appropriate to the design and certified use of the PVD.
The draft Final Report shows no evidence that ASC
investigators carried out inspections of Aircraft Flight
Manuals carried on a representative sample of other SIA
B747 aircraft to determine whether the revisions to airline
AFMs are adequately managed.

This recommendation should be withdrawn.

4. Ensure that all Singaporean commercial airline operators under This recommendation has already been implemented.
its regulatory responsibility implement Advanced Crew The information should be included under * Safety Actions’
Resource Management programs to reflect current practices in in the Final Report and the recommendation should be
this area and ensure that such programs are regularly withdrawn.
monitored and revised to reflect new developments in CRM.

(3.2-[7])

5. Evaluate and support appropriate research to develop This recommendation should be withdrawn, as it is not
technologies and methods for enhancing flight crew’ s abilities appropriate to address this issue to an individual
for objectively determining a water-affected runway condition in regulator. Identifying the means to enable the objective
heavy rain situations. (3.2-[4]) determination of a water-affected runway condition is an

industry wide issue, and should be addressed through
ICAO and IATA.
6. Amend the CAAS Air Navigation Order Paragraph 37 (3) to CAAS is in the process of amending the relevant

require an earlier power-on and later power-off times for CVRs.

regulations to require earlier power-on and later power-off
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(3.3122))

times for CVRs.

This information should be included in the * Safety
Actions’ section of the Final Report, and the
recommendation should be withdrawn.

To Singapore Government

The Safety Council recommends that Singapore Government
seriously consider establishing an independent aviation
accident/incident investigation organization consistent with many
other countries in the world. (3.3-[23])

The recommendation is irrelevant and inappropriate, as
Singapore is not the State leading the SQ006
investigation.

In any accident investigation, recommendations should be
based upon factual evidence gathered during the
investigation and the analysis of that evidence. While the
recommendation that Singapore should consider
establishing an independent accident/incident
investigation organisation appears in the ASC draft Final
Report, there is no evidence or analysis contained in the
draft Final Report to either support or justify the
recommendation.

For example, there is no evidence that there has been
any problem with the present administrative arrangement
concerning the participation by Singapore in the SQ 006
investigation. Under these arrangements, the Minister for
Transport (previously Minister for Communications and
Information Technology) appointed an independent
investigation team reporting directly to him. The team is
made up of investigators from CAAS, Ministry of Defence,
the National University of Singapore, and other
organisations. In addition, the Minister appointed three
external specialist consultants through the International
Civil Aviation Organisation (ICAO).
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The Singapore SQO006 investigation team operates
completely independently of the aviation regulatory
authority. These arrangements are fully in accordance
with the Convention on International Civil Aviation.

It should also be noted that not many countries have a
fully independent, permanent stand-alone air safety
investigation organisation.

The recommendation should be withdrawn.

To Civil Aeronautics Administration, ROC (CAA)

The Safety Council recommends that the CAA:

1.

Require that the control tower chiefs re-emphasize the
concept, training and the use of progressive taxi/ground
movement instructions during low visibility ground operations.
(3.2-1))

General Comments for all the recommendations to CAA
ROC:

The recommendations to CAA ROC should
include reference to an integrated risk management
programme.

The recommendations to CAA ROC should
include implementation of FAA National Blueprint for
Runway Safety and the relevant advisory circulars.

Place priority on budgetary processes and expedite the
procurement and installation of ASDE at airports with high
traffic volume. (3.2-[16])

Clearly redefine its divisions’ job functions to stipulate each
individual unit and personnel responsibilities. (3.2-[18])

Specifically appoint an organization within the CAA for the
development, modification, and issuance of civil aviation
regulations. (3.2-[18])

Organize a program to continuously monitor ICAO SARPs and
industry best practices for safety improvement and distribute
them to the relevant organizations for applicable review and
necessary action and oversight of their progress. (3.2-[18])

Establish an integrated safety assessment and oversight
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mechanism to supervise all plans and implementations. (3.2-
[19])

7. Evaluate and support appropriate research to develop This is an industry wide issue, and should be addressed
technologies and methods for enhancing air traffic controllers’ through ICAO and IATA.

abilities in providing objective information regarding water-

affected runway conditions (wet versus contaminated) in This recommendation should be withdrawn, as it is not

heavy rain situations to pilots. (3.2-[4]) appropriate to address this issue to an individual
regulator.

8. Immediately implement all items, or acceptable alternative

standards, at CKS and other ROC airports, that are not in

compliance with ICAO SARPs and applicable documents,

such as SMGCS plan, the emergency medical procedure, etc.

(3.2-[16, 20, 32))

9. Ensure that the ARFF at Taiwan airports have the necessary As well as manpower, this recommendation should also
manpower to perform their assigned tasks, as compared to encompass training, equipment and procedures.

similar level 9 international airports. (3.2-[36]) Reference should be made to equipment, such as a
breathing apparatus simulator, and to procedural issues —
for example, the need for a contingency plan for effective
aircraft disaster management under severe weather
conditions.

10. Establish sufficient emergency communication channels for This recommendation should read as follows:

Taiwan airport emergency rescue operations. (3.3-[17]) ‘ Review the communication system at Taiwan airports to
develop an integrated plan for improved communications
between all agencies involved during emergency rescue
operations’ .

11. Ensure that its regulations pertaining to post-accident/incident This recommendation should be re-worded for

toxicological testing of surviving crewmembers following
aircraft accidents in Taiwan is performed for accident/incident
prevention purposes. (3.3-[15])

clarification, and should include reference to the testing of
air traffic control personnel.

To Ministry of Transportation and Communications, ROC (MOTC)

The Safety Council recommends that the MOTC:

1.

Establish professional oversight capabilities for CAA’ s safety
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improvement actions and programs for promoting flight safety.
(3.2-[20])

2. Proactively provide support to the CAA’ s safety action plans,
such as the ASDE procurement process. (3.2-[20])
3. Grant full authorization to the CAA to avoid lengthy waiting

periods for improving and implementing technical safety
regulations. (3.2-[21])

To the Boeing Company

The Safety Council recommends that the Boeing Company:

1.

Provide information for operators’ reference regarding
emergency evacuation slide operation in high wind conditions.
(3.2-[34])

Recommendation needs to be clarified.

Consider redesigning the mechanisms of emergency slide
packs for lateral G endurance to avoid uncommanded slide
inflation during moderate crash forces. (3.2-[35])

Evaluate means to have better illumination of emergency
lights for survivors in dense smoke conditions following
survivable impact accidents. (3.2-[30])

To International Civil Aviation Organization (ICAO)

The Safety Council recommends that ICAO:

1.

Develop Standards that would require ASDE or comparable
equipment as standard equipment at civil airports with high
traffic volume. (3.2-[16])

Amend Annex 14 to include clear Standards for defining and
protecting a partially closed runway that may be used for taxi
purposes. (3.2-[16])

Consider accepting CAA of ROC to patrticipate in various
ICAOQO activities as an observer, solely for the purpose of safety
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improvement, even though ROC is not a contracting State.
(3.2-[21)

4. Support the establishment of a government/industry program

involving Flight Safety Foundation, IFALPA, Airports Council
International, and the IATA Safety Committee to develop
objective methods to assist pilots in assessing whether a
runway is “wet” or “contaminated” due to the presence of
water. (3.2-[4])

5. Encourage and support the establishment of research by

governments and industry into improved passenger smoke
protection and improved emergency evacuation slide
performance in heavy winds and post-accident fire. (3.2-[30,
34])

To International Air Transport Association (IATA)

Based on the lessons learned from the circumstances of the
SQO006 accident, including severe impact forces and breakup of
the aircraft, strong winds and heavy rain, and heavy smoke and
fire, which rendered many emergency evacuation systems
inoperative and procedures ineffective, provide support to an
international joint government/industry program to develop
possible improvements to emergency evacuation equipment and
procedures for the prevention of future injuries and death. (3.2-
[24])

To the Federal Aviation Administration (FAA) of the US

Based on the lessons learned from the circumstances of the
SQO006 accident, including severe impact forces and breakup of
the aircraft, strong winds and heavy rain, and heavy smoke and
fire, which rendered many emergency evacuation systems
inoperative and procedures ineffective, provide support to an
international joint government/industry program to develop
possible improvements to emergency evacuation equipment and
procedures for the prevention of future injuries and death. (3.2-
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[24])

To the Joint Airworthiness Authorities (JAA)

Based on the lessons learned from the circumstances of the
SQO006 accident, including severe impact forces and breakup of
the aircraft, strong winds and heavy rain, and heavy smoke and
fire, which rendered many emergency evacuation systems
inoperative and procedures ineffective, provide support to an
international joint government/industry program to develop
possible improvements to emergency evacuation equipment and
procedures for the prevention of future injuries and death. (3.2-
[24])

Safety Actions Taken or Underway

According to Ministry of Communications and Information
Technology (MCIT)

1. SIA has introduced situation awareness training as
separate module in it upgraded CRM training. The new CRM
training programme for the flight crew will also take into
account on-going global developments in aviation human
factors training.

With regard to * Safety Actions Taken or Underway’ , see
Note above at the beginning of Singapore team’ s
comments on the * Safety Recommendations’ section.

See also the Singapore’ s team’ s submission on Safety
Actions at Appendix 1 to Part 1 of the Singapore team’ s
comments.

2. SIA has initiated redesign of the female cabin crew’ s
footwear in December 1999. New footwear has been
introduced after the accident.

3. SIA has included in all company pre-takeoff checklists an
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item formally requiring positive visual identification and
confirmation of the correct takeoff runway.

According to Civil Aeronautics Administration, ROC (CAA)

1.

Enhancements to CAA Regulations and Procedures
Reviewed all ICAO Annexes, including collection of
information and revising local laws and regulations to
meet such requirement as well as to establish a
mechanism for such need.

A total of 18 items concerning the ICAO Annexes
has been tasked to relevant units to look after, and
be reviewed and consolidated by appropriate
organizations

Organizations are required to review and update
CAA laws and regulation as required

Reviewed Airport Certification Standards and Procedures

Based on FAA [Airport Certification Program
Handbook] and invited expatriate advisors, the CAA
will establish an auditing program for Certification
Standards.

Revise CAA regulation and specification based on
Annex14 and related articles.

Developed Airport Design and Operations Regulations

Established Runway and Taxiway Specification in
2000

Assigned consultant on Domestic Airport Design
Spec study, in 2000

Established Lighting Specification

Airport Selection and Master Plan Spec and Airport
and Related Facility Design Spec to be completed in
2002

Improved Airport Facility Management

Established Airport facility and NAVAID inspection
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team

- Established Inspection Plan that requires a two-
stage inspection program to improve those areas not
meeting requirements

Developed CAA Monitoring System for Airport Self-
inspection

- FAA specialist will conduct training on Airport
Inspection (FAR Part 139) March 2002

- Planning to establish Airport Inspector System to
perform relevant airport inspections

- Conducted Ground Handling Management-level
Seminar and held a panel discussion to execute a
plan for resolving issues - February 2001

2. Airport Monitor and Management System

Developed Airport Self-inspection and Crisis
Management System

- Airports are to set up safety inspection team

- Developed an Airport Self-audit and Risk
Management program in a self-audit handbook,
including flight safety, ground safety, NAVAID facility
and airport facility, and etc.

- Developed a Safety Inspection Team schedule to
call upon relevant CAA organizations to
review/revise the self-audit handbook.

Invited FAA Advisor to review CKS Airport and KHH
Airport and provide general assessment for further
improvement

Developed a team of related units to conduct daily
inspections of facilities and make effective corrections as
required

Demanded contractors to strictly adhere to the ICA and
FAA'’ s safety working procedures

3. CKS Airport Facility Improvement
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Painted new runway and taxiway markings

For South section of airport, new markings were
completed on July 6, 2001, in accordance with the
ICAO standards,

North section is under construction and will be
completed on November 27, 2001

Taxiway centerline marking will be completed March
31, 2002 in accordance with the ICAO standards

Airport Lighting

Adding to taxiway centerline lights from N1, and will
be completed by January 31, 2002

Renew sign boards for Runway 05/23 and 06/24,
and will be completed by March 1, 2002

Installing Runway Guard Lights for Runway 05/23
and will be completed by January 31, 2002

Installing yellow-green taxiway centerline lights on
Runway 05/23, and will be completed by January 31,
2002

Installing Stop Bar on Runway 05/23 and will be
completed by December 31, 2003

Airport Pavement

Taxiway S1-S2 indicating boards base adjustment
were completed July 2001

Installed signs at the intersections of all service
roads and taxiways, and was completed on July 31,
2001

Resurfaced Runway 06/24 and related taxiways, and
was completed on July 31, 2001

Plans to Resurface Runway 05/23 and related
taxiways, and will be completed by January 31, 2002

Improvement of CKS Fire Fighting Facilities and

Equipment

Developed Watch Room Center which was opened on
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September 26, 2001

Revised and enhanced Airport Emergency Plan in
accordance with the ICAO standards.

- CKS International Airport All Emergencies Handling
Procedures and the Civil Aircraft Accident Handling
Procedures were amended, the CKS International
Airport Aircraft Emergency Landing Procedures were
established June 26, 2000, and the CKS
International Airport Emergency Rescue Procedures
were established October 11, 2001

- CAA organized an Emergencies Procedure Project
Team August 2001 based on the ICAO specification
to revise Aircraft Accident Handling Plan

5. Improvement to Air Traffic Control System

Enhanced air traffic control operations monitoring system
on June, July, August and September 2001

Conducted refresher training to air traffic controllers on
April and May 2001




Part 5

Comments by the Singapore Ministry of Transport Investigation
Team on the * Survival Aspects’ of the ASC Draft Final Report

Section |
Introduction

1 The ASC has commendably examined the various aspects of the
emergency response to the SQ 006 accident. The comments below are intended
to assist the ASC to improve these sections of the Final Report.

Comments on Section 2.6.1 of ASC draft Final Report

2 To be more accurate, the analysis of the survival factors in the ASC draft

Final Report should acknowledge the extreme circumstances that confronted the
crew. Although the SQ 006 accident was a catastrophic accident, the ASC report
analyses the actions of the crew in the context of procedures which are primarily

applicable to non-catastrophic situations.

3 Additional comments are provided in Section 4 below to highlight certain
inaccuracies in the ASC factual information.

Section 2
Emergency Evacuation

4 We suggest that ASC’s analysis of the post-accident performance of the
crew of SQ 006 (paragraph 2 of 2.6.1 of ASC draft Final Report) should
acknowledge the existence of the following statements in the SIA Aircrew Safety
Emergency Procedures (ASEP), which apply specifically to extreme
circumstances such as those faced by the crew of SQ006:

...each emergency is essentially unique, no procedures can include all
possible types of accidents or emergencies. The land evacuation
procedures should be considered as guidelines for effective and quick
action by crew members. These procedures should not preclude the
use of initiative in circumstances which dictate a variation from the set
procedures.

...Neither is it possible to dictate the exact steps to follow in such
situations. In an emergency situation, cabin crew should in most
circumstances start an emergency procedure only after an order from
the captain. However in cases which are clearly catastrophic, individual
crew members should be prepared to act immediately on their own
initiative.
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5 The severe dynamics of the accident following the initial impact, when the
aircraft was rotating, breaking apart and catching fire, were traumatic for both
crew and passengers. The factual evidence shows that the crew of SQ 006
carried out their duties to the best of their ability in these catastrophic
circumstances.

6 In summary, the analysis and findings of the ASC Final Report with regard
to the performance of the SQ 006 crew following the accident should take into
consideration the above comments.

Section 3

Comments on Section 2.6.4 of ASC Draft Final Report

7 Evidence shows that the CKS Airport Rescue and Fire Fighting (ARFF)
team did not use their breathing apparatus during the rescue operations. The use

of breathing apparatus during the rescue operations could have possibly

contributed to the rescue of passengers who were trapped in the aircraft. We
suggest that appropriate findings and safety recommendations be developed in

this area.
Section 4
Comments on ASC Factual Section on Survival Factors

1. Para 1.12.2.3.2 Doors and Evacuation Slide/Rafts (Page 88 of ASC Draft
Final Report):

Door 4R

‘Soot and fire burnt damage were found at inlet of aspirators to the inner skin of
slide. See Figure 1.12-11".

The above information was not officially verified by the Survival Factors Group.

2. Para 1.12.2.3.2 Doors and Evacuation Slide/Rafts (Page 88-89):

Door 4L

The word ” close” should be replaced by “ cocked open “

This is based on the Survival Factor Group Report, paragraph 1.3.2.2, Doors and

Evacuation Slide/Rafts, which states that; ‘Door 4L was found intact and in a
“cocked open” position.’
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3. Paral.12.2.3.2 Doors and Evacuation Slide/Rafts ( Page 89):

In the table 1.12-2, under the column ‘status’ it is indicated that the UDR and
UDL doors were opened by the UDR cabin crew.

As there are conflicting testimonies regarding the opening of these doors, it could
not be determined who opened the UDR and UDL doors. Therefore, the relevant
entry in the column ‘Opened By’ should be ‘unknown’ .

4. Para 1.15.1.1 SIA Crewmember’ s Emergency Evacuation Procedures and
Training [Para 3] (Page 97):

‘Land evacuation procedure should be conducted quickly and efficiently.
The initiation of an evacuation is the Commander's responsibility. Should a Cabin
Crew consider that an evacuation is necessary, he/she should advise the
Commander of the situation and await his decision. In cases, where it is obvious
that an evacuation is imperative and no contact with the cockpit is possible, the
Cabin Crew should initiate the evacuation immediately on his/her own.

(Especially for CIC).

The first sentence should be quoted separately from the second sentence
onwards as they are extracted from different paragraphs of Chapter 4, Section 4

of the ASEP manual.

The last sentence ‘(Especially for CIC)’ should be deleted as it is not in the
content of the ASEP manual.

5. Para 1.15.1.1 SIA Crewmember’ s Emergency Evacuation Procedures and
Training [Para 6] (Page 98):

This cabin evacuation trainer is programmed with an automated Captain’s PA
announcement to cabin crew and passengers to prepare for an evacuation,
brace for impact and to evacuate the aircraft.

The fourth sentence in paragraph 1.15.1.1 of the ASC draft Final Report should

be corrected, as it has incorrectly stated that ‘the CIC declared the emergency
evacuation'.

6. Para 1.15.1.1 SIA Crewmember’ s Emergency Evacuation Procedures and
Training [Para 7] (Page 98):

The pilots practise evacuation commands via the PA system in the flight
simulator during their regular proficiency checks.
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The alternate method of ordering an evacuation in the absence of a pilot's
evacuation command is for the cabin crew to initiate the evacuation if contact
with the pilot is not possible and an evacuation is imminent. As such, the
second and third sentences of this paragraph should be corrected to reflect this.

7. Para 1.15.1.1 SIA Crewmember’ s Emergency Evacuation Procedures and
Training [Para 3] (Page 99):

To reflect accurately the interview report, the phrase in the second last sentence
‘since no one took any action to evacuate’ should be changed to * as nobody
actually wanted to evacuate’.

8. Para1.15.1.1 SIA Crewmember’ s Emergency Evacuation Procedures and
Training [Para 4] (Page 99):

‘He then turned back and saw the left 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 shaking and weeping near the left side exit.
CM-3 instructed this cabin crewmember to jump out.’

The statement: ‘he saw a female cabin crew shaking and weeping near the left
side exit.” is not in the interview records. It should therefore be deleted.

9. Para 1.15.1.3. Upper Deck Cabin Crew’ s Emergency Evacuation [Para
2](page 99):

‘The UDL cabin crew sawthe UDR crew attempted to open the UDR exit and
was forced to move backward because of the fire and smoke from the UDR exit
immediately after his opening of this exit. The UDR cabin crew then opened the
UDL door. As the UDL door was opened, the slide/raft inflated and the fire
burned and deflated this slide/raft immediately.’

The above statements are incorrect as they are not supported by the evidence of

the UDL cabin crew. The UDL crew, in her interview, only stated that she saw
the UDR cabin crew attempting to open the UDR door, but he was not successful.

10. Para1.15.1.6 Emergency Equipment [Para 1] (Page 103):

Not all cabin crew were asked during the interviews by ASC if they carried the
torches from their stations during the evacuation. It should be noted that during
the breakup of the aircraft, the torches could have dislodged from their place of
storage and it would not be possible for cabin crew to locate the torches.

11. Paral1.15.1.6 Emergency Equipment [Para 2] (Page 103):
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These statements do not take into consideration the catastrophic circumstances
of the accident to SQ 006.
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Part 6

Singapore Ministry of Transport Investigation Team comments on
Section 2 of ASC draft Final Report ‘Analysis’

ASC Draft Final MOT Comments

Reference : Analysis, para 2, ASC Draft Final Report page 175

G8-,

Chapter 2 starts with a general description of the factors we ruled out In accordance with current usage of the Reason model, the
from the investigation as it is shown in Section 2.1. Section 2.2 term ‘unsafe acts’ should be replaced with * individual or team
provides the necessary structural failure sequence of this accident. actions’ .

Section 2.3 and 2.4 analyze the condition of the airport at the time of
the accident, the ATC procedure during the accident sequence, as well
as the organizational; and management factors of the CKS Airport and
CAA of ROC. Section 2.5 analyzes the crew performance and the
related crew training, coordination, the unsafe acts by the crew, and
the defenses that we consider to be important to this accident. Section
2.6 provides analysis of the post accident fire, rescue and medical
condition, or the survivor factors analysis. And Section 2.7 provides
the analysis of the safety issues that are deemed important for the
improvement of aviation safety.

Reference : 2.1 General, para 3, ASC Draft Final Report pagel76

The air traffic controllers involved with flight SQ006 were properly Suggest replacing with:

certificated. The evidence from CVR, FDR, interviews with ATC ‘ The evidence from CVR, FDR, interviews with ATC controllers
controllers and the flight crew indicated that the ATC taxi instructions and the flight crew indicated that the ATC taxi instructions and
and takeoff clearance did not mislead the crew to take off from the takeoff clearance were for Runway O5L.’

partially closed Runway 05R. ATC procedures, airport infrastructure
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issues and the performance of CAA management are discussed later
in this chapter.

Reference : 2.3.1.1 Design of Taxiway N1 Centreline Marking, para
2, ASC Draft Final Report pagel81-182

By calculation, the distance between the south edge of the Runway
05R and the tip of the curvature where N1 centerline made a turn into
Runway 05R was 32 meters and the distance between the north edge
of the Runway 05R and the tip of the curvature where taxiway
centerline marking turned away from Runway O5R to join Taxiway N1
was 35 meters. According to the CAA civil engineering specifications
(ATP-AE 1000301: 3.8.5.1) as stated earlier, the N1 centerline
marking should have a 20-meter extension from the tip of the
curvature toward Runway 05R and a 23-meter extension away from
Runway 05R toward Runway O5L.

A diagram should be inserted to illustrate the missing segment
of taxiway centre line marking and what ought to have been
provided on site according to the specifications of CKS ATP-AE
1000301: 3.8.5.1, ICAO Annex 14 and FAA requirements to
guide aircraft from Taxiway NP across the threshold of Runway
O5R towards Runway O5L.

Reference : 2.3.1.1 Design of Taxiway N1 Centreline Marking, para
4, ASC Draft Final Report page 182

The FAA Advisory Circular 150/5340-1H indicates that the taxiway
centerline marking should stop at the edge of a runway

FAA AC 150/5340-1H also states that taxiway centreline
markings ‘shall continue across all runway markings’ for

those taxiways used for low visibility (RVR below 360m) with
the exception of the runway designation markings (Item
1.10.3.1.2, Page 58 of the Factual Section).

Reference : 2.3.1.2.2 Spacing of Taxiway Centerline Lighting
para 4, ASC Draft Final Report page 183

The Safety Council considers that the spacing of the taxiway centerline

Instead of considering this deficiency as ‘ increased the risk’ |, it
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lights at the time of the accident increased the risk of the safety aircraft
operations, as it will further be discussed in section 2.5.

should be classified as a factor related to * probable cause,’ that
led the crew to taxi into Runway 05R as elaborated in Section
2.5.7.2.2 below.

Reference : 2.3.1.2.3 Unserviceable Taxiway Centerline Lights
para 1, ASC Draft Final Report page 183

ICAO Annex 14, Vol.1, Paragraph 9.4.23 indicated that two adjacent
unserviceable lights were not permitted when the RVR is less than 350
meters. The Safety Council found during the site survey on November
4 (four days after the accident) that the second light after N1 departed
from the tip of the taxiway curvature was out of service. In addition, the
third light' s luminance intensity was substantially degraded. However,
there were no reports from the CKS Airport Flight Operations Section,
airfield lighting Maintenance Group, or any other flight crew taking off
from Runway O5L on the evening of the accident stated that there
were two adjacent unserviceable lights along Taxiway N1.
Furthermore, flight crews prior to the evening of the accident had
submitted no safety concerns or reports about the Taxiway N1 lighting.

It is not a requirement or routine practice for flight crew to report
specific unserviceable lights to ATC.

Reference : 2.3.1.2.3 Unserviceable Taxiway Centerline Lights
para 2, ASC Draft Final Report page 183-184

Thus, the Safety Council concluded that although the second Taxiway
N1 light was not serviceable and the third light was less intense on the
evening of November 4, 2000, the status of these N1 taxiway lights on
the night of the accident might or might not be the same as in
accordance with the findings of the November 4 inspection.

It is highly improbable that these two lights only became dim or
unserviceable in the short span of time between the time of the
accident and the evening of 4 November 2000.

Reference : 2.3.2 The Installation of Runway Guard Lights (RGL)

para l, ASC Draft Final Report page 184
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ICAO Annex 14 (third edition-July 1999) Vol. 1, Paragraph 5.3.20.1,
stated that a configuration A Runway Guard Light (Figure 2.3-1) shall
be provided as a standard. FAA AC 120-57A Paragraph 8b suggests:
runway guard lights to be provided when operating below RVR 365
meters. AC 150/5340-28 also mentioned: RGL provides a distinctive
warning to anyone approaching the runway holding position that they
are about to enter an active runway. CKS Airport didn’ t install
configuration A RGL at the location greater than 75 meters from the
05L/23R runway centerline along Taxiway N1. Therefore, it does not
meet the standard stated by ICAO.

This statement gives an impression that CKS Airport installed
runway guard lights, but at an incorrect location, when in fact,
there were no runway guard lights at all.

Reference : 2.3.2 The Installation of Runway Guard Lights (RGL)

para 3, ASC Draft Final Report page 184

If CKS Airport had installed RGL at the location on both the left and
right sides of Taxiway N1 as required by the ICAO standard, that is, 75
meters from the centerline of Runway 05L, the distance from that
location to the centerline of Taxiway NP would be 249 meters and the
distance to the intersection on Taxiway N1 that turns into Runway 05R
is about 175 meters. Since the RVR on the night of the accident was
450 meters, the crew could have had one indication that the CAT I
Runway (05L) was still ahead of them, as it will be further discussed in
Section 2.5.

This statement gives an impression that CKS Airport installed
runway guard lights, but at an incorrect location, when in fact,
there were no runway guard lights at all.

Reference : 2.3.3 Safety Considerations for Temporarily and
Partially Closed Runway, para 1, ASC Draft Final Report page
184-185
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ICAO Annex 14 is the source of the generally accepted safety
standards for the marking of temporary closures of aerodrome
maneuvering surfaces. There can be no question that those operating
aircraft and other vehicles on aerodromes need clear indications of
temporarily closed maneuvering areas. It is obvious that such
indications should provide warning during all operating conditions. One
way to do this is through the publishing of NOTAMs and broadcasting
on the ATIS. That was done at CKS around the time of the accident.
The other form of warning is the physical outlining of the temporarily
closed area. Where the area can be marked without disrupting traffic
and the approach is generally simple. Where, as at CKS, there would
be a major disruption through the closure of the entire length of the
runway and the problem was much more complex. In this instance, the
problem was not in closing the runway, as a runway, but in closing it in
its virtually exclusive use as a main taxiway.

It is possible to provide visual warnings on the temporary
closure of Runway 05R-23L and the unserviceable area,
without any significant impact on the efficiency of operations.
This could have been achieved by closing Runway 05R-23L for
taxiing operations between Taxiways N1 and N2.

Reference : 2.3.3 Safety Considerations for Temporarily and
Partially Closed Runway, para 2, ASC Draft Final Report page 185

When an area is temporarily closed, it is preferable to use frangible
markers. The lighted Jersey blocks were not frangible. An attempt was
made by the airport authority to mark the construction area and
maintain operations at a reasonable level at the same time. The efforts
of the airport and the knowledge of the crew of the closed area in
combination did not prevent the aircraft from attempting to depart into
the closed area. The Safety Council believes, in addition to enhance
crew training, the airport has an obligation to seek a more compelling
form of indicating closed areas.

Earlier NOTAMs and AIP Supplements indicated that the CKS
Airport had intended to permanently close Runway 05R/23L
and re-open it as Taxiway NC after repair works had been
completed. As such, the runway markings should have been
removed, the runway lights decommissioned, and more
importantly, closure markers should have been strategically
placed to prevent crew from entering and taking off from the
closed runway.
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Had these steps been taken, the accident could have been
prevented.

Reference : 2.3.4.1 Evidence Regarding Status of Runway 05R
Edge Lights, para 2, ASC Draft Final Report page 185

Although videotapes from airport security and a passenger aboard
CI004 recorded events in the general location of Runway 05R about
the time of the accident, including the landing lights of SQ006 during
its takeoff roll and the initial explosion and subsequent fire, Runway
05R edge lights were not perceptible at the time immediately before, or
after, the accident. It was stated in 1.18 that the exterior lights of
SQO006 were visible on airport security camera no. 77, if the Runway
05R edge lights were on, they should have been visible on the video
as well. Although the quality of the videos in the prevailing weather
conditions precludes a definite conclusion regarding the status of the
edge lights, this evidence strongly suggests that the Runway 05R
edge lights were not on during takeoff roll.

The status of the O05R runway edge lights could not be
conclusively determined.

Reference : 2.3.4.1 Evidence Regarding Status of Runway 05R
Edge Lights, para 3, ASC Draft Final Report page 185

The absence of an interlocking system to prevent simultaneous
operation of the edge lights for Runways 05R and its centerline lights
made it possible for both to be powered at the time of the accident, if
an error was made in the tower. However, statements from the ATC
controllers indicated that none of them had turned on the Runway 05R
edge lights. Although this evidence is not conclusive that the lights

The presence of an interlocking system would have prevented
the possibility of such human errors on switching of the lights.

There had been past reports of mistakes involving the switching
on or off of airfield lights.




T6-L

ASC Draft Final

MOT Comments

were off, it is plausible because there was no need for the edge lights
on Runway 05R to be illuminated at the time of the accident.

Reference : 2.3.4.1 Evidence Regarding Status of Runway 05R
Edge Lights, para 3, ASC Draft Final Report page 185

Two Captains operating near the time of the accident were questioned
about their observations of Runway 05R lighting. The Captain of

Cl004, which was taxiing along Taxiway NP for takeoff on Runway 05L
when SQO006 crashed, stated that he first saw SQ006 when his aircraft

was abeam A7 gate. He said that SQ006 was already in its takeoff roll.

He could see the accident aircraft’ s landing lights, but could not
determine if the aircraft was airborne. He also said that visibility was
good, but the rain was heavy at the gate, although it was “on and off.”
The Captain of Cl004 said that he did not see any lights on either
Runway 05R or 05L, although he did recall that Taxiway NP taxi lights
were on. He stated that SQ006’ s landing lights were visible as it
moved down the runway, but “the rest was pitch dark.” Since the
landing lights of SQ006 during its takeoff roll were visible to the
Captain of Cl004, it is very likely that the Runway 05R edge lights
were not on or he would have seen them, since they were only about
110 m from Taxiway NP.

The Captain of flight CI004 was focused on the aircraft and its
bright lights while taxiing on taxiway NP, and as such peripheral
details including the runway edge lights might not have
registered with him.

Reference : 2.3.4.1 Evidence Regarding Status of Runway 05R
Edge Lights, para 8, ASC Draft Final Report page 186
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According to ATC recorded transmissions, about 40 minutes after the
accident, the CKS SFOO called the CKS tower using his hand-held
radio and requested that all runway lights of Runway 05 be turned on
(he did not specify O5L or O5R). This statement makes it clear that the
edge lights for Runway 05R were off at that time. However, the RVR
printout revealed that Runway 05L edge lights were also off at this
time and came on shortly after the SFOO requested all runway lights
to be turned on. Thus, this evidence does not enable the Safety
Council to draw a conclusion regarding the status of the edge lights at
the time of the accident.

This statement indicates that the edge lights for Runway 05R
were off at the time of SFOO’ s request. But they may or may
not have been on at the time of the accident. The runway edge
lights could have been switched off when the runways were
closed soon after the accident.

Reference : 2.3.4.1 Evidence Regarding Status of Runway 05R
Edge Lights, para 9, ASC Draft Final Report page 186

The tests and research conducted on the two runway edge light wires
from the locations of RE239 and RE240 revealed conflicting evidence.
The absence of arcing damage on the wire strands from RE239
suggests strongly that the light was not powered when it was damaged
by aircraft debris during the accident, or by AFFR vehicles shortly after
the accident. The absence of arcing more likely indicates that the light
at the location RE239 was not powered when SQ006 commenced its
takeoff.

The absence of arcing damage on the wire strands from RE239
does not necessarily suggest the absence of electrical power at
the time when the light fitting was damaged by foreign objects.
From test results of arcing experiments conducted by Dr Hsu
and Dr Lim of NUS/DSO, the absence of globules when the
airfield light wires are separated does not necessarily preclude
the possibility of the airfield light being powered on at the time
of separation.

Reference : 2.3.4.1 Evidence Regarding Status of Runway 05R
Edge Lights, para 10, ASC Draft Final Report page 186-187

The evidence of arcing on the wire strand ends and along length of the

While the scenario painted is plausible, the arcing damage
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wire from the location of RE240 reveals that, at some point, the wires
were connected to a power source and arcing damage occurred. The
examinations of RE240 and tests conducted after the accident suggest
the possibility for the arcing damage. Assuming that the edge light at
location RE240 was on when wreckage or fire and rescue vehicles
passed over it, the arcing could have occurred when the wire
separated. That scenario could easily explain the arcing noted on the
wire strand ends. However, it does not explain the arcing damage
along the wire lengths that would have been protected by insulation
until the post-accident fire burned the insulation away. The ATSB
laboratory report suggests that the fire damage to the wire strands of
RE240 involved a “boundary effect” whereby the plug end of the wire
was immersed in a liquid, which protected it, while the remainder of the
wire insulation burned away. If that were the case, arcing evidence on
the wire lengths would have to have occurred sometime after the
insulation burned away, possibly after power was re-applied to the
lighting system about 40 minutes after the accident. Tests conducted
by CSIST revealed that arcing of this nature can occur both along the
length of the wire strands, and at the strand ends where globules were
found after the wired are separated and subsequently momentarily
contact metal to ground with power available.

found at the ends of the wire strand, and those along the sides
of the wire, could have been produced as a result of two
separate events: the former when the wires were knocked away
and pulled apart by the wreckage, and the latter as the result of
an after-event.

Reference : 2.3.4.1 Evidence Regarding Status of Runway 05R
Edge Lights, para 11, ASC Draft Final Report page 186

Regarding the arcing damage found on the length of the wires, the
Safety Council developed a probable scenario to explain the origin of
the damage.

There are other scenarios which are consistent with the
evidence, and which indicate that the runway edge lights were
on at the time of the accident.
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Reference: 2.3.4.2 Summarized Analysis of the Status
of Runway 05R Edge Lights, para 2, ASC Draft Final Report page
187

In summary, although some of the evidence regarding the status of the
Runway 05R edge lights at the time of the takeoff of SQO006 is
inconclusive, the Safety Council believes that the preponderance of
evidence indicates a high probability that edge lights were off during
the SQO006 takeoff.

There is a lack of evidence to determine conclusively
whether the lights were on or off at the time of the
accident.

Reference : 2.3.5.2.2 Current Status of Modification and Updating
of Local Regulations, para 1, ASC Draft Final Report page 190

On September 3, 1987, the CAA published its “ Civilian airport civil
engineering design standard and specifications” and “ Airfield air
navigation lighting specification”. The CAA regulations have not been
regularly revised to reflect the most recent amendments to ICAO
SARPs. Interviews with CAA personnel indicated that an effort to
modify domestic regulations to reflect the most recent ICAO SARPs
did not begin until 1999. CAA was planning to complete a revision of
the civil aviation regulations by the end of 2001. Furthermore,
adherence to international standards and recommended practices is
an essential component of aviation safety. However, because of
political reasons, Taiwan is not an ICAO signatory and receives no
direct help or information from ICAO. This isolation from the primary
international aviation advisory and standards body has had an adverse
bearing on Taiwan’ s ability to conform to ICAO SARPs.

Although Taiwan is not an ICAO Contracting State, it has stated
in the AIP that it is in compliance with ICAO SARPs.

Reference : 2.3.6 Summary of Organization and Management
Related Airfield Deficiencies, para 4, ASC Draft Final Report page
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191

1. Deficiencies caused by inadequate administrative
management:
Safety measures during airfield work in progress;
Process of converting Runway 05R into Taxiway NC;
Fail to revise CAA regulations to reflect updated ICAO
SARPs.

Should also include:

Inadequate maintenance and monitoring of airfield

lights to keep up with the required standards

Reference : 2.4.1 Low Visibility Taxiing and Ground Movement
Instruction, para 4, ASC Draft Final Report page 192

According to the Chief of CKS Control Tower, the purpose of the ATC
low visibility taxi procedure was to prevent aircraft accidentally taxiing
into each other. When the CKS Ground Controller issued the taxi
clearance to SQ006, SQ006 was the only aircraft taxiing in the area. In
addition, the Ground Controller stated that he was able to maintain
visual contact with SQ006 until the aircraft was handed off to the Local
Controller on Taxiway NP. Therefore, the Ground Controller did not
inform the SQO0O06 crew that part of the airport was invisible from the
tower and to slow down the taxi with caution. Furthermore, the Chief of
Tower stated that according to the ICAO Procedures for Air Navigation
Services (ICAO Doc 4444) and the Manual of Surface Movement
Guidance and Control Systems (ICAO Doc 9476), there is no
requirement for a Ground Controller to advise pilots that they are not
visible from the tower.

The ATP 88 requires air traffic controllers at CKS Airport to
advise pilots on the ground when their aircraft are not visible
from the tower. However, this was not done on the night of the

accident.

Reference : 2.4.1 Low Visibility Taxiing and Ground Movement
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Instruction, para 6, ASC Draft Final Report page 192-193

It is apparent that the controller did not issue progressive ground
movement instructions and did not use the low visibility taxi
phraseology to remind the aircraft to slow down its taxi. Based on the
evidence, including the comments made by the flight crew on the CVR
about taxi speed, the Safety Council concludes that the taxi speed of
SQO006 did not contribute to this accident. However, if the controller
had issued progressive taxi instructions to the SQ006 crew, it is likely
that this would have significantly enhanced the flight crew’ s situational
awareness.

As stated in the analysis (Item 2.4.1 of page 192/193), had the
ATC complied with the CKS Airport’ s SOPs, ‘it is likely that this
would have significantly enhanced the flight crew’ s situational
awareness’ . This is a significant finding that ought to have been
included in the * findings related to probable causes’ .

Reference : 2.4.2 Airport Surface Detection Equipment (ASDE),
para 2, ASC Draft Final Report page 193

In conditions of heavy rain, the presentation of an ASDE display can

be diminished considerably by the attenuation of the rain beam. There
was extensive precipitation at CKS Airport because of the approaching
typhoon weather at the time of accident. Therefore, it is not clear
whether the ASDE could have provided useful information to the
controllers to prevent the accident. However, during interview, the
Controller A believed that ASDE could have prevented this accident.
Nonetheless, there is a possibility that had ASDE been installed and
used by the controllers, it might have alerted them to the incorrect taxi
route of SQ006.

To amend the clause to ‘... diminished considerably by the
attenuation of the radar beam in the rain.’

The phrase ‘ incorrect taxi route of SQ006’ is misleading. It
should be worded as ‘... it might have alerted them that SQ006
did not taxi onto the assigned departure runway at the end of its
taxi route.’

Reference : 2.4.4 Taxi Navigation Cycle, para 1, ASC Draft Final
Report page 196
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The FAA Advisory Circular (AC) No. 120-74 dated June 2001,
provides guidelines for the development and implementation of SOPs
for conducting safe aircraft operations during taxiing, focusing on the
activities occurring within the cockpit. Sections of the AC provide a
useful frame of reference for assessing the low visibility taxiing
performance of the crew of SQO006. Flight crew procedures are
addressed in Part 5 of the AC. The following paragraphs have
examined the performance of the SQ006 crew against relevant criteria
outlined in the AC. Measured against the guidelines set out in AC 120-
74, the performance of the SQO06 crew revealed some areas in their
performance and that of SIA procedures or training that needed
improvement. Neither the flight crew nor SIA met the basic
benchmarks in their entirety.

This is not correct. The SQ 006 crew met the relevant criteria
set out in the FAA AC120-74, as shown by the CVR evidence.

Reference : 2.5.4.1 Taxiing, para 1, ASC Draft Final Report page
196-197

On the night of the accident, the flight crew followed the taxi checklist
and procedures in accordance with the SIA B747-400 Operations
Manual and navigated themselves accurately until the aircraft
approached the end of Taxiway NP. The flight crew was somewhat
distracted by the execution of the before takeoff procedures and tasks,
and it was likely that this impacted upon the crew’ s monitoring of the
final phase of the taxi. Interviews with the flight crew indicated that
they did not monitor the final phase of taxi (the turn from Taxiway NP
onto Runway 05R via N1) in accordance with the airport chart and
associated aircraft-heading indications. Furthermore, the crew did not
check the taxiway and runway signage and markings to help verify the

There is no evidence to substantiate that the ‘crew was
somewhat distracted by the execution of the before takeoff
procedures and tasks’. Such tasks are not distractions, they are
an essential part of normal operations.

Instead, they were misled by the prominence of the taxiway
single line of taxiway centreline lights leading onto Runway 05R
and the absence of runway closure markings on Runway O5R.
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position of the aircraft when the aircraft turned from Taxiway NP onto
Runway 05R via Taxiway N1. The pilots’ field of view during the critical
turn from NP onto Runway 05R will be discussed in Section 2.5.7.1 of
the report.

Reference : 2.5.4.2 Flight Crew Awareness, para 1, ASC Draft
Final Report page 197

FAA AC 120-74 states;

“Flight crews should use a continuous loop process for actively
monitoring and updating their progress and location during taxi. This
includes knowing the aircraft’s present location on the route that will
require increased attention. For example, a turn onto another taxiway,
an intersecting runway, or any other transition points. As the
‘continuous loop’is updated, flight crewmembers should verbally share
relevant information with each other.”

See comments above.

Reference : 2.5.4.2 Flight Crew Awareness, para 3, ASC Draft
Final Report page 197

The taxi route originally briefed by CM-1 prior to push back was
changed by ATC during the issuance of the taxi clearance. CM-1
briefed the new taxi route but he did not include the crossing of
Runway 05R before reaching Runway 05L. CM-2 or CM-3 did not
challenge this omission.

However, it should be noted that the new taxi route did not
include a clearance to cross or hold short of R/W 05R. CM-1's
briefing of the taxi route was correct, as cleared by ATC. As
there was no error in CM-1’ s briefing, it was unnecessary for the
co-pilots to challenge CM-1’ s briefing.

Reference : 2.5.4.3 Intra-flight Deck/Cockpit Verbal Coordination,
para 2, ASC Draft Final Report page 198

Reference to the CVR shows that, prior to the turn onto Runway 05R,

The crew was certain that they were on Runway 05L as they
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the crew of SQ006 knew where they were. They had verbally
coordinated to ensure they all knew that Runway 05L was the takeoff
runway, and they had obtained the required ATC clearance to use it.
As the aircraft taxied into position for takeoff, the crew were certain
that they were on Runway 05L. However, critical information upon
which they had to rely to maintain the accuracy of their situational
awareness such as aircraft instrumentation and airport lights and
signage was not used effectively.

were misled into believing they were on the correct runway by
the visual cues presented.

It is incorrect to state that ‘ critical information’ was not used
effectively. The information was flawed.

The veracity of situational awareness depends upon the quality
of the information upon which it is based.

Reference : 2.5.4.4 Taxi Procedures, para 1, ASC Draft Final
Report page 198

Analysis of the procedures in the SIA B747-400 Operations Manual,
the FDR parameters, and the CVR transcript, indicated that the taxi
clearance which the pilots received, taxi path, taxi speed, and cockpit
conversation, were generally routine. One exception to the routine was
the flight crew discussion of alternates during taxi. The CVR transcript,
the audio recorder transcripts from CKS Airport tower, and interviews
with the 3 pilots, confirmed that the revised clearance was to taxi after
push back to Runway O5L via Taxiway SS, Taxiway WEST CROSS,
and Taxiway NP. Taxiway N1 was not specified in the clearance'. The
taxi checklist and procedures performed by the flight crew were in
accordance with the SIA B747-400 Operations Manual with the
exception of the period when the aircraft turned from Taxiway NP onto
Runway 05R. Furthermore, the flight crew did not request progressive

There was no regulatory or operational requirement for the
crew to request progressive taxi instructions. They taxied their
aircraft accurately to the final turn onto Taxiway N1

! CKS Ground Control issued the taxi clearance to SQ006 as “...taxi to Runway 05L by Taxiway SS, West Cross and NP”. The controller did not include “cross
Runway O5R” in the clearance. According to CAA ATP-88 Chapter 3-7-2 b., when authorizing an aircraft to taxi to an assigned takeoff runway and hold short
instructions are not issued, specify the runway preceded by “taxi to,” and issue taxi instructions if necessary. This authorizes the aircraft to “cross” all

runways/taxiways, which the taxi route intersects except the assigned takeoff runway.
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taxi instructions to augment their navigation accuracy in low visibility
conditions.

Reference : 2.5.4.4 Taxi Procedures, para 2, ASC Draft Final
Report page 198

00T-.

As stated in section 1.17.4.5, SIA instructs pilots to use the correct

taxiway and runway. Such admonishments are typical in complex This analysis does not take into account the fact that taxi
socio-technical industries but exhorting people to comply with such guidance information in low visibility is provided in the SIA
directives is generally an ineffective accident or incident B747-400 FCTM.

countermeasure unless specific methods to achieve the objective are
provided?® The SIA Flight Instructor Manual requests instructors to
teach pilots about the “taxi routing and situational and environmental
awareness”, but there are no detailed guidelines for taxiing in low
visibility conditions. There was no specific procedure for low visibility
taxi described in the SIA B747-400 Operations Manual. MCIT
submissions to the investigation team indicated that taxiing an aircraft
is a part of basic airmanship. There is no specific technique to be
applied for taxiing in low visibility. Moreover, SIA stated that there were
no specific requirements for low visibility taxi training for pilots
stipulated in ICAO SARPs, JAR’ s, FAR’ s or promulgated by the major
manufacturers and that SIA was following industry best practice.

2 Reason, J. (1997). Managing the risk of organizational accidents. Aldershot, UK: Ashgate.
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Reference : 2.5.4.5 SIA Low Visibility Taxi Training, para 1, ASC
Draft Final Report page 199

Although there was no industry benchmark set for low visibility taxi
training before the accident, it was found (from the CVR) that the crew
of SQO006 did not measure up to the FAA Advisory Circular AC 120-74
guidelines on taxiing practices (p. 8). The SIA Operations Manual did
not provide guidelines for operations in low visibility conditions. The
SIA Flight Crew Training Manual’ s (FCTM) low visibility training section
instructs flight crew to “...taxi slowly as necessary for safety. Do not
hesitate to request from ATC the positions of other taxiing aircraft or to
ask for a follow me car.” However, CM-1 stated that he did not receive
low visibility taxi training.

A captain of CM-1' s qualifications and experience in Cat Il and
Cat Il operations has received training in low visibility taxiing
operations as an integral part of his training package.

This training should have been checked and reviewed by the
ASC investigation team.

Reference : 2.5.4.5 SIA Low Visibility Taxi Training, para 11, ASC
Draft Final Report page 199

The flight crew did not possess an appropriate level of knowledge to
fully evaluate the effects that weather on the aerodrome might have
had on their ability to accurately navigate the aircraft on the ground. It
must be emphasized that in any complex system breakdown, there are
many factors that contribute to the outcome. The FAA’ s National
Blueprint for Runway Safety offers initiatives that address all system
elements including flight crew, ATC operations, and airport
infrastructure and safety management systems. With reference to flight
crew performance, SIA did not have a comprehensive surface

This statement is not supported by any factual evidence, and is
contradicted by the crew’s qualifications, training and
operational flying experience in all weather conditions.

Such statements, which have no basis in fact should be deleted
from the Final Report.
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movement training program.

In this case, it was not a lack of knowledge that caused the
SQ006 crew to mistake the closed Runway O05R for the
assigned take off runway O5L. The most significant factor that
contributed to this mistake was the deficient visual aids which
misled the pilots into taxiing into a closed runway.

Reference : 2.5.4.6 Summary, para 1, ASC Draft Final Report page
200

Measured against the guidelines set out in FAA AC 120-74, the taxiing
performance of the flight crew of SQ006 revealed some areas in their
performance and that of SIA procedures and training that needed
improvement. Neither the flight crew nor SIA met the FAA AC
benchmarks in their entirety. On the basis of the evidence, there were
many factors that led to the aircraft lining up on Runway 05R instead

of O5L. Some of these factors were related to the performance of the
flight crew. In summary, the SIA low visibility taxi training and
procedures did not contain all the elements of what is currently
regarded as safer and better practice in this area.

This statement is not supported by the factual evidence. See
earlier comments.

Reference : 2.5.5 Before Take-Off Check, para 1, ASC Draft Final
Report page 200

The CVR indicated that none of the flight crew orally confirmed
whether the runway they entered was Runway 05L. When an aircraft
receives a clearance for takeoff, the flight crew’ s confirmation that they
are on the active runway provides an additional measure of safety. On
runway line-up, the flight crew did not cross reference their outside
picture with the information on the CKS Airport chart.

In normal operations, once a crew has navigated their aircraft to
the runway holding position, by reference to their airport charts,,
they refer to external visual cues to guide them onto the takeoff
runway.

The ‘ confirm active runway check’ item was not a regulatory
requirement, or an industry standard at the time of the accident.
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The before takeoff check-list requires confirmation of the takeoff
runway as cleared by ATC, and this was done by the crew of
SQ 006, as shown by the CVR.

Reference : 2.5.6.2 Navigation Displays, para 1, ASC Draft Final
Report page 201

The navigation information necessary to fly the aircraft (such as track,
waypoints and lateral and vertical navigation pointers, wind speed and
direction, and other data) was shown on the Navigation Displays (ND)
in front of both pilots. When a runway is selected, the ND displays a
runway symbol, which appears as two parallel white lines. The position
of the aircraft relative to the runway is shown by the aircraft symbol
(white triangle) and identifier or label such as 05L. Runway O5L had
been selected for departure. With the intended runway centerline
being 214m (650ft.) to their left, the aircraft symbol appeared to the
right edge of the runway symbol, indicating that the aircraft was
possibly not aligned with Runway 05L. The Runway O5L label also
remained unchanged.

There are no procedural or operational requirements for the
flight crew to check these specific indications at the point of

takeoff.

Reference : 2.5.6.3.1 Para-Visual Display (PVD) Information, para
2, ASC Draft Final Report page 202

The procedure is not specified as related to Category Il operations,
rather, it is a general procedure for use of the PVD. The CAAS
approved AFM supplement indicates that the PVD assists the flight
crew in determining whether the aircraft is in the correct position for
takeoff.

This statement is factually incorrect. The wording and intent of
the CAAS approved AFM supplement has been misinterpreted

in this analysis.
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Reference : 2.5.6.3.1 Para-Visual Display (PVD) Information, para
5, ASC Draft Final Report page 202-203

As part of the investigation, information was obtained from other Asia-
Pacific B747-400 operators regarding the use of the PVD (they have
been de-identified for commercial reasons). In particular, one
operator’ s B747-400 Operations Manual stated that “ Using the runway
localizer tuned on the Navigation Radio page, the PVD provides
guidance to runway centerline during ground operations.” Ground
operations include taxiing, takeoff run, and landing roll. The operator’ s
information was consistent with the CAAS approved B747-400 AFM
supplement, which indicates that the PVD assists flight crew in
determining if they are in the correct position for takeoff.

The PVD system is designed solely to provide steering
guidance to the pilot under low visibility conditions. It is not
designed nor is it certified to assist the crew in determining
whether the aircraft is on the correct runway.

The wording referred to is also that used in the SIA Operations
Manual. The PVD is only designed and intended to be used to
provide reversionary visual guidance to the runway centerline
during the take off roll. It has no role in other ground operations.

This should have been checked with airline operators who use
the PVD.

Reference : 2.5.6.3.1 Para-Visual Display (PVD) Information, para
6, ASC Draft Final Report page 203

SIA was not operating in accordance with the CAAS approved B747-
400 AFM PVD supplement. The supplement information was not
reflected in SIA procedures and training documentation.

This statement is wrong. The supplement information was
reflected in SIA’ s procedures and training documentation.
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Reference : 2.5.6.3.2 Operational use of PVD, para 5, ASC Draft
Final Report page 204

The Safety Council was unable to determine how well the pilots of
SQO006 understood the PVD system. The flight crew did not mention
the CAAS approved supplement to the Boeing 747-400 AFM which
indicated that the PVD will shutter dependent upon whether the
“aircraft is in a position for takeoff or not”. In accordance with the
CAAS approved Boeing 747-400 AFM PVD supplement information,
the Safety Council concluded that the failure of the PVD to unshutter
indicated to the flight crew that the aircraft was not at the correct
location for takeoff. The routine operational context of PVD usage led
the flight crew to discount the unshuttered indication further.

The sole purpose of the PVD is to assist the pilot to maintain
centreline tracking during the takeoff run and not to identifiy the

‘ correct location for takeoff’ .

Reference : 2.5.6.3.3 PVD Procedures, para 11, ASC Draft Final
Report page 205

Therefore, when an aircraft positions and lines up and holds on the
runway and the PVD has not unshuttered, if the ILS frequency is
correctly selected and no message appears on the EICAS, the PVD
information indicates to the flight crew that the aircraft is not in the
correct position for takeoff.

The PVD system is designed solely to provide steering
guidance to the pilot under low visibility conditions. It is not
designed nor is it certified to assist the crew in determining

whether the aircraft is on the correct runway.

Reference : 2.5.6.3.3 PVD Procedures, para 12, ASC Draft Final
Report page 205

In this occurrence, the PVD was still shuttered when the aircraft lined
up on Runway 05R. The PVD did not unshutter because the PVD was
not within the valid localizer region for Runway 05L. The PVD
information was a cue indicated to the flight crew that the aircraft was

The PVD system is designed solely to provide steering
guidance to the pilot under low visibility conditions. It is not
designed nor is it certified to assist the crew in determining

whether the aircraft is on the correct runway.
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not on the correct runway for takeoff. Although MCIT and CAAS made
numerous submissions to the Safety Council investigation team to
emphasize that the PVD was not intended to be used as a runway
identifier. However, despite this very strong sentiment from Singapore,
the language in the CAAS approved PVD supplement clearly stated
that the PVD display will "shutter dependent upon whether the airplane
is in a position for takeoff or not". The language in the CAAS approved
PVD supplement did not reflect the sentiment that the PVD was not to
be used as a runway identifier. Rather, the language in the CAAS
approved PVD supplement indicated that the PVD will provide the
crew with information as to whether the airplane is in a position to
takeoff or not.

Reference : 2.5.6.3.3 PVD Procedures, para 13, ASC Draft Final
Report page 205

Had the information in the CAAS approved PVD supplement been
distributed in SIA training and operational documentation and reflected
in operational practice, the crew of SQ006 probably would have
considered the PVD indications further with a view that the airplane
may not have been in a position to takeoff. The assessments and
actions of the flight crew on the evening of the accident were indicative
of their limited knowledge of what the PVD system was indicating, the
operational context of PVD usage, the competing demands for their
attention, the high task load, and degraded environmental conditions.
A latter section of the analysis will discuss some of the factors that
influenced the crew during the taxi from NP to Runway O5R.

Contrary to the report’ s assertion, the information in the CAAS
approved supplement is contained and explained in SIA’s
training and operational documentation.
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Reference : 2.5.6.4 Heading Indicators, para 3, ASC Draft Final
Report page 206

Although CM-2 stated that the compass rose can help maintain
orientation during taxi, he did not mention the use of the aircraft’ s
heading indicators and/or the compass to verify visual orientation
during the critical phase of the taxi when SQ006 turned from Taxiway
NP through Taxiway N1 directly onto Runway O5R. During interviews,
CM-1 and CM-3 did not mention the use of the aircraft’ s heading
indicators and/or the compass to supplement visual orientation during
taxi. The compass and heading indicators were useful aids available to
the flight crew to enhance their orientation and navigational accuracy
during taxi, especially in the low visibility conditions. It is standard
industry practice to utilize the heading indicator and/or compass to
assist surface navigation during complex taxi routing and/or degraded
visibility.

It has to be noted that CM-2 was not specifically asked during
the interview if he had referred to these instruments. It cannot
therefore be inferred that his not mentioning these instruments
means that he did not use them. Runways O5R and O5L are
parallel _runways. Thus, the heading indication is of no
assistance as far as differentiating the two runways is
concerned.

Reference : 2.5.7.1 Markings and Signage, para 2, ASC Draft Final
Report page 206

A black/red sign marked “N1/5R-23L" was on the southwest side of
Taxiway N1; located 54 meters from Runway 05R centerline and 20
meters from the left edge of Taxiway N1,

This sign was oriented obliquely away from the turn from
Taxiway NP to Taxiway N1, and this significantly reduced its
conspicuity and readability for a pilot making the turn.

Reference : 2.5.7.1 Markings and Signage, para 7, ASC Draft Final
Report page 207

The Boeing field of view study showed that the pilots’ field of view
outside the cockpit through the areas swept by the windscreen wipers
was limited. However, the study found that the following items would

Boeing did not carry out any field-of-view study of the SQ 006
accident. The company has advised that it merely provided a
series of diagrams showing possible field of view from the




80T-.

ASC Draft Final

MOT Comments

have been visible from the cockpit at intervals throughout the turn from
Taxiway NP through Taxiway N1 onto Runway 05R: the Taxiway N1
signh and Taxiway N1 centerline lights leading to Runway 05L; the
Runway 05R sign; the Runway 05R threshold markings and
designation; and the Runway 05L signage. In particular, the study
indicated that the “N1/5R-23L" signage was visible from CM-1’ s eye
reference point through CM-1’ s windshield when the aircraft was
turning from Taxiway NP onto Taxiway N1 (Figure 2.5-1). The clear
areas in the diagram present the visible areas available to CM-1 during
taxi. CM-1 stated that he had his eyes out of the cockpit during the turn
from Taxiway NP onto the runway because he was taxiing the aircraft
with reference to the taxiway lights during the turn.

cockpit of a B747.

The ASC analysis fails to take into account all the factors
involved at the time SQ 006 turned onto Runway 05R such as
limited visibility and restricted field of view.

Reference : 2.5.7.1 Markings and Signage, para 10, ASC Draft
Final Report page 208

In addition, the “N1/5R-23L" signage was internally illuminated. The
distance between the signage and the cockpit was about 60 meters
when the aircraft was turning. With a RVR of 450 meters, the signage
would have been visible from the cockpit when the aircraft was turning
from Taxiway NP onto Taxiway N1.

The signage was located such that it only came into the pilot’ s
view during the turn from Taxiway NP to N1. There could only
have been a momentary exposure of the sign to the pilots, at
the moment when the pilots were focusing their attention on
safely executing the turn and keeping to the taxiway centreline.

Reference : 2.5.7.1 Markings and Signage, para 11, ASC Draft
Final Report page 208

When the aircraft taxied through Taxiway N1 and was just about to
turn onto Runway 05R (Figure 2.5-2), the piano keys on Runway 05R
and the Taxiway N1 centerline lights leading to Runway 05L were
visible from CM-1’ s eye reference point through CM-1’ s windshield.
The runway marking “05” and “R” were also visible from CM-1’ s eye

Given the heavy rain and wet pavement surfaces, it would be
difficult to discern the runway designation markings on the
pavement surface. In addition, the exposure of the runway
designation markings to the pilots’ field of view would also have
been limited, as the aircraft was making a turn.
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reference point through CM-2’ s windshield. The distance between the
cockpit and the Runway 05R marking, Taxiway N1 centerline lights
leading to Runway 05L, and the Runway 05R piano keys were all
within 120 meters.

Reference : 2.5.7.1 Markings and Signage, para 12, ASC Draft
Final Report page 208

Based on the above evidence, the Safety Council has concluded that if
the flight crew had looked for the runway markings and signage to
locate their position by scanning the outside scene, they would have
been able to see that information and consequently navigate the
aircraft to the correct runway.

This conclusion by the ASC is not based on any objective
evidence, simulator tests or research.

Reference : 2.5.7.2.1 Taxiway Centerline Lights, para 2, ASC Draft
Final Report page 210

As discussed in Section 2.5.8.2, the attention focus of CM-2 and CM-3
was “inside” the cockpit for the checklist and crosswind component
calculation during the turn onto Runway O5R. In addition, CM-1 was
concentrating on maintaining the minimum taxi speed and following
the green lights onto the runway. The use of the crew’ s attention
resources was not optimized to fully process cues and information that
would have helped them maintain an awareness of their location
during the taxi in challenging conditions. The flight crew’ s limited
attention resources were probably fully occupied by the high workload
induced by: checklist and procedural requirements; taxiing accurately
in slippery conditions; degraded visibility and fluctuating but poor
weather conditions; concerns about the approaching typhoon; cross
wind calculations and company requirements; and PVD indications

The CVR evidence indicates they coped well with their duties
and worked well as a team. The evidence also shows that they
had a heightened awareness of the additional hazards resulting
from the prevailing weather conditions, and took extra care to
taxi slowly and to keep with the lighted taxi route.

See also MOT team’ s comments on ASC’ s * findings related to
probable causes’ in Part 2 of the Singapore MOT Team'’s
Comments.
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during the turn onto and line up on the runway. Consequently, the
flight crew did not comprehend the available information nor did they
prioritize the information to ensure such that positive runway
identification was achieved prior to takeoff.

Reference : 2.5.7.2.2 Spacing of the Taxiway Centerline Lights,
para 1, ASC Draft Final Report page 210-211

The spacing difference between the taxiway centerline lights on
Taxiway N1 that led to Runway 05L and those that turned right onto
Runway 05R were a factor that influenced the flight crew to believe
they were lining up on the correct runway. According to site survey
data of CKS Airport, the only lighting system installed on Taxiway NP
is the green taxiway centerline lights. As the taxiway turns right into
Taxiway N1, the spacing of the taxiway centerline lights along the
curved section to Runway 05R was 7.5m. However, the spacing of the
taxiway centerline lights on Taxiway N1 between Runway 05R and
Runway 05L was 4 times wider than the spacing of the taxiway
centerline lights turning from Taxiway N1 onto Runway 05R.
Therefore, the taxiway centerline lights that diverged onto Runway
05R were more salient than the lights that continued to Runway 05L
because the spacing of the turning lights was smaller than the spacing
of the lights that extended along Taxiway N1. The denser spacing of
the taxiway lights illuminated a clear path to Runway 0O5R. Therefore,
CM-1 followed the distinct path of green taxiway lights from Taxiway
NP onto Runway 05R, as is often the case when aircraft taxi onto
Runways. During interviews with CM-1, when he was asked how he
had made a continuous turn onto Runway 05R when the airport chart
showed a straight line on Taxiway N1 for Runway 05L, CM-1 replied
that he had just followed the green taxiway centerline lights and made

At the point of tangency to the turn leading to Runway 05R,
there was no clear alternative line of lights visible to the pilot
leading across Runway 05R towards Runway O5L.
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a continuous turn from NP onto Runway 05R, believing it to be
Runway O5L.

Reference : 2.5.7.2.2 Spacing of the Taxiway Centerline Lights,
para 3, ASC Draft Final Report page 211

Research has indicated that human attention is attracted by salient
cues in the environment and individuals will tend to neglect non-salient
ones®. The Safety Council has concluded that during the turn from
Taxiway NP onto Runway 05R, the green taxiway centerline lights
leading into Runway 05R attracted CM-1’ s attention. Therefore, he
missed the centerline lights that led to Runway 05L and all the runway
signage and designation marking in the vicinity of Runway 05R
threshold.

When SQ 006 was turning from Taxiway NP onto Taxiway N1,
the green taxiway centreline lights clearly indicated a
continuous pathway ahead of the aircraft, and there were no
other routes branching from this path.

Reference : 2.5.7.2.3 Color of the Centerline Lights, para 1, ASC
Draft Final Report page 211

% Wickens, C. D. 2001. Attention to Safety and the Psychology of Surprise. University of lllinois, Aviation Human Factors Division. Savoy, lllinois.
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The taxiway centerline lights were green, including the centerline lights
on Runway 05R. However, the centerline lights for Runway 05L were
white. Interview and CVR data indicated that the flight crew followed
the green centerline lights and taxied the aircraft onto Runway 05R. Al
three pilots reported that they saw the centerline lights running down
the runway when the aircraft positioned and held on Runway 05R.
However, none of them recognized that the color of the runway
centerline lights should have been white if the runway was 05L, rather
than green. During the turn onto the runway CM-1 had sighted green
taxiway centerline lights along the runway.

The rain on the cockpit windscreen would have further
downgraded the resolution of the image. Hence the presence
of the centreline lights and not their colour would have been the
dominant perception to the pilots.

Reference : 2.5.7.2.3 Color of the Centerline Lights, para 3, ASC
Draft Final Report page 212

The eye is composed of two basic receptors, rods and cones, each of
which has its own sensitivity function. At high levels of illumination, the
rods and cones both function (photopic vision) and the eye is most
sensitive to light wavelengths around 550 nanometers (nm*) (green).
As illumination levels decrease, however, the cones cease to function,
the rods takeover the role of seeing (scotopic vision), and the eye
becomes most sensitive to wavelengths around 500 nm (blue-green).
This shift in sensitivity from photopic to scotopic vision is called the
Purkinje effect. The practical application of this effect is that targets
can be made green or blue-green to increase the probability of
detection at night>. That is one of the reasons why airfield guidance
lighting such as taxiway centerline and/or edge lighting are often green
or blue. Consequently, despite the glare of the aircraft’ s landing lights
and the reflected glare from the water droplets when the aircraft lined

The rain on the cockpit windscreen would have further
downgraded the resolution of the image. Hence the presence
of the centreline lights and not their colour would have been the
dominant perception to the pilots.

7
4 Nanometer =nm=10"cm.

® Saunders, M. S., & McCormick., E. J. (1992). Human factors in engineering and design (7th Edition). Singapore: McGraw-Hill.
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up on Runway 05R, the green centerline lights of Runway 05R were
clearly discernible along the runway. The “wash-out” type effect, where
the color of the green centerline lights may have appeared less distinct
to the crew within the immediate range of the aircraft landing lights
was not an issue. CM-2 had identified the color of the centerline lights
after the activation of the landing lights during the turn through

Taxiway N1 prior to runway line up®. Moreover, the flight crew reported
that the runway centerline lights were clearly visible.

Reference : 2.5.7.2.3 Color of the Centerline Lights, para 4, ASC
Draft Final Report page 212

As discussed in Section 2.5.8.2, when the aircraft taxied onto and held
on Runway 05R for takeoff, the focus of the flight crew were probably
fully occupied by the high workload induced by concern about the
degraded visibility and fluctuating but poor weather conditions; the
approaching typhoon; cross wind takeoff; and PVD indications.
Consequently, the flight crew did not comprehend the information that
the centerline lights were green.

As mentioned above, the saliency of the runway centerline
lights was the dominant attribute in the perception of the lights
by the crew, and not their colour.

Reference : 2.5.7.4 Runway Difference Issues, para 2, ASC Draft
Final Report page 213

Runway 05L is 15 meters wider than Runway 05R (60 meters vs.
45 meters respectively);

There was nothing unusual about the width of the runway
ahead of the SQ 006 crew on lining up as SIA operates to many
airports with 45m-wide runways.

® CVR 151540 CM-2 Strobes on, landing lights all on

CVR 151550 CM-2 OK green lights are here




ViT-L

ASC Draft Final

MOT Comments

Reference : 2.5.7.4 Runway Difference Issues, para 4, ASC Draft
Final Report page 214

The centerline lights of Runway O5L are white. There was no
runway centerline lights for Runway 05R, however, there were taxiway
centerline lights on Runway 05R for the purpose of using Runway 05R
as a taxiway. The color of the taxiway centerline lights was green; and

See comments on colour above.

Reference : 2.5.7.4 Runway Difference Issues, para 5, ASC Draft
Final Report page 214

Runway 05L is a CATII instrument approach runway. Runway 05R
is a visual runway for takeoff only. The runway touch down zone (TDZ)
marking stripes were also different.

Airline crews would be looking for the overall picture of an
operational runway.

Reference : 2.5.7.6 Runway 05R Edge Lights, para 1, ASC Draft
Final Report page 215-216

As stated earlier in section 2.3, after reviewing all available
information, the Safety Council was unable to positively determine the
on/off status of the Runway 05R edge lights at the time of the accident.
However, regardless of the status of the Runway 05R edge lights, it
was possible that the crew may have still taken off from Runway 05R.
Therefore, the Safety Council will discuss both possible situations in
the following section.

This statement * However, regardless... taken off from Runway
O5R.’ is not supported by evidence. This statement should be
deleted.
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Reference : 2.5.7.6.1.1 If Runway 05R Edge Lights Were Off, para
4, ASC Draft Final Report page 216

The Safety Council has concluded that the flight crew was convinced
that they were on Runway 05L and there was no immediate or salient
indication that the runway in front of them was closed for construction
works. They saw what they expected to see - a “normal picture” of a
runway. Furthermore, the pilots’ attention was focused on the PVD
information, the visibility along the runway, crosswind checklist
completion, and how to conduct a visual takeoff in the strong
crosswind. They probably did not perceive the absence of runway
edge lights and process such information to realize that they were on
the incorrect runway.

If they had perceived that the runway edge lights were off, it is
unlikely that the crew would have commenced the take-off. The
Captain stated that he was quite sure that the runway edge
lights were on.

Reference : 2.5.7.6.1.2 If Runway 05R Edge Lights Were ON, para
1, ASC Draft Final Report page 217
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Runway O5R was 45 meters wide. The width of Runway 05L, Runway
06 at CKS Airport, and also the two runways at Singapore Changi
Airport were all 60 meters. If the Runway 05R edge lights were ON on
the night of the accident, a comparison with the above runways, which
were familiar to the flight crew, would have indicated that Runway 05R
was too narrow’. This comparative cue may have alerted the flight
crew that they were on the incorrect runway; however, determining
such a width difference might have been difficult at night in low
visibility conditions. Nonetheless, such a cue had reportedly been used
on 23 Oct 2000 at 2245 by a freighter captain who was conducting a
routine flight from CKS Airport. The freighter had been given clearance
to taxi for a takeoff on Runway 05L via Taxiway NP. The captain

stated that the weather on that evening was rainy with some wind. The
visibility was also degraded due to the moderate rain.

The critical issue was that Runway O5R looked exactly like an
operational runway to the crew.

The apparent widening of the pavement as the aircraft turned
from Taxiway NP (30m width) into the 45m-wide Runway 05R
may also have reinforced their belief that they were on Runway
O5L.

The ASC’ s footnote number 9 is not supported by factual or
research evidence. Reference to basic aviation physiology and
aviation psychology texts, together with accident investigation
reports of mid-air collisions, would demonstrate that this belief
by the Safety Council is misplaced.

Reference : 2.5.7.6.1.2 If Runway 05R Edge Lights Were ON, para
2, ASC Draft Final Report page 217

The first runway that the aircraft captain encountered when he was on
Taxiway N1 was Runway 05R. He recalled that he felt compelled to
take Runway 05R as the active runway because Runway 05R was
brightly lit with centerline and edge lights. He could not see the barriers
nor the lights on the barriers further down Runway 05R. He stated that
he was able to reject the compelling information because he had
paused to think and became aware of the following conflicts: Runway
05R was too narrow; there were no touch down zone lights; and he
realized that the centerline lights were green on the runway.

The statement by the freighter Captain reinforces the fact that at
CKS Airport the Runway 05R taxiway centreline lights and
runway edge lights had been switched on at the same time.

" The Safety Council believes that a line pilot should have a mental model of how a 60 meters wide runway should look like from the cockpit. This kind of mental
model was built up from day to day flight experience. For example, pilots should be able to recognize an A320 or an A300 just by the size of the aircraft. It is not

necessary to compare them side-by-side.
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Reference : 2.5.7.6.1.2 If Runway 05R Edge Lights Were ON, para
3, ASC Draft Final Report page 217

The Safety Council has concluded that if the runway edge lights were
ON at the time when SQO006 lined up on Runway 05R, the pilots would
have seen the white runway edge lights and green centerline lights on
the runway. They did not see any construction signs or equipment on
the runway. Under the high workload of taking off in the severe
weather conditions, and with the expectation that they were on
Runway 05L, they might not have been able to perceive that the
runway they were on was too narrow to be Runway O5L. In addition,
there were no TDZ lights on the runway and the centerline lights of the
runway were green, which is the color of the taxiway centerline lights.
Nonetheless, the flight crew believed they were on the active Runway
O5L and carried out the takeoff.

Touchdown zone lights are not required to be switched on for
an aircraft taking-off.

Reference : 2.5.7.7 Expectation of Runway Picture, para 3, ASC
Draft Final Report page 218

According to CAA, there was no runway-closed indication in the
vicinity of the Runway O5R threshold because this portion of the
runway was still being used for taxi on the night of the accident. In
addition, given the inbound typhoon, it was not safe to erect mobile
runway closure signs, which may have been blown into taxiing aircratft.
There were warning lights demarcating the construction area on
Runway O5R but the distance from the O05R threshold to the
construction area restricted the pilots from seeing those lights.

The use of the runway as a taxiway does not preclude the
provision of appropriate closure markings to indicate that
Runway 05R was closed as a runway. In this case, there were
no visual warnings at all at the threshold of Runway 05R to
indicate that it was closed.

The section of Runway O5R between Taxiways N1 and N2
could have been closed and appropriately marked and lit
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construction area restricted the pilots from seeing those lights.

without any significant impact on taxiing operations at the
airport.

The painting of runway closure markings on Runway 05R would
have addressed any concern about runway closure signs or
marker boards being blown away. Alternatively, the runway
threshold and designation markings could have been removed
to prevent pilots from mistaking it for an operational runway.

Reference : 2.5.7.8 Summary, para 1, ASC Draft Final Report page
219

Evidence indicated that when the aircraft approached the threshold of
Runway 05R, the flight crew’ s attention was focused on the crosswind
component, visibility for takeoff, PVD information, and before takeoff
checklist items. The crew did not recall seeing any runway signage
and the runway designation marking. They saw the green taxiway
centerline lights turning onto the runway but did not recall seeing any
other signage or markings (except the piano keys that are not unique
to a particular runway) in the vicinity of Runway 05R threshold. If
runway guard lights or stop bars or a densely spaced centerline light
along Taxiway N1 had been provided, they would have increased the
conspicuity of the Runway 05L holding position and would likely have
alerted CM-1 to the location of Runway 0O5L.

More importantly, had edge lights of the closed Runway 05R
been disconnected, and the green taxiway center line lights
leading from Taxiway N1 into the closed runway been disabled,
and had Runway 05R been marked as a closed runway at the
threshold, the pilots would not have taken off from the closed
runway.
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Reference : 2.5.7.8 Summary, para 2, ASC Draft Final Report page
219-220

The flight crew was also aware that the particular runway view should
have included white centerline lights and that there should have been
an area of bright TDZ lights on the runway. Thus, they should have
recognized that their observations of Runway 05R did not match those
of a CATIl runway. In addition, given the flight crew’ s experience in
night flight operations, they were knowledgeable of taxiway and
runway lighting and were aware that taxiway lights are typically green
and runway lights are typically white. However, their lack of recent
experience with Runway 05L and 05R configurations and high
workload may have impeded the crews processing of runway
configuration information. Furthermore, CM-1 elected to takeoff
because he could see an adequate distance down Runway 05R to
takeoff and the runway picture accorded with his mental model of an
active runway. Finally, the conflicting instrument indications were not
fully considered by the crew. The crew also believed the timing of the
Air Traffic Control clearances for taxiing into position and holding and
takeoff seemed to confirm that they were in the correct location for
takeoff.

The word * elected’ should be changed to ‘ decided’ .

The ‘instrument indications’ mentioned in the second last
sentence of this paragraph were not referred to by the crew
during the take-off phase as it was not a requirement to do so
under normal company operating procedures.

Reference : 2.5.8.1 Time Pressure to Take Off Before Typhoon
Was Closing, para 1, ASC Draft Final Report page 220
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At the time of the occurrence, typhoon “ Xangsane” was approximately
360 kilometers south of CKS Airport and moving NNE at 12 knots.
CKS Airport was experiencing heavy rain, low visibility, and strong
wind. The conditions were expected to worsen when the typhoon got
closer to the airport in several hours. CVR and interview data indicated
that during taxi, the pilots were discussing the typhoon status® and they
were aware that the weather conditions were going to deteriorate.
Moreover, CM-1 stated that he was concerned that the typhoon was
closing in and the weather would only deteriorate further if he delayed
the flight. CM-3 had expressed similar concerns. The crews concerns
about the typhoon and their desire to avoid it could enticed them to
hasten their departure without appropriate attention checks to correctly
identify and confirm the correct runway prior to takeoff. This could

have occurred despite the CM-1’ s instructions for the crew to take their
time and to be careful with checklists and other procedures.

This assertion that the SQ 006 crew were under time pressure
to depart is not supported by the CVR evidence. This shows
that the crew were not in a hurry, and had carried out their
duties appropriate to the operational situation.

Evidence from the DFDR also shows that the aircraft taxi speed
was appropriate to the prevailing conditions.

Reference : 2.5.8.2 Attention Allocation, Workload, and Situation

Awareness, para 3, ASC Draft Final Report page 221

CM-2 was focused on the before takeoff checklist when the aircraft
was turning onto Runway 05R. When CM-2 completed the checklist,
the aircraft was half way through the turn and lining up on the runway.
He had commented to CM-1 that the PVD had not unshuttered. CM-2

8 CVR 15:10:21, CM-3 said “Yah, it typhoon is coming in ah, the longer they delay the worse it is lah”. CM-1 replied “Yah, worse if we are going to get out, if don’t

take off ah ..... "
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stated that his attention was focused on the PVD. The focus of CM-2’s
attention inside the cockpit reduced CM-2’ s opportunity to scan outside
the aircraft. Furthermore, he did not notice any runway marking or
runway signs. However, he recalled seeing lights leading onto the
runway and CM-1 following the lights onto the runway. CM-2 stated

that he saw bright lights in the middle of the runway and that it was the
“correct picture” for him.

The report is wrong in stating that CM-2 did not notice any
runway marking. The factual evidence shows that CM-2 saw the
runway piano keys and remembered that they appeared
‘ scratchy’ .

Reference : 2.5.8.2 Attention Allocation, Workload, and Situation
Awareness, para 5, ASC Draft Final Report page 221

It is clear that all three pilots were not aware of the position of the
aircraft when CM-1 turned onto Runway 05R. The attention focus of
CM-2 and CM-3 was “inside” the cockpit for the checklist and
crosswind component calculation. CM-1 was concentrating on
maintaining the minimum taxi speed and following the green lights
onto the runway. The crew essentially lost awareness of their location
during the taxi. None of the three pilots had allocated their attention to
the runway markings and signs during the turn.

The factual evidence shows that the crew believed that they
were on the correct runway. There is no evidence that they
were uncertain of their location. The taxiway marking and lights
led the crew into Runway O5R, and the presence of the
markings of an operational runway reinforced their perception
that they were on Runway O5L.

Reference : 2.5.8.2 Attention Allocation, Workload, and Situation
Awareness, para 6, ASC Draft Final Report page 221-221

A loss of situation awareness can be due to a failure to attend to and
perceive the information that is necessary for people to understand a
given situation. The acquisition and maintenance of situation
awareness is particularly important for individuals in complex,
dynamic, socio-technical industries such as aviation. Research has

A loss of situational awareness could also result from
misleading cues provided by deficient visual aids. In the case of
SQ 006, the pilots navigated the aircraft during the final part of
the taxi onto the take-off runway according to the cues provided
by the runway and taxiway signage, markings and lighting. The
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indicated that humans have limited working memory and attention
resources’. Therefore, increased attention to some elements (such as
crosswind component, low visibility, slippery runway, following the
green lights, checklist), the less attention to other elements (such as
runway signs and markings, Taxiway N1 centerline lights leading to
Runway 05L). Therefore, a loss of situation awareness occurs once
the information-processing limit is reached or attention saturation
occurs due to high concurrent task load and environmental stressors.

combination of these external visual cues guided them onto
what they believed was the correct runway.

The crew did not lose situational awareness in the sense that
they became unsure or uncertain of their position. The CVR
shows that at all times they believed that they knew the position
of their aircraft, and this belief was correct until the very final
stage of the taxi onto the take-off runway. It was only during this
last segment of the taxi that the crew’ s situational awareness
did not correspond to the actual situation of their aircratt.

Reference : 2.5.8.2 Attention Allocation, Workload, and Situation
Awareness, para 10, ASC Draft Final Report page 223

The Safety Council has concluded that under the high workloads
experienced by the crew, the flight crews’ attention had overly
narrowed and focused on the weather information to the detriment of
other critical operational information. Therefore, the crew could have
missed the airport infrastructure information that may have been able
to indicate their position on the airfield and that they were taxiing onto
the incorrect runway for takeoff.

This proposition is based on the assumption that the crew were
under high workload. However, there is no evidence that the
crew of SQ 006 were under abnormally high workload. The
B747-400 is designed to be operated by a two-pilot crew. In the
case of SQ 006, the presence of the third pilot enabled the
Captain to delegate some duties which would normally have
been performed by the standard two -pilot crew prior to take-off.
In the light of these facts, the * high workload’ argument is not

° Endsley, Mica. 1996. Situation awareness in aircraft. In Brent J. Hayward and Andrew R. Lowe (Eds.), Applied aviation psychology: achievement, change, and
challenge: proceedings of the Third Australian Aviation Psychology Symposium. P403-417. Aldershot; Brookfield, Vt: Avebury.
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valid.

Reference : 2.5.8.3 Pattern Matching, para 1, ASC Draft Final
Report page 223

Pattern matching problems are relatively common during high
workloads. This is because the individual’ s mental model accepts as a
match for the required object something that looks similar, is in a
similar location, or does a similar job™. In particular, the flight crew
believed that Runway 05R was Runway 05L because their mental
pictures lead them to believe that Runway 05R was a normal runway

at night. CM-1 and other crewmembers may not have had the required
attention resources to conduct a precise matching process because
they were captured by:

- CM-1 taxiing the aircraft in poor visibility and over relying upon
the green taxiway lights for guidance onto the runway;

- CM-2 completing the pre-takeoff checklist; and

- CM-3 regularly re-calculating the crosswind component for
takeoff to ensure it was within company limits.

See comments above. This analysis is predicated on the validity
of the assumption that the SQ 006 crew were under high
workload. However, as discussed above, the situation was that
of a two-pilot aircraft being operated by a three-pilot crew.
Consequently the workload was not abnormally high.

Reference : 2.5.8.4 Taxi Lighting Issues, para 2, ASC Draft Final
Report page 224

Changi Airport, the SIA home base, uses the “ Airfield Lighting Control

The clause ‘, or be less apparent than the taxiway centreline

19 Reason, James. 1990. Human Error. Cambridge UK; Cambridge University Press.
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and Monitoring System (ALCMS)” to provide a safe and efficient
operating environment in the airfield™. Its “ Taxiway Lighting Control
System (TLCS)” detects conflicts in multiple selected taxi routes and
provides an inter-locking mechanism using taxiway centerline light
segments and stop bars to resolve the conflicts at taxiway junctions.
For aircraft arriving at or departing from Changi Airport, an air traffic
controller will turn on the taxiway centerline lights along their assigned
taxi route and tell pilots to “follow the green”. The taxiway centerline
lights on other taxi paths will either be turned off, blocked by stop bar
lights or other mechanisms, or be less apparent than the taxiway
centerline lights of the assigned taxi path. Therefore, pilots can easily
taxi to their assigned gates or departure runways by following the
green taxiway centerline lights selected by ATC. However, CKS Airport
does not have this kind of taxiway lighting control system. When pilots
taxi in to the gates or taxi out to the active runway at CKS Airport, they
need to visually navigate to where they planned and were cleared to
go using airport charts, cockpit instruments such as the compass and
heading indicators, and taxiway lights, signage, and markings.

lights of the assigned taxi path.” should be deleted.

Reference : 2.5.8.4 Taxi Lighting Issues, para 4, ASC Draft Final
Report page 225

Up until the occurrence, all three pilots had worked for SIA and flown
in and out of Singapore Changi Airport for at least five years. They

Most of the airports which SIA operates to do not have the
‘ follow the green’ system. In fact, only the minority of these

" Koh Ming Sue, 2001. The New Airfield Lighting Control and Monitoring System at Singapore Changi Airport. 2001 International Symposium on Airport

Infrastructure Development and Management, April 25-26, Singapore.
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were familiar with that airport’ s “follow the green” taxiway lighting
control system®. During interviews, all three pilots stated that the
green lights should take them to the takeoff runway. Under the time
pressure to take off before the inbound typhoon closed in around CKS
Airport, and the high workload of taking off in a strong crosswind, low
visibility, and slippery runway conditions, it is possible that CM-1
inadvertently reverted to the most dominant previously formed mental
model under high workload to follow the green taxiway centerline
lights, which generally takes him to where he is supposed to go, and
he reverted to this habit while turning from NP onto Runway 05R.

airports have such a system. Thus, the * dominant mental model’
hypothesis cannot be supported.

With regard to the ASC footnote number 14, on 21 December
2001, the MOT team had provided to the ASC records of the
airports the SQ 006 pilots had operated to in the 12 months
preceding the accident. These records show that only about a
small number of the airports they operated to were equipped
with a ‘ follow the green’ taxiway lighting system.

Reference : 2.5.8.5 Airport Layout, para 3, ASC Draft Final Report
page 226

Interview data indicated that during the preflight briefing, CM-1 briefed
his intended taxi route to CM-2 and CM-3. Instead of taking the simple
taxi route to Runway 05L - from Taxiway SS southbound to Taxiway
WEST CROSS, to Taxiway NP, right turn on Taxiway N1 and onto
Runway 05L, CM-1 originally anticipated to taxi to Runway O5L via
eastwards on Taxiway SS to Taxiway EAST CROSS, proceed on
Taxiway EAST CROSS until Runway 05R and backtrack on Runway
05R, exit left onto Taxiway N7, then onto Taxiway NP*®, pass Taxiway
N2 and right turn Taxiway N1 to the threshold of intended departure
Runway 05L. This planned taxi route matches the taxi route at Changi
Airport when an aircraft taxies out from T1 East and T2 North Apron.

This hypothetical and speculative discussion is irrelevant to the
investigation. The evidence shows that the crew of SQ 006
navigated their aircraft as briefed. The CVR shows that they
made the appropriate decisions as to the route on their way to
the take-off runway. They were well aware that they were at
CKS Airport. In addition, the maijority of take-offs and landings

2 MCIT was unable to provide the flight crew’s computer flight record for the past three years. However, according to CM-1 and CM-2’s flight schedules from Aug. 28,
2000 to Oct. 31, 2000, 44% (19 of 43) of the airports that CM-1 operated into and 54% (29 of 54) of the airports that CM-2 operated into were equipped with the

“follow the green” systems.

3 Due to construction on north apron, aircraft was unable to left turn onto Taxiway NP from taxiway EAST CROSS.
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According to the AIP published by CAAS (Figure 2.5-7), when an
aircraft parks at T1 East and T2 North aprons and is going to use
Runway 02L for takeoff, the normal taxi route will be to take Taxiway
A6 northbound to Taxiwvay NORTH CROSS, left turn onto Taxiway
NORTH CROSS to Taxiway WP, then left turn onto Taxiway WP taxi
southbound, pass Taxiway W7, right turn onto Taxiway W8 and
continues right onto Runway 02L.

by SIA pilots on SIA’ s international routes are at airports other
than Singapore Changi Airport.

Reference : 2.5.9 Water-affected Runway Issues, paral, ASC Draft
Final Report page 229

The ATC controller was not required to provide information to the crew
regarding the condition of the runway. The determination of a
contaminated runway by ATC is heavily dependent upon pilot reports.
Although both pilots and controllers can assess the runway conditions,
it is incumbent upon the pilots to be prudent and look for cues to aid
them in making the final determination about the runway condition.
The statement made by the SIA Chief Pilot indicating that the flight
crews depend upon ATC to provide runway condition information
demonstrated a normative understanding of water-affected runway
operations.

This statement is not correct.

ICAO Doc 4444, para 7.4.3 states that ‘Essential information on
aerodrome conditions shall be given to every aircraft, except
when it is known that the aircraft already has received all or part
of the information from other sources...’

In para 7.4.2 of Doc 4444, essential information includes:
a) construction or maintenance work on, or immediately
adjacent to the movement area;

b) rough or broken surfaces on a runway, a taxiway or an
apron, whether marked or not marked;

c) water on arunway, a taxiway or on apron ...’

It is extremely difficult for pilots to judge the depth of water on a
runway from the cockpit. They depend on information from
ATC. There is no means by which the pilot can determine the
exact depth of water on a runway. The crew of SQ 006 were not
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advised by ATC that Runway 05L was contaminated.

Reference : 2.5.9 Water-affected Runway Issues, para 9, ASC
Draft Final Report page 231

Had the crew of SQ006 assesses the intended departure runway as
probably contaminated, they would have realized that the
contaminated runway cross wind limit (15 knots) for takeoff in the
Boeing 747-400 would have precluded a takeoff unless the wind had
subsided long enough to attempt a takeoff. Given that the weather was
worsening in accordance with the approaching typhoon, it was
possible that the crosswind component would not have reduced to
below 15 knots for sufficient duration to permit a contaminated runway
takeoff. Alternatively, had the flight crew assessed the runway as
contaminated, they may have had some additional time to assess the
position of the aircraft as they waited on the runway threshold for the
wind to subside for a contaminated runway takeoff as the flight 16
minutes before SQ006 had done.

This discussion is speculative and unnecessary. The accident
to SQ 006 resulted from a take-off on the incorrect runway. The
assessment of the runway surface as contaminated or wet had
no bearing on the crew’ s mistake in taxiing onto Runway 05R
instead of Runway O5L.

Reference : 2.5.9.1 SIA Crosswind Limitation and Runway
Condition Determination Procedure, para 3, ASC Draft Final
Report page 231

The SIA’ s definition of a contaminated runway is much stricter than the

In the absence of notification by ATC, the SQ 006 crew
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European Joint Aviation Administration contaminated runway
definition. This shows that SIA was using a higher safety standard for
aircraft operating on a water-affected runway. In contrast, when
determining if a water-affected runway is to be classified as a wet or a
contaminated one, SIA pilots use a lower risk management standard;
they assume the runway is wet if ATC does not provide standing water
information. The Safety Council has concluded that SIA should provide
procedures to assist pilots to assess the condition of the water-
affected runway in heavy rain situation. It was not a risk averse
practice to assume that the runway was wet if there was no
information provided by ATC, particularly when there had been heavy
rain fall (22.50 mm of rain fall) reported in the hour before 1500 UTC.

assessed the runway condition as * wet’ . This was in accordance
with normal operational practice.

SIA’ s runway contamination procedures are similar to those of
other airlines.

It is an industry-wide issue that there is no objective means for
ATC or flight crew to determine the level of water on a runway
from the cockpit or the control tower. In any case, this
discussion is irrelevant to the underlying contributory factors in
the case of the SQ 006 accident.

Reference : 2.5.10 Crew coordination, para 1, ASC Draft Final
Report page 232

As discussed earlier in the report, the flight crew’ s dismissal of the
PVD was the last line of defense in the sequence of events that led to
the flight crew not correcting a situation that surfaced during the critical
stage of lining up for takeoff. The CVR indicated that CM-2 questioned
the PVD line-up while the aircraft was turning onto Runway 05R. CM-1
and CM-3 then engaged in the following discussion regarding the
PVD: CM-1 stated: “ Yeah, we gotta line up first”. CM-3 stated: “We
need 45 degrees”. CM-1 continued, “Not on yet PVD, never mind, we
can see the runway, not so bad”. After SQ006 lined up on the runway,
the 3 pilots did not resolve why the PVD did not unshutter. CM-2 did
not continue to resolve the unshuttered PVD indication nor did CM-1
and CM-3 attempt to support or resolve this issue. This indicated the
flight crew failed to apply basic CRM principles in resolving a critical
operational problem. The opportunity was lost to discover that the

The PVD was designed as a defence against pilots deviating
from the runway centerline during the take-off roll in low visibility
conditions. It was not designed, and nor was it intended, to be a
defence against incorrect runway selection by pilots.

Contrary to the ASC statement, evidence from the CVR and the
linguistic discourse analysis shows that the SQ 006 crew did
practice good CRM principles. The reasons for the crew not

‘ trouble-shooting’ the unshuttered PVD have been fully
explained elsewhere in the MOT comments.
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aircraft was not on the appropriate runway within the preset localizer.

Reference : 2.5.10.1 SIA’ s Crew Resource Management Training
Program, para 3, ASC Draft Final Report page 232

The SIA ARM courses are designed to cover concepts that the crews
are expected to apply on the flight deck during line operations. During
the interviews with various SIA Instructor Pilots, the Instructors

reported that they informally examine the crewmember’ s application of
CRM principles during checks but the skills are not formally assessed
in the same manner as technical skills. The Instructor Pilots reported
that they sometimes discuss CRM principles and critique a
crewmember’ s CRM skills during a proficiency check debriefing. Apart
from these observations by the Instructors, the company currently has
no reliable and valid mechanisms to evaluate if the crew has acquired
such skills. Furthermore, the ARM courses have not been updated to
reflect the advances in CRM and Human Factors research. In
summary, the SIA ARM programs did not contain all the elements of
what is currently regarded as best practice in this area.

The SIA ARM training programme has been updated and
enhanced since its original introduction in 1984. SIA crew are
required to attend three ARM modules that cover CRM
principles.

A further update of the ARM programme, incorporating the
latest CRM principles, was being considered before the
accident. The new program was launched in 2001.
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Reference : 2.5.10.1SQ006 Crew CRM Performance, para 1, ASC
Draft Final Report page 233

The flight crew reported that there were no difficulties in their
relationship before or during the flight, and they considered, from their
recollection and after listening to the CVR, that the CRM exhibited
during taxi was good. A review of the CVR revealed that relationships
between the crew appeared to be cordial. There was an instance
where information was not volunteered. An example of sub-optimal
CRM was when CM-3 elected not to inform CM-1 about the
environmental conditions that he experienced when he conducted a
pre-flight check of the aircraft. Although CM-3 mentioned his water-
soaked shoes and removed them in the cockpit, no further discussions
took place regarding the implications of that fact to the safety of the
operation. Open communication is important between crewmembers
under all circumstances.

There is ample evidence that the crew had practised good CRM
principles. For example, the crew’s decision to use Runway 05L
was evidence that they were fully aware of the environmental
conditions.

The content of the CVR and the linguistic discourse analysis
showed that the SQ 006 crew were operating well as a team
and that the communication between the crew members was
open and consultative.

This analysis of the SQ 006 CRM does not reflect an
understanding of the reality of modern airline operations. The
discussion is not in keeping with the standard to be expected in
a high quality accident investigation report.

Reference : 2.5.10.1SQ006 Crew CRM Performance, para 3, ASC
Draft Final Report page 233-234

Because all SQ006 crewmembers had not been given comprehensive
PVD training that reflected the information contained in the CAAS
approved B747-400 AFM PVD supplement, it would be difficult to
assume that they would have known fully what the PVD indications
were telling them. Nonetheless, there was adequate information
available to the crew on the evening of the accident to tell them that
they were not in the correct location for takeoff. With reference to
navigation during taxi, communicating the severity of weather to all
crewmembers, scanning the outside scene, cross-checking position,

See comments above.
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runway identification, the assessment of the runway conditions, the
use of aircraft instruments to verify location during taxi, a higher
standard of CRM was possible. CM-3 could have passed the
information on the weather conditions experienced during his external
aircraft check to the other crew and the crew could have considered
the PVD unshuttering further. Such open communications may have
enhanced the crew’ s awareness of runway conditions and the location
of the aircraft when it lined up on the runway.

Reference : 2.5.10.3 The Role of Relief Crewmembers, para 1,
ASC Draft Final Report page 234

The SIA SOP did not assign specific duties to the third flight
crewmember, although the captain of SQ006 requested the third pilot
to verify crosswind limitations. Management pilots, instructor pilots,
and line pilots commented that the level of involvement of relief
crewmembers varied in accordance with an aircraft commander’ s
discretion. In general, there was a reluctance to interfere with the two-
pilot operational philosophy, and therefore a reluctance to assign
specific tasks or key operational duties to relief crewmembers during
takeoff and landing. Like the other two pilots, CM-3 did not notice that
the aircraft had lined up on the incorrect runway. Because SIA B747-
400 operations involve variable crew compositions from two-pilot
without relief crew up to two additional relief pilots who may be either
captains and/or first officers or combinations thereof, it is difficult to
assign specific duties to relief crewmembers during takeoff and
landing. SIA relief crews are generally asked to be in the cockpit
during takeoff and landing. Nonetheless, the role of relief
crewmembers during these critical phases of flight, where transport
category accidents occur most often, could be more clearly defined

The

B747-400

is

certified for

two-pilot  operations.

Consequently, no duties are specifically assigned to a third
pilot. For reasons of operational flexibility, the allocation of
duties to a third pilot are left up to the Captain and vary in
accordance with the operational requirements of a particular

flight.
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and reinforced during check and training activities. Such initiatives
would increase the level of effective involvement of relief
crewmembers during these phases.

Reference : 2.5.11 CAAS Safety Oversight, para 6, ASC Draft
Final Report page 235

¢eT-L

The Safety Council has concluded that CAAS has not performed The investigation has found no evidence of systemic
sufficient safety oversight of SIA’ s low visibility taxi and PVD deficiencies in SIA’ s low visibility taxi and PVD procedures and
procedures and training, and the deficiencies in SIA procedures and training. Consequently, there is no factual basis for this
training were not detected during routine CAAS safety oversight statement.

surveillance.

Reference: 2.6.1 SIA Crewmember’'s Emergency Evacuation
Operations and Training , para 1, ASC Draft Final Report page 235
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In this accident, the crewmember’ s emergency evacuation
performance were affected by the following combined factors: severe
impact and fuselage breakup, fuel tank explosion, post crash fire in the
cabin and outside, smoke, falling foreign objects, unusual cabin
attitude, abnormal slide inflation and extension after door opening,
debris on the floor, incapacitation of some of the crew, no PA service,
difficult for crew to communicate, emergency slides inflated in cabin,
typhoon weather with heavy rain, dark environment, and panic reaction
because of the accident.

From the interview report, there was no evidence to suggest
panic reaction on the part of the crew.

Reference: 2.6.1 SIA Crewmember’'s Emergency Evacuation
Operations and Training , para 2, ASC Draft Final Report page 235

The Safety Council believed that under the situation such as the
SQO006 accident, where severe impact damage to the aircraft and fire
spreading was obvious, currently existed emergency declaration
method/ hardware/ procedure was ineffective. The Safety Council
believes that under the circumstances of this type of accident, it would
be very difficult to follow all of the procedures described in the ASEP.
This was primarily because of the unexpected dynamics of the
accident. However, the preparation to encounter an emergency
situation during takeoff and landing was essential for the professional
crew to avoid any incapacitation from shock. For instance, the
crewmembers did not use any other proper method to declare
emergency evacuation.

The current existing emergency declaration methods and
procedures are effective. The procedures stated that where it is
obvious that an evacuation is imperative and no contact with the
cockpit crew is possible, the cabin crew should initiate the
evacuation. In this instance the crew initiated and evacuated
passengers from the cabin successfully.

Cabin crew are trained to make a 30-second silent review of
their emergency procedures prior to every takeoff and landing.

Under the circumstances, the crew used words appropriate to
the situation to instruct passengers to evacuate such as

“Open seat belt”, “Come this way” and “Jump”.

Although the SIA emergency evacuation training and procedures were
generally in line with existing industry standards, there is no training in
a complex environment of simulated adverse weather with fire and

SIA’ s crew are trained to handle complex emergency situations
in a cabin evacuation trainer with sound, motion and smoke
effects. The trainer is capable of simulating adverse cabin
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smoke. The Safety Council believed more complex emergency
situations may be necessary as part of the training syllabus in cabin
safety training courses.

attitude and smoke scenario. SIA’s training is consistent with
industry best practice.

There is no evidence from the investigation that the cabin
crew’' s performance reflected deficiencies in their training.
Consequently, there is no factual evdence upon which to base
this statement.

Reference : 2.6.3.1 Smoke Protection Devices, para 2, ASC Draft
Final Report page 237

According to the interview of the survivors; the fuel-fed post crash fire
in the main deck burned its way through to the upper deck in a very
short period. In fact there was virtually no time delay as the chimney
effect for the smoke to go to the upper deck. Since passengers could
not evacuate all at once, a queuing situation arose and this delay in a
life-threatening situation would require the smoke protection devices.

Provision of smoke hood for passenger evacuation is not legally
required and no commercial airline provides them as
acknowledged by Safety Council.

Reference : 2.6.3.1 Smoke Protection Devices, para 3, ASC Draft
Final Report page 237

The concept of smoke protection devices is not new and has been
studied for many years. The carriage of safety devices, such as fire
extinguishers and flashlights, by flight crew and cabin crew at each
station is a standard practice. However, in this particular accident,
none of the crew has smoke masks available for protection. The
Safety Council noticed those cabin crews were trained to wear the
smoke protection devices only during the fire fighting and the cockpit
crew were trained to wear the smoke protection devices during cockpit
smoke.

Smoke hoods are provided at crew stations for in-flight fire
fighting purposes only as per TSO C116. Provision of smoke
hood for crew evacuation is also not legally required and no
commercial airline provides them, as acknowledged by Safety
Council.

The issue of smoke hoods has been debated in the aviation
industry for many years and to-date no clear policy has been
formulated with regard to their provision for passengers. The
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debate is on-going and is kept under regular review by the
industry.

Reference : 2.6.5 Coroner’s Inquest, para 3, ASC Draft Final
Report page 240

Though there was no sufficient autopsy report for the cause of the
death for occupants seated between Row 31 to 48, we suspect that
the smoke was one of the main reasons of fatality.

Para 5.9 of ICAO Annex 13 provides for autopsies to be carried
out on fatally injured crew and passengers after an accident.

In the case of SQO006, only seven autopsies were carried out.
This small number of autopsy reports prevented a
comprehensive analysis of the survival factors of the accident.

Reference : 2.7.3 Weather Analysis, para 1, ASC Draft Final
Report page 242

The Safety Council checked the Runway 05L RVR sensor after the
accident and the accuracy was found to be in conformance with ICAO
SARPs. According to the weather observations and the data
calculated by the manufacturer of the RVR, the visibilities at and
before the accident were greater than the takeoff weather minimum
(350m).

The take-off visibility minima for Runway 05L was promulgated
as Runway Visual Range (RVR) of 200m at the time of the
accident.

Reference : 2.7.4 SIA Typhoon Procedure, para 3, ASC Draft Final
Report page 242-243

In addition, the URGENT telexes pertaining to typhoon information
were sent to the stations in off-duty time so it was not possible for
personnel such as the Chief Pilot of SIA B747-400 to acknowledge the
telex because he was not in the office at that time. Consequently, he
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was not aware of the typhoon conditions at Taipei on the evening of
the SQO006 occurrence. Moreover, the Chief Pilots reported that there
was no requirement for him to talk to the aircraft commander under
such conditions. The Chief Pilot stated that Fleet does not interfere
with a commander’ s decision-making. He defers operational decisions
to the aircraft commander.

Reference : 2.7.4 SIA Typhoon Procedure, para 4, ASC Draft Final
Report page 243

The Safety Council agrees that the aircraft commander should make
the final decision and take full responsibility for the aircraft he
operates. A well-trained and qualified commander should be able to
make a sound decision based on his expertise and judgment when he
has received all available information. However, to ensure relevant
safety information is communicated, the Chief Pilot should inform the
commander to improve his awareness but leave the decision to the
commander. The Safety Council believes that if SIA had provided a
structured decision making process and proactively provided more
resources to the commander, it would have helped the commander
with his decision making, thereby facilitating an increased probability of
developing the best solution to operate the aircraft in typhoon
conditions.

There is no need for the Chief Pilot himself to inform an aircraft
commander of a typhoon condition, because the commander
would have the latest weather update from the station
concerned.

The commander would base his decisions on the operational
policy and the aircraft performance limits. SIA commanders
undergo training and courses in structured decision making
processes. For situations such as typhoon conditions, tactical
day-to-day decisions are best left to the commander, as he
would have the most current information and be in the best
position to make operational decisions.

It should be noted that the crew of SQ 006 were fully aware of
the approaching typhoon. The SIA typhoon procedures were
not a contributory factor in the accident.

Once again, this ASC discussion does not reflect an
understanding of modern airline operations.
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Reference : 2.7.4 SIA Typhoon Procedure, para 6, ASC Draft Final
Report page 243

Interview data indicated that EVA FCD is the ground-handling agent
for SIA at CKS Airport to handle SIA flight operations including the
flight dispatch operation. SIA Taipei Station is part of the SIA
marketing division and is responsible for the non-technical aspects of
the flight services. On the evening of the occurrence, the SIA Taipei
Station manager believed that it was EVA'’ s responsibility to inform the
crew about the typhoon status. However, managers of EVA FCD
stated that the responsibilities of EVA on handling SIA’ s flights are
mainly on the flight dispatch and freighter load sheet preparations.
They did not believe it was their responsibility to carry out the SIA
typhoon procedures. Moreover, EVA believed that SIA did not require
them to carry out any SIA typhoon procedures™ and they were not
aware that SIA has a typhoon procedure. Later, the SIA Senior
Manager Flight Control Center clarified that the SIA typhoon procedure
is an SIA internal procedure that does not apply to EVA. However, SIA
FCC was unable to clarify who should be responsible for SIA’ s
typhoon procedure in Taipei.

To clarify the statements by ASC, it should be noted that

- SIA’ s handling agent at CKS Airport, EVA, was procedurally
required to inform the SIA Flight Control Centre (FCC) of an
approaching typhoon. EVA did this on the day of the SQ 006
accident.

- SIA’ s FCC, through the SIA Taipei Station, would inform the
commander of any SIA aircraft on the ground of the need to
evacuate or tie down his aircraft should it be necessary.

¥ The contract between SIA and EVA on ground handling services at CKS Airport was followed IATA Ground Handling Agreements AHM810.
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Reference : 2.7.4 SIA Typhoon Procedure, para 7, ASC Draft Final
Report page 244

The Safety Council was unable to determine the influence of this
situation on the outcome of the accident. It is unknown what the
outcome might have been if the responsible agent in Taipei had been
assigned and had carried out SIA’ s typhoon procedures on the night of
the accident. However, this communication break down between SIA
FCC, SIA Taipei Station, and EVA FCD would certainly increase the
risk of operating an aircraft under typhoon conditions.

It should be noted that Typhoon Procedures are applicable for
flights to an affected station and not for a departing aircraft. As
such, SIA’s Typhoon Procedures had no relevance to the
departing SQ 006 flight.

Reference : 2.7.5 Out Station Dispatch, para 4, ASC Draft Final
Report page 244-245

The Safety Council was unable to determine the influence on the
development of the accident if the flight crew had been fully briefed by
a licensed dispatcher before departure on the night of the accident.
However, the Safety Council has concluded that the inconvenience for
the flight crew to discuss with a licensed dispatcher would have
increasd the risk of operating a flight in adverse weather situations.

There is no basis to conclude that the *inconvenience for the
flight crew to discuss with a licensed dispatcher* increased the
risk of operating a flight in adverse weather conditions. SIA
crew are trained to self-brief, and its operations are not
predicated on the need for a briefing by a licensed dispatcher.
There is therefore no risk associated with the non-availability of
a licensed dispatcher for briefing in adverse weather conditions.
This is a common industry practice.
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Part 1

An Overview of the Representations from the CAA to the ASC on the
Confidential Draft Final Investigation Report Concerning the SIA

Boeing 747-400 Accident at CK S Airport, 31 October 2000

In addition to summarizing the CAA’ s submission, some liberty has again been taken to
provide readers with a degree of explanation and comment on the content of the
representations made by the CAA. This was done only to increase the clarity of te

summary.

The ASC has declared that the aviation accident report on Singapore Airlines flight
SQO06 is to be used solely in the prevention of accidents and incidents. The ASC further
states that its investigation was not for the purpose of apportioning blame or liability.
The CAA’ s representations on the draft final investigation report have been made only to
increase the fairness, clarity and accuracy of the ASC's report. The CAA’s
representations are intended for the advancement of aviation safety, and are not to be
used for any other purpose. They are particularly not intended for use in litigation that
may be related to the accident. We have been unguarded and forthcoming in the interests
of safety, which is quite different from being truthful but protecting our own interests as
we would with comments intended to be used in disciplinary or court processes. This we
bdieveisin line with your preface to the draft report.

The representations are much less numerous than on the preliminary draft. There are still
a significant number of observations, but it is a modest number in light of the complexity
and importance of the report.

In technically complex, well managed, and carefully operated systems, such as civil
aviation, there are occasional safety failures. It is aimost inevitable that in an objective
analysis of one of those failures, such as is represented by this ASC investigation, all
involved are able to learn that there are improvements that can be made to eliminate, or at
least reduce, risks within the system. Generally, some of the risks are inherent, some
were there but were smply not identified and removed when the system was devel oped,
and others are introduced as components of the system develop and change. The draft
final report prepared by the ASC has demonstrated that there were safety risks in the
system and all involved have work to do to minimize those risks both on their own and in
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concert with others. The ASC was clearly open to the representations made on the
preliminary draft and the report has been extensively revised, clarified and significantly
strengthened.

On the night of the accident the weather was adverse with heavy rain, alow celling, and
strong gusty crosswinds related to the approach of typhoon “Xangsane’. However,
during the entire time that the crew was in the aircraft the visibility was in the order of a
half kilometer. The visibility was certainly not good but it was within the range where
modern commercial aircraft can operate safely. During the latter part of the taxiing and
the turn onto Runway O5R, the crew did not respond to the numerous indications that
they had not reached the assigned takeoff runway. When the crew lined up the aircraft
on partialy closed Runway 05R instead of the intended Runway O5L they noticed an
anomaly in the Para Visua Display but discounted it and elected to take off.  With the
cloud base at 200 feet the crew would have had to make a transition from visua to
instrumenta flight within a few seconds after lift-off. The key information necessary to
fly the aircraft; such things as track, heading, altitude, rate of climb, airspeed and other
vital data are shown on the Primary Flight Displays (PFD) in front of both pilots. With
the intended runway centerline being 214m (650ft.) to their left, the Instrument Landing
System azimuth (localizer) indication showed a left-turn command with the indicator
fully deflected. Similarly, the runway symbol and the required track, instead of being in
the center of their displays, were deflected to the left.  Generaly, there is a takeoff
briefing by the captain shortly before the aircraft moves into position on the runway.

Such a briefing confirms the departure procedure and actions in the event of an
emergency such as an engine fallure. This was not done. An experienced crew of three
that was rated from average to above average, flying a modern aircraft, designed to be
operated by a crew of two, with no noted unserviceable items, missed the last possible
indication that they were not on the assigned runway. It was clear from the Primary
Flight Display that they were not on the takeoff runway. The PFD was the display that
they would have had to rely upon to fly the aircraft from a few seconds after lift-off, but
apparently they did not look at it, or if they did, they did not appreciate what it was telling
them. How this could have happened was clearly the object of the investigation. The
investigation was comprehensive and looked at the accident and the circumstances
surrounding it.

The draft final report follows the ICAO format with the three basic sections of factual
information, analysis, and conclusions. The factual information covers a wide range of
activities, systems, and data. It was carefully gathered but it is inevitable that there were
some imperfections in communications, and there was new information that came to light
after interviews were completed and documents were gathered. Often those supplying
the information cannot see the gaps and errors until the preliminary confidential draft is
prepared with al the information in context. The recognition of the need for change,
where new or confirming information came to light following the confidential
preliminary draft has resulted in astronger and clearer draft find report.
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In that light the CAA has reviewed the Factual section of the draft fina report and has
offered corrections to the information that it provided earlier, and corrections to the

impressons that it left with those who were conducting the investigation

The review of the Anaysis section brought forth comments on the information in the
section and on the way it was treated. In the analyses of the draft fina report, the CAA
found there were more conjectural statements remaining than we believe is supportable in
an excellent aviation accident investigation report. There were aso still places where
significant amounts of new factual information appeared in the analysis. The human
factors analysis was detailed, as one might expect in this sort of accident. In afew places
the CAA has noted disagreement with the views expressed in the ASC report on some of
the human factors issues,

The total revision to the Conclusions section of the report has resulted in a major
strengthening of the report. The number of findings and recommendations in the draft
fina report remains large. It is the view of the CAA that some very strong and important
findings and recommendations lose some of their impact when set among some that are
much less important. =~ The CAA urges the ASC to review the findings and
recommendations with a view to eliminating the less important among them in order to
give greater impact to the more important ones. The individual recommendations, we
believe, would be more compelling if they vere supported by more rationale in the
recommendations section. That approach was adopted and improved the acceptance of
recommendations in accident investigation reports produced by United States and by
Canada

While there are some deficiencies in the CAA’ s organization and operations, both in the
headquarters and at CKS airport, one must remember that in January 2000 the CAA
Headquarters earned and received an SO 9002 Warranty Certificate and the affiliated
airport offices, Air Navigation & Weather Services and the Aviation Training Institute
received the same award prior to April 2000. Also in January 2000 the CAA made public
a civil aviation “White Paper” setting forth the direction of the ROC’ s civil aviation
policy. Such central direction will enc ourage a new degree of coherence in civil aviation
matters.  Findly, in 2000 there was a review of ar transport management to judge
objectively how national air carriers were performing. The assessment included the
review of the three mgjor items of flight safety management, passenger service and policy

adaptation.

In aviation safety the draft final report emphasizes that the ROC faces an inherent
difficulty that is associated with being neither a member state of, nor an observer at,
ICAO activities. Most ICAO documents can be obtained, although not directly, in a
fairly timely manner but there is no opportunity to take part in the deliberations that result
in new standards and recommended practices. Being excluded from ICAO, there is not
the good notice of developing standards that permits the planning for ther
implementation and there is no forum for the ROC to bring its unique requirements to the
internationd avil aviation community.
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We noted there was till some information that was interesting but not really relevant to
the accident or to safety deficiencies uncovered in the investigation. This tends to make a

long report a little longer than necessary and a little more difficult to understand than is
necessary.

To the extent practicable, we have noted our differences with the draft report, given
reasons for the differences and suggested changes to the wording that can be * pasted’ into
the report.

The CAA understands that the ASC will advise on the degree to which it accepts the

representations made on the fina draft report. The CAA will then decide whether to ask
to have its representations gppended to the public report.
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Part 2

Representations on Section 1, Factual I nformation

> Section 1.1 History of Flight

Ref:  Second to last Paragraph of the section, ending with “end of the recording.”

CAA |ssues and Discussion

To enhance the factual information, it is important to include the fact that the jersey
barriers were equipped with lights at the time SQO06 callided with them.

CAA Proposed Changes

The CAA proposes thet theword “ lighted” be inserted in the following paragraph:

“Approximately 33 seconds after the takeoff roll commenced, the aircraft collided with
several lighted concrete “jersey” barriers, 2excavators, 2 vibrating rollers, a bulldozer, an
air compressor cart, and a pile of meta reinforcing bars on Runway 05R, between
Taxiways N4 and N5. The FDR recorded airspeed about 158 knots and ground speed
about 131 knots at the end of the recording.”

»  Section 1.3 Damageto Aircraft

Ref: Generd to the one Para section, which ends with “ verticd drip patterns.”

CAA |ssues and Discussion

Section 1.3 Damage to Aircraft, is a general description of the aircraft damage, and it
would benefit from a brief discusson of the overall damage to the aircraft and the
monetary amount of the hull loss. (i.e. The airplane was destroyed by impact and fire
damage. According to the insurance company the airplane was valued at $??? million
dollars (U.S)). The information currently presented is better suited for discussion in
Section 1.12.

CAA Proposed Changes

The airplane was destroyed by impact forces and by a post-accident fire. According to
insurance company records the airplane was vaued a $72? million dollars (U.S).
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o Section 1.4 Other Damage

Ref: Lad portion of section ending with the words * in the various pits”

CAA |'ssues and Discussion

Other Damage is a general description of the overall damage to the construction

equipment and any other airport property that was damaged or destroyed in the accident.
This description should include a monetary value estimated to be in the thousands or

million of dallars for both equipment and deanup.
CAA Proposed Changes

Airplane wreckage and the post-crash fire either destroyed or significantly damaged two
excavators (Figures 1.4-1), two vibrating rollers (Figures 1.4-2), one small bulldozer
(Figure 1.43 and one air compressor. The total equipment damage (not including
arplane) and clean up of congruction Ste were etimeted at $740,000 dallars (U.S).

> Section 1.5.1 The Captain (CM-1)

Ref: Paragrgph 3, ending with “initid and recurrent training.”

CAA |ssues and Discussion

The report states that the CM-1 was qualified for CAT 111 operations and that he had
received both initial and recurrent PVD training. The report does not state when he
recaived his CAT III qudification, or the initid and recurrent PVD training.

Also, in Section 2.5.4.5, SIA Low Vishility Taxi Training, the ASC report states
“...CM-1 stated hat he did not receive low vishbility taxi training.” It is apparent that
this statement could be contradictory to the information for CAT Il qualifications
because a portion of this training (Crew Training Manual (CTM)) addresses “ Taxiing in
Poor Visibility,” and the SIA Flight Instructor Manual requests instructors to teach pilots
about, “taxi routing and situational and environmental awareness.” Further, although the
video portion of this training does not address low visibility taxi operations, and the
written materials and instructor training may not have been complete or as detailed as
necessary to provide a good foundation, the SIA training program did provide some
information and recommended practices in the CTM.

CAA Proposed Changes

The CAA suggests that the dates of CM-1 CAT Il qualification and the PVD be included
to complete the factud record.

» Section 1.5.2 TheFirg Officer (CM -2)
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Ref: Paragragph 2, which ends with * in February 2000.”

CAA |ssues and Discusson

The report states that the CM-2 was qualified for CAT 111 operations and that he had
received both initial and recurrent PVD training. The report does not state when he
recaived his CAT Il qudification.

Also, based on the discussion that occurred with the CM-2 and the other crewmembers

about the PVD and its operation (CM-3 explaining the 45 degree aignment), it is
important to know why the CM-2 may not have known this fact about its operation since
he had just completed PVD recurrent training on September 24, 2000, one month prior to

the accident.

CAA Proposed Changes

The CAA suggests that the date(s) of CM-2 CAT Il qualification be included to
complete the factud record.

%  Section 1.5.3 The Rdief Pilot (CM-3)

Ref: Paragraph 3, which endswith “initid and recurrent training.”

CAA |ssues and Discussion

The report states that the CM-3 was qualified for CAT 111 operations and that he had
received both initial and recurrent PVD training. The report does not state when he
recaived his CAT Il qudification or hisinitia and recurrent PVD training.

CAA Proposed Changes

The CAA suggests that the date(s) of CM-3 CAT Ill quaification and initid and
recurrent PVD training be included to complete the factua record.

> Section 1.7.2 Surface Weather Observations [2 issues]

Issue 1:
Ref. table 1.7-1

CAA |ssues and Discussion

This wind direction and magnitude in this table are currently presented in meters per
second although the column headings indicate “ degrees’/knots.” The numbers presented
in bold font are the corrected “knots’ values. Also, the table contains information
derived from both the automated weather observation system for CKS Airport caled
Airport Weather Advisor (AWA) and the runway crosswind magnitude calculated by the
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ASC. As currently presented, the chart could be misunderstood because there is no
explanation of the source of the values used.

Additionally, the text that is currently presented after the chart should be revised and
placed ahead of the chart to provide the reader with an explanation of where the
automated system records the wind values. Also, the calculated crosswind magnitudes
need to be explained so that the reader will understand the method used in their

determination.

CAA Proposed Changes

Table 1.7-1 Weather Condition of CKS Runway should be re-titled to reflect accurately
that the values in the Table are not weather conditions but recorded AWA wind and
visibility readings. The chart should be edited so that the Crosswind magnitude is
removed and discussed separately, or a footnote should be added to tell the reader that
these values do not come from the AWA but were calculated by the ASC using some
specific method (airline table, Nationd Wegther Service program, etc.)

Also, the description of the AWA (see example) should include information that there are
three sensors aong runway 5L (approach-end, mid-field and departure-end) and the
values presented in the chart are from the O5L approach end sensor. Also it needs to be
noted that the wind magnitude and direction recorded by the AWA for the time periods
listed in the chart are the “average” of the wind reading recorded over a one minute
period and not the actual wind value at the beginning of that minute. These values also

incorporate any pesk gusts during that period.

Example text: “The automated weather observation system for CKS Airport is called
Airport Weather Advisor (AWA). The AWA is comprised of anemometers, forward
scatter sensors (RVR sensors), ceillometers, barometers and temperature/dew point
sensors. The anemometers are located at the approach-end, mid-point and departure-ends
of runways 05, 23, 06, 24; and the RVR sensors are located in the vicinity of each
anemometer with the exception of the mid-point of Runway 06/24. The AWA records
the “average” wind direction and magnitude over a rolling “ 1-minute” period. Thus, the
values presented in the Table 1.7-1 for the one-minute periods beginning at 2312 through
2317 are averages and not the actua wind condition at the particular time.

Additionally, the wind value provided by the air traffic controller to the flight crews is
based on a2 minute rolling average recorded by the AWA & the runway 5L threshold.”

Issue 2

CAA |ssues and Discussion

The information presented in Finding No. 1 (Findings Related To Probable Cause) can be
confusing because it states the wind condition at the time of the accident was from 020
degrees with a magnitude of 36 knots, gusting to 56 knots, and the values are not
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attributed to a specific location on the airport. However, Table 1.7-1 indicates the wind
condition at 2317 for Runway 05 was 360 degrees at 41 knots with a crosswind

magnitude of 31 knots. Further, the Table does not represent the instantaneous wind
gusts that occurred during that period that would have had to be factored into the flight
crew’ s determination of headwind and crosswind limitations for the “wet” runway.

The variance in these values is significant because the reduced steady-state wind

conditions are “more acceptable” and within the SIA operating limits. However, as CM-
3 has stated in his interview, he was concerned the wind condition (by his calculation

28.5 knots) was a avadue dose to the SIA maximum limit when they began their takeoff.

CAA Proposed Changes

Table 1.7-1 Recorded AWA Wind and Visibility Readings

Time Runway 05 Wind|Runway 05 Cross|Runway 05 | Mid-Point 05/23
Direction and |Wind Magnitude Visibility1 Visibility
Magnitude from Left Hand |(meters) (meters)
(degree/knots) Side (knots)

2312 358/29 23 518 475

2313 023/86 38 504 604

2314 018/56 29 923 420

2315 029/59 20 450 236

2316 013/59 34 360 168

2317 360/41 31 444 192

o Section 1.10.1 General

Ref: Paragraphs 1 & 2, which end with “ CKS Airport was commissoned.”

CAA |ssues and Discussion

The Ralph M. Parsons Company designed the CKS Airport in 1973 according to FAA
specifications.

The main purpose of Runway 05R/23L was dways for taxiing.

CAA Proposed Changes

Thefollowing corrected text will enhance the dlarity of this section:

! The visibilities were calcul ated by the manufacturer.
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The Ralph M. Parsons Company of the United States designed the CKS Airport in 1973,
according to FAA specifications; and construction was completed in February 1979.

CKS Airport diagram is shown in Fgure 1.10-1

The original design of the airport did not include Runway 05R/23L, but rather included a
parallel taxiway (identified as Taxiway A). It was determined during construction that an
additional runway was necessary in the event that the primary runway, 05L/23R, was
closed. Hence, Taxiway A was re-engineered and designated Runway O05R/23L when
CKS Airport was commissioned. However, the intended purpose of Runway 05R/23L
was dways for taxi operations.

In 1987 the CAA created its own airport construction specifications, incorporating

information from both the FAA Airport Specifications and ICAO Standards and
Recommended Practices (SARPS).

In November 1971 the ICAO ceased to recognize the Republic of China (ROC) as a
member State. Although the CKS Airport had been constructed in accordance with FAA
Specifications and ICAO SARP s, the CAA o the ROC was no longer able ether to
recaive directly the ICAO SARP sinformation or participate in working groups.

»  Section 1.10.2.1  Runway Configuration and Specifications

Ref: Paragraph 3, which ends“ or 17 knots “ wet runway.””

CAA Issues and Discussion

The information presented is complete. Minor editorial change and the addition of a key
word would make the factud record complete.

CAA Proposed Changes

Thefollowing words are suggested for indusion in the ASC paragraph:

“Runway 05R/23L was 45 meters wide and 2752 meters long and was designated as a
“non-instrument” runway. It was equipped with green centerline lights for taxi operations
and white edge lights for takeoff operations. The runway was not available for landing
but pilots were able to request its use for takeoff. Pilots were required to obtain prior
approval from both the CKS Airport and the Air Traffic Controller for the use of the
runway. Typically, approval would not be granted when there were large aircraft on
Apron 501-515 because of the lack of sufficient safety zone clearance. Further, the
simultaneous use of Runway 05R/23L and the parallel Taxiway “NP’ was prohibited if
the crosswind component exceeded 22 knots (dry runway) or 17 knots (wet runway).”

Issue 2:

CAA Issues and Discussion
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Figure 1.10-6, identified as the Taxiway centerline markings near the threshold areas of
runway 05R is” missng.”

CAA Proposed Changes

Include Figure 1.10-6
> Section 1.10.3.2.2 Runway Guard L ights

Ref: End of section, which ends with “guard lights ingdled.”

CAA |Issues and Discusson

This section should reflect the statement found in Section 1.10.3.2.3 regard the SMGCS
program to provide continuity.

CAA Proposed Changes

The CAA suggests the indusion of the following sentence at the end of this section:

“ At the time of the accident, CKS Airport did not have a SMGCS program and the
runways were not equipped with guard lights”

»  Section 1.10.3.2.3 Stop Bar Lights

Ref: 2" paragraph beginning with, “ The stop bar lights are also one componert...”

CAA |ssues and Discussion

The stop bar lights don't necessarily enhance taxiing capability in low vishility
conditions. In fact, the stop bar identifies the intersection of a runway and a taxiway and
provides an indication of proximity to arunway in low vishility conditions.

CAA Proposed Changes

It is suggested that the paragraph be modified as follows:

The stop bar lights are aso one component of the SMGCS that is used to identify the
intersection of a runway and taxiway in low visibility conditions. The stop bar lights,
in conjunction with the other components of the SMGCS are also intended to
enhancethe pilot’ sawareness of his proximity to arunway.

> Section 1.10.3.2.4 Taxiway Centerline Lights

Ref: Paragraph titled “ICAO Annex 14, Volume 1, Paragrgph 5.3.15.7 (Standard).”
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CAA |ssues and Discussion

The section would benefit and be more complete with information from ICAO Annex 14,
Volume 1, Paragraph 5.3.15.10

CAA Proposed changes

Insert: According to ICAO Annex 14, Volume 1, Paragrgph 5.3.15.10,
“Recommendation — Taxiway center line lights should normally be located on

the taxiway center line marking, except that they may be offset by not more than
30 cmwhereit is not practicable to locate them on the marking.”

> Section 1.10.5.1.2 Circuit Monitoring

Ref: Last paragraph which ends with, “ sdlected a intengty leve 3.”

CAA |ssues and Discussion

In the spirit of addressing those issues that are either causal or contributing to the
accident, the information provided in Section 1.10.5.1.2, Circuit Monitoring, is not
pertinent to the accident because, 1) SQ006 was assigned runway O5L for takeoff not
05R, 2) the appropriate taxiway centerline lights were operational on runway 05R the
night of the accident and 3) the crew of SQ006 was aware of the operationa status of this
runway by NOTAM. Thereforeit is recommended that this section be deleted

CAA Proposed Changes

If the ASC believes the information should remain in the report, the CAA suggests the
following text change for the third paragraph to complete the factual record and provide
daity:

“The arfield lighting system is monitored both electronically and by personnel from the
Air Navigation and Wesather Services (ANWS) section at CKS Airpot.  This unit is
comprised of ten persons, six supervisors and four artisans, and they are scheduled on
shifts round the clock. ANWS maintenance staffers inspect the airfield lights twice a day,
once in the morning (0900 — 1100 hours) and once in the afternoon (1300 — 1500 hours).
They coordinate this activity with the Control Tower for an available time dot to enter
the taxiway/runway and conduct necessary repairs. Typically, any faults recorded in the
morning are rectified in the afternoon on the same day. In addition to the daily checks,
ANWS has weekly and monthly checks for arfidd lights thet require gregter atention.”

> Section 1.13 Medical and Pathological | nformation

CAA |ssues and Discusson
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The information presented in this section regarding the “ Alcohol and Drug Test on the
Hightcrew” needsto be expanded to provide an explanation of the regulations governing
these tests and why they were not conducted. Article 6 of the ASC regulations explains
the authority of the ASC regarding toxicologica tests for deceased crew members — but
there isambiguity for surviving crew.

CAA Proposed Changes

Provide additiond information regarding the authority of the ASC, the CAA and
“Prosecutor” regarding the ordering of these tests.

o Section 1.16.6 Cockpit Fidd of View Study

Ref: End of section, which reads “ range of the human eye.”

CAA |Issues and Discusson

The conclusions that can be drawn from this study are extremely limited. The study was
based on the assumption that pilots only look straight ahead. The study does not take into
account [continuous] head and shoulder movements of the pilots. Therefore, figure 1.16-8
provides an extremely conservative and misleading depiction of the pilots field of view.
CM-1 even stated in his interview (1.18.1.1.1) that the “wiper cleaned most of the
windscreen and he could see through amost the whole windscreen.” CM-1 also reported
that he “felt that his visibility was not impaired by the rain, even in the areas not swept by
the wipers.” Because of the limited nature of this study, it also produces results that are
inconsistent with the Taxi Route Simulation (1.16.1) that showed that most signs,
markings, and lights were visible from the cockpit. To be performed correctly, this field
of view study should have calculated the field of view for different degrees of head
rotation from both the left and right of pilots forward views. These overlapping fields
should then have been plotted in figure 1.16-8 to illustrate a more redistic range of
ground visibility. Simply stating in the text that “the actua field of view will be dightly
better when the pilot moves hishead” (p. 118), is ingppropriate.

CAA Proposed Changes

Either the study should be expanded to identify the overlapping fields of views from
different rotation angles of the pilots heads, or the above paragraph should be inserted in
the text to notify the reader of the extreme limitations of the study and subsequent
concluson that can be drawn fromiit.

> Section 1.17.3.2  Training Department

Ref: Sub-section on Low Visbility Training, which ends with “approved level 2
smulator.”

CAA |Issues and Discusson
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The issue of training discussed in Section 1.17.3.2, especially the low visibility training,
should be explored with more depth. The CM-1 made a statement that he did not receive
low visibility taxi training yet he is CAT Il and PVD qualified. Furthermore, both the
CM-2 and CM-3 were CAT Il and PVD quadlified. If the CM-1 did not receive “any”
training regarding low visibility taxiing operations, then it is likely that CM-2 and CM-3
were also at a disadvantage. However, neither the CM-2 nor CM-3 indicated this training
deficiency in their interview statements. Further, the CAT Il & 1l training video that
crewmembers are required to view does not address low visibility taxi operations.
Consequently, it is apparent that the low visibility training focuses only on the takeoff
and approach portions of flight operation, as has been implied by the CM-1. Based on the
lack of training and detailed training materials available to educate the crew members as
to the hazards associated with this type of operation, it can be concluded that this flight
crew was not fully trained by SIA and was at a disadvantage on the evening of the
accident.

In addition, the deficiency in the training extend beyond a lack of information in SIA B
747-400 Operations Manual and “no formal training” for low visibility taxi as stated in
Findings No. 6 and No. 13 under Findings Related to Risk. SIA, in not providing such
training, resulted in the flight crew not being equipped with the knowledge and tools
necessary to conduct such an operation. Thus, Finding No. 6 and No. 13 could be
combined to reflect the seriousness of SIA’ s deficiency and the implications it had on the
accident flight crew.

CAA Proposed Changes

It is suggested that the description of the Low Visibility training conducted for both CAT
[11 operations and the PVD be expanded to include the exact information that is provided
to crewmembers in the flight and training manuals, the classroom, the smulator and in
the videotape. This would provide a clear picture to the extent of the low vishility
training especially on taxiing operations. Also, it would serve to demonstrate exactly
where the deficiencies are in the training program and provide the basis for a more
definitive Safety Recommendation.

> Section 1.17.4.4  Aircraft Documentation

Ref:  The entire section which ends with, “ of Runway 05R and 05L."

CAA |Issues and Discusson

The information provided in Section 1.17.4.4 is interesting information but it is not
relevant to the accident nor isit referenced in the andlyss.

CAA Proposed Changes
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It is proposed that section 1.17.4.4 be deleted from the report. However, if the ASC
believes it should remain in the report, it could be moved to Section 1.17.3.4 since it

relates to afunction of the SIA FCC.

o Section 1.17.45 S A Taxi Procedures

Ref: End of section which reads* B747-400 Operations Manud.”

CAA |ssues and Discusson

There are severa sections of this report that should be rearranged to improve its clarity.
One such section is 1.17.4.5 because it is training related. Thus, for report continuity, the
information should be moved in sequence with Section 1.17.3.2.

CAA Proposed Changes

It is suggested that 1.17.4.5 be moved in sequence with Section 1.17.3.2.

- Section 1.17.4.6 Out-Station Audits

Ref:  Entire section, which ends with “ audit on May 31, 2000.”

CAA |ssues and Discussion

Section 1.17.4.6 is related to the FCC and out station services. For report continuity, the
information should be moved in sequence with Section 1.17.34.

CAA Proposed Changes

It is suggested that 1.17.4.6 be moved in sequence with Section 1.17.3.4.

> Section 1.17.5 EVA Airways Flight Control Department

Ref:  Entire section, which ends with “ typhoon condition 11 a 2155.”

CAA |ssues and Discusson

Section 1.17.5 is related to the FCC and out station services. For report continuity, the
information should be moved in sequence with Section 1.17.3.4.

CAA Proposed Changes

It is suggested that 1.17.5 be moved in sequence with Section 1.17.3.4.
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> Section 1.17.6 SIA Taipa Station

Ref: Entire section, which ends with “ crew of the typhoon satus.”

CAA |ssues and Discusson

Section 1.17.5 isrelated to the FCC and out station services. For report continuity, the
information should be moved in sequence with Section 1.17.3.4.

CAA Proposed Changes

It is suggested that 1.17.5 be moved in sequence with Section 1.17.3.4.

> Section 1.17.8 Voyage Record

Ref: Entire section, which ends with “ setisfactory reasons are provided.”

CAA |ssues and Discussion

Section 1.17.8 is interesting factual information but its relationship to the accident is
unclear and is not referenced in the analysis nor used to support a Safety
Recommendation.

CAA Proposed Changes

It issuggested that 1.17.8 be deleted from the report.

> Section 1.17.9 Organization of CAA

Ref: Organization chart.

CAA |ssues and Discussion

The CAA has a new organizationa chart that should be included in the report to provide
the most accurate data. Also, the current positioning of the chart in the report is
confusng because there is no introduction.

CAA Proposed Changes

Insert most current Organizational Chart and move the chart to the end of the 1%
paragraph.

> Section 1.17.11 The Aerodrome Engineering Divison
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Ref. Entire section, which endswith “ the airport master plan.”

CAA |Issues and Discusson

The correct name of the divison isthe* Aerodrome Divison (AD).’

CAA Proposed Changes

Change all references in this section and other sections (e.g. 1.17.13) to eliminate the
word * engineering’ and the rlated abbrevidtion* E wherever it isused.

2  Section 1.18.1.1 The Captain CM-1 [ 2 issues]

Issue 1:
Ref:  Points to note by CM-1, first paragraph of the subsection, which ends with “and

thiswasthetrgp.”

CAA |ssues and Discussion

Under the subsection of “Points to note by CM-1,” the statement, “ and this was the trap”
should be in quotation marks if this is what the captain actually said. If it is not what he
actudly sad, then the atement is biased and should be removed from the document.

CAA Proposed Changes

Remove the statement if it is not what the pilot actualy said or enclose the statement in
quotation marksif it does reflect the exact words of the pilot.

Issue 2:
Ref. Find paragraph of section, which ends*in low vighility conditions”

CAA |ssues and Discussion

Unlike CM-2 and CM-3, CM-1 was apparently never asked what his mental picture of a
closed runway would look like. However, in the analysis section 2.5.7.7, it is implied
that he was asked this question. Also, none of the flight crew was asked to describe a
mental picture of what a CAT Il runway should look like. This seems like a very
important oversight, since a great deal of the anaysis is based on the idea of
“confirmation bias’ or that the pilots “ saw” what they expected to see.

CAA Proposed Changes
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Some of the analyses of flight crew comments should be re-evaluated in light of these
apparent oversights during the interview process. These issues have been addressed

within rdlevant sections of the document.

- Section 1.18.1.3.4 Interviewswith Controller D

Ref: Entire section, which ends with “ there was no arrivd traffic.”

CAA |ssues and Discussion

Sections 1.18.1.3 is related to Section 1.18.2. Thus, for report continuity, either section
should be moved as gppropriate to be in sequence with each other.

CAA Proposed Changes

It is suggested that 1.18.1.3 be moved in sequence with Section 1.18.2.

o Section 1.18.1.5 Other Interviews

Ref: 5th paragraph, which ends with “ broken douds a 30,000 feet, no rain.”

CAA |Issues and Discusson

The inclusion of the interview with the freighter captain of the MD-11 is questionable.
The captain did not contact Singapore MCIT until two months after the accident and the
first interview did not take place until 4 months after the accident. It also appears that the
first interview was not done with all parties to the investigation being present. The second
“official” interview took place amost 9 months after the accident. The freighter captain
had obviously been exposed to reports of the accident and possible runway issues. His
recollection could aso have been biased by questions asked during the first interview.
Furthermore, the statements in the document do not indicate from which interview they
came (12 or 2'%).

CAA Proposed Changes

The statements derived from the interview are dubious and unsubstantiated, and should
be ddeted from the report.

> Section 1.18.2.3 ATC Procedures [2 |ssued

Issue 1:
Ref:  Following point 3 there is a line that reads, “ The progressive taxi instruction was
not issued to SQO06.”

CAA |Issues and Discusson
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Insert an additiona sentence in place of the referenced sentence.

CAA Proposed Changes

The replacement sentence should read:

“SQ006 was the only traffic in the maneuvering area.  The controller provided precise
taxi instructions to the crew of SQO006 which they accepted without a request for
progressive taxi ingructions.”

Issue 2:
Ref:  Paragrgph beginning with, “ During interviews with the Chief of the Tower...”

CAA |ssues and Discussion

Thefollowing sentences are not factudly correct:

1% sentence:  “In particular, ATC tries to ensure that the aircraft are expedited from the
active runway after landing and that taxiing aircraft do not enter the active runway until
cleared” is not factualy correct because of the context in which the words “ expedite’ and
cleared are used.

2" sentence  “If there are no other aircraft on the airfield during taxi, ATC does not
have specific procedures or practices to assist flight crew’ s navigating.” This is not
factually correct because ATC does have specific procedures and practices to assist
flightcrew taxiing around the airport. The controller provided the crew of SQ006 with a
detailed taxi plan. It was accepted by the crew. If the crew believed they would not be
able to safely navigate to the runway it would have been incumbent yon the pilot to
request progressive taxi instructions. Further, it is evident that the need for progressive
taxi instructions was not necessary since the crew was able to taxi from the terminal
gpron to runway 5R

CAA Proposed Changes

To enhance the factua record, the following replacement sentences are suggested where
aopropriate:

1% sentence: “In particular, ATC must ensure that the aircraft are clear of the active
runway after landing and that taxiing aircraft do not enter an active runway until
authorized by ATC.”

2" sentence: “ATC does have specific procedures and practices to assist flightcrew
taxiing around the airport but they are not normally exercised unless requested by the
pilot.”

> Section 1.18.2.4 Airport Surface Detection Equipment [3 issues|
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Issue 1:
Ref. Opening sentence, which ends* duties a any time.”

CAA |Issues and Discusson

The first part of the opening sentence is inaccurate. The controller is not ‘ required to use
ASDE’ but has the discretion to use it or not use it to auigment visual observations of
arcraft or vehicles.

CAA Proposed Changes

The opening words of the sentence should read: “ATP-88 states that the controller can
use Airport Surface Detection . . "

Issue 2:
Ref: 2nd paragraph, first sentence, which ends with “ control instructions by aircraft and
vehicles”

CAA |ssues and Discussion

Firgt sentence is redundant (see previous paragraph) and should be deleted.

CAA Proposed Changes

Delete the first sentence of the paragraph.

I'ssue 3:

Ref: 39 paragr goh beginning with, “ During interviews, the duty controller stated thet...”
CAA Issues and Discussion

The datement is an opinion and does not represent the CAA’ s postion.

CAA Proposed Changes

It is suggested that the statement be deleted. However, if the ASC believes the statement
should remain, there should be a clarifying statement that this is a personal opinion and
does not represent the CAA’ s pasition.
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Part 3

Representations on Section 2, Analysis

Changes Proposed tothe* ANALYSIS section of the ASC Draft Final
| nvestigation Report.

> Part 2 Analyss

Ref: Thefind paragragph that ends* utility of air safety investigation data”

CAA |Issues and Discusson

The classification of the findings as ‘ cause related’ , ‘ risk related” and * other’ is very
progressive and serves safety purposes better than the more traditional and dightly
different classifications often seen in accident investigation reports. The addition of
‘ safety deficiencies identified in the course of the investigation, whether related to cause
or not isaso very condructive.

CAA Proposed Changes

The clarity and the strength of the report could be further improved by consolidating
some of the findings and by diminating those of lessimportance

o Section 2.2 Structural Failure Sequence

Ref: Entire Section

CAA |ssues and Discusson

This information is factual with no conclusions being drawn and is not the basis for
Safety Recommendation support.

CAA Proposed Changes

The information could be edited and moved to the Section 1.12 Wreckage Information to
enhance the description of the accident Ste and damage to the airplane.

> Section 2.3 CKS Airport at the time of SO006 Accident
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Ref: Entire section

CAA |Issues and Discusson

The information presented in this section is factual information and is discussed in
Section 1.10, Airport Informetion.

CAA Proposed Changes

To diminate redundancy, it is suggested that this Section be deleted.
» Section 2.3.1.1  Design of Taxiway N1 Centerline Marking [ 2

ISSUES

Issue 1:
Ref:  Paragraph 2 — which ends with “from Runway 05R toward Runway 05L.”

CAA |Issues and Discusson

The CAA civil engineering specifications (ATP-AE 1000301: 3.8.5.1) did not state how

to calculate the distance between the south edge of the Runway (BR and the tip of the
curvature where N1 centerline made a turn into Runway 05R, and the distance between
the north edge of the Runway 05R and the tip of the curvature where taxiway centerline

marking turned away from Runway 05R to join Taxiway N1.

CAA Proposed Changes

CAA recommends that this reference be deeted.

I ssue 2:
Ref:  Paragraph 5 [final paragraph], which ends with “ safety oversight mechanism by
the CAA.”

CAA |ssues and Discusson

There is no question that there were deficiencies in the marking of Taxiway N1. The
significance of those deficiencies appears to be very dight in light of the extensive time
that they went unnoticed by the airport operator, the carriers and the States that conducted
inspections prior to authorizing their carriers to operate out of CKS airport. While the
ASC believes that the lack of a safety specialist and the lack of a safety supervision
mechanism were responsible for the oversight there are additional plausible
considerations. Even with a specialist and an oversight organization, there is no guarantee
that their observations would be acted upon. There could be an assessment that the
standard was not important, there could be an absolute shortage of money to implement
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the changes and there could be other more important safety items that used the available
funding year after year.

CAA Proposed Changes

It is suggested that the final sentence be revised to reed:

“The Safety Council was not able to determine the reason for the discrepancy. Certainly
the absences of a safety specialist and a safety oversight mechanism increased the

probability of the discrepancy remaining unnoticed. However, air carriers operating at
CKS and ICAO member States that conducted inspections of the CKS Airport did not
identify these discrepancies. Further, the Safety Council is concerned that other factors

such as the availability of funding and other safety priorities may have also played a
role”

» Section 2.3.1.2.1 Taxiway Lighting System Interlock with
Runway 05R Lighting Sysems

Ref. Para 2 — which ends with “ to update the locd regulations”

CAA |ssues and Discussion

According to ICAO Annex 14, Volume 1, Paragraph 5.2.1.3 and the FAA Advisory
Circular 150/5340-1H, Taxiway N1 centerline marking of CKS Airport meet ICAO
dandard and FAA AC.

CAA Proposed Changes

CAA recommends that this paragraph be deleted

> Section 2.3.1.2.2 Spacing of Taxiway Centerline Lighting [2
iSsues

Issue 1:
Ref: Paragraph 2, which begins with “ The curved radius from Taxiway NP...”

CAA | ssues and Discussion

The CAA offers clearer wording.
CAA Proposed Changes

It is suggested that the following text be inserted beginning a the second sentence:
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“Therefore, in order to meet the most recent ICAO recommendation (issued in 1999),

there should be 16 centerline lights spaced 7.5 meters apart dong the straight segment of
taxiway N1 where the curved portion of taxiway NP intersects with taxiway N1, up to the
runway 05L holding pogtion. . .”

I ssue 2:
Ref: Paragraph 3, which begins with “The distance of Taxiway N1 centerline lights. . .”

and endswith, “... did not meet ICAO SARPS”

CAA issues and Discussion

It has been recognized that the 200 meter RVR that was in print at the time of the
accident was the result of the misinterpretation of the ICAO standard. Although thisis
factual information and should be addressed along with the change that was made after
the accident to 350 meters, the analysis of this issue, as it relates to the SQ006 accident,
should be based on the fact that the RVR at the time of the accident was in excess of 350
meters. Further, although the standards call for a certain number of centerline lights to be
installed for use during “low visibility” operations, on the night of the accident the RVR
was well in excess of both the 200 meter and 350 meter RVR minimums. Therefore, to
focus the issue, the discussion should address the fact that there was a misinterpretation
of sandards resulting in the wrong RVR minimum

CAA Proposed Changes
The text should discuss the requirements for 350 meter RVR, which was the intent and
was the practice at CKS until the error was introduced. Further, the 350 meter limit was

restored when the error was redized.

In addition it is suggested that the following sentence be inserted as the conclusion to this
section:

“The Safety Council considers that a reduced spacing of the centerline lights on the

curves should assist crews to maintain awareness of their position and would reduce the
likdihood of taxiing errors”

> Section 2.3.1.2. Unserviceable Taxiway Centerline Lights

Ref: 2" paragraph which ends “ of the November 4 inspection.”

CAA |Issues and Discusson

The information in the section moves the balance of probabilities toward the lights being
norma & the time of the accident.

7-165



CAA Proposed Changes

In the last full line of the second paragraph change “might or might not . . .” to “were
unlikey to. ..

> Section 2.3.2 Thelngallation of Runway Guard Lights

Ref: Paragraph 2 which begins, “If CK'S Airport hed ingtalled RGL...”

CAA |Issues and Discusson

The text, as written, draws a conclusion that can not be supported by fact. The
installation of runway guard lights would have increased the conspicuity of the taxiway
and runway intersection, however, it is not known what effect the RGL would have had
since the flightcrew believed they were on the correct runway. Further, the flight crew
did not identify other visua cues that would have aerted them to fact they were not on
the assigned runway

CAA Proposed Changes

It is suggested that the concluding paragraph be revised to summarize the fact that the
RGL, in combination with the stop bars and other taxiway/runway markings typicaly
used for low vighility operation were not installed. Further, the instalation of this
equipment would reduce the probability of such an event.

»  Section 2.3.3 Safety Considerations for Temporarily and
Partially Closed Runway

Ref:  Paragraph 1 — which ends with “ exdusive use asamain taxiway.”

CAA |Issues and Discusson

The problem is greater than noted. Instead of the normal situation of having traffic
separated by direction, there would be the need to handle opposing traffic on a single

taxiway.

CAA Proposed Changes

Add the sentence:
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“The closure would put the combined traffic of Runway (Taxiway) 05R and Taxiway NP
onto Taxiway NP. There would be the loss of the ability to provide directional separation
and an increase in the risk of ground collisons”

> Section 2.3.5.2.1 Making Revisng and Updating of Civil
Aviation Regulations

Ref: Paragrgph 1, which endswith “ rules and regulationsin time”

CAA |Issues and Discusson

It is not clear why the specidist divison staff should have any lega background. One
often finds those with the technical background state the operational requirement and
legd experts draft the language for the regulations.

CAA Proposed Changes

Redate the first paragraph as follows:

“Each individua divison of the CAA was responsible for making the regulations within
its jurisdiction; however, most of the staff members of the divisions had no legd
background. That resulted in delays occasioned by a requirement to coordinate the
operational requirements with the process of legalization. In addition, CAA’ s access to
certain civil aviation resources is impaired by its absence from participation in major
international organizations, including ICAO. This also causes some timeliness problems
in the modifications of some rules and regulations.”

> Section 2.3.6 Summary of Organization and Management
Related Airfidd Deficiencies [2 issues]

Issue 1:
Ref: Item12& 3inparagrgph 1

CAA |ssues and Discussion

There are inaccuracies in each of the items.

CAA Proposed Changes

1 Reevant facilities met the ICAO standards at the time of design but did not
correpond to subsequent revisons

7-167



Runway and taxiway lighting sysems interlock mechanism;
Inddlation of sop bar lights;
Ingdlation of runway guard light.

2 Relevant facilities did not meet ICAO SARPs at the time of design and were
not identified during the construction specification review, acceptance at work
completion or in routine maintenance and operations

Mandatory Indruction Sgns;
Taxiway centerline marking and lighting.

3 Inadeguate adminigrative management:
Safety measures during arfiedld work in progress
Process of converting Runway 05R into Taxiway NC,
Fall to revise CAA regulations to reflect updated ICAO SARPs,

I ssue 2:
Ref:  Paragragph 2 that ends with “ caused those deficiencies to exig.”

CAA |ssues and Discussion

It is difficult to see how the above conclusion can be the only one. Regardless of the
organizational structure, the denial of participation in ICAO working groups is an
impediment to learning about developing standards and an impediment to inserting ROC
requirements into those standards. Similarly, the availability of funding and other safety
priorities would have to be considered and could easily affect the scheduling of dealing
with any deficiencies

CAA Proposed Changes

It is suggested that the final sentence be revised to reed:

“The Safety Council concludes that the inadequacy of the CAA organizationa structure
and the exclusion of the ROC from ICAO increased the probability of the deficiencies
remaining unattended. It was not determined how the availability of funding and the
existence of other safety priorities affected the scheduling of dealing with the
deficiencies”

> Section 241 Low Visbility Taxiing and Ground Movement
I nstruction [2 issues]

Issue 1:
Ref:  Paragraph 1, which begins, “ Air Traffic Control Procedures (ATP-83)....”

CAA |ssues and Discussion
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The primary purpose of the ATC system is to prevent a collision between aircraft. In
accordance with ATP-88, during periods of reduced visibility, or when the taxi route is
not visble from the tower, the controller is not required to issue progressive taxi
instructions, but has the option, based on his or her judgment, to issue such instructions.
SQ006 was the only aircraft operating on the airport at the time the taxi clearance was
issted. The controller provided a precise taxi route, which was accepted by the pilot of
SQ006 without arequest for progressive taxi ingructions.

Further, it is evident that the crew was able to navigate to the runway environment
without difficulty using the taxi clearance they received.
CAA Proposed Changes

It is suggested that the last sentence be revised as follows:

The primary purpose of the ATC system is to prevent a collision between aircraft, both
on the ground and in-flight. The controller provided the flightcrew of SQ006 with a
precise taxi route from the terminal apron to runway 05L. Although the visibility was
reduced due to weather and SQO06 was the only aircraft moving on the airport, the
guidance provided in ATP-88 only requires the controller to issue progressive taxi
ingtruction if requested by the pilot. ATP-88 aso indicates that if the pilot does not
request progressive taxi instruction, the controller, at his or her option may issue
progressive taxi indructions

Issue 2:
Ref:  Paragraph 4 —which ends with “ been more dert about the aircraft location.”

CAA |ssues and Discussion

It would have taken very little aertness on the part of CM-1 to readlize that the tower
controller could not see 2,000 meters in about 600 meters visibility. The CM-2 noted that
he did not expect the tower to see the aircraft as it approached the departure runway.
Information from the tower controller about not seeing the aircraft may have increased
the probability of pilot remaining aert to his position, however, it must be noted that the
CM-1 was nat derted by much more compd ling information.

CAA Proposed Changes

Replace the last two sentences with:

“However, the Safety Council believes that if the CKS ground controller had told the
pilots that they were not be able to see the aircraft from the tower, there is an increased
likelihood that CM-1 may have been more dert to his postion.”

Issue 3:
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Ref:  Paragraph 5, beginning with, “ It is goparent thet the controller did not issue...”

CAA Issues and Discussion

There is nothing in the factual or analysis to support the assertion * . . . it is likely that
this would have significantly enhanced the flight crew’ s situational awareness.” Refer to
discusson in Issue 1 of this section.

CAA Proposed Changes

It is suggested that the last sentence be replaced with the following:

“The effects of issuing progressive taxi instructions to the accident aircraft are not known.
However, if the controller had issued progressive taxi instructions to the SQO06 crew,
there would have been one more indication to the crew of their position and there is a
possibility that the crew may have remained conscious of their position beyond Taxiway
NP.”

o Section 2.4.2 Airport Surface Detection Equipment (ASDE) [2
iSU€es

Ref:  Paragrgph 3, which ends with “ traffic and occasond poor vighility.”

CAA |ssues and Discussion

The Safety Council proposal appears to be advocating ASDE without ensuring that it is
conddered in the light of al other sefety priorities a arports with high traffic volume.

CAA Proposed Changes

It is suggested that the last two sentences be replaced with:

“Therefore, the Safety Council concludes that the CAA should conduct a risk analysis of

its safety related requirements to ensure that expenditures are matched with the highest
risks. The Safety Council aso recommends that ASDE or an equivaent be considered

among the safety requirements assessed, on the basis of arisk andlyss, a civil arports.”

Issue 2:
Ref:  Paragraph 4, which ends with “ CAA’ s sefety enhancement project”

CAA |ssues and Discussion

There is nothing in the factual section to support the assertion that the MOTC did not
understand the significance of such an installation, or that there was a lack of professional
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knowledge or motivation. The discussion in Section 1.18.2.4 indicates that in 1996, the
ANWS and CAA agreed on the need for ASDE and began the procurement process. The

process did continue from 1996 with find gpprova from the MOTC in August 2001

CAA Praposed Changes

The paragraph should be rewritten as.

“At the end of February, four months after the SQ006 accident, the CAA asked the
MOTC to approve the ASDE procurement process in the first part of that year and the
request was approved six months later. It is not known what factors affected the timing
but in light of the high cost and limited effectiveness of the ASDE in adverse weather, the
time to conduct the appropriate assessment and weigh the project against other safety
priorities gppears reasonable.”

> Section 2.5.2.1 NOTAMSand INTAMS

Ref: Paragraph 2, which ends with “worksin progress on Runway 05R.”

CAA |ssues and Discussion

The discussion is mostly speculative and provides an unfounded basis for the crew not

taking in the kind of information they receive and must understand before every flight
involving adverse wegther.

CAA Proposed Changes

The paragraph should be edited and reconstructed to read: The flight crew was provided
with information contained in the various flight documerts prepared by the EVA
dispatchers. Further, the flight crew stated after the accident that they were fully aware
that sections of Runway O5R were only available for taxi and there were construction
worksin progress on Runway 05R.

> Section 2.5.4.1  Taxiing

Ref: Paragraph 2, which ends with “will be discussed in Section 2.5.7.1 of the report.”

CAA |ssues and Discussion

The comments about the distraction of the crew are without specific support. Since they
were operating within the range of expected performance and there were three
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crewmembers to do the work designed for two, specific reasons would be required to
judtify any finding of digtraction or menta overload.

CAA Proposed Changes

From the beginning of the third sentence the paragrgph should read:

“The flight crew was operating toward the busy end of the range of normally expected
activity. However, there were three crewmembers to handle the work expected of two.
The flight crew indicated that they did not monitor the fina phase of the taxi (the turn
from Taxiway NP onto Runway 05R via N1) in accordance with the airport chart and the
associated aircraft-heading indications. Further, the crew did not check the taxiway and
runway signage and markings to verify their position when the aircraft turned from
Taxiway NP onto Runway O5R via Taxiway N1. Nor did they react to the green
centerline lights, the absence of bright TDZ lights and the PAPI, the narrow maneuvering
surface, the PVD anomaly or the primary flight display indications. The pilot’ s field of
view during the critical turn from NP onto Runway O5R will be discussed in Section
25.7.1 if thisreport.

> Section 2.5.4.2 Flight Crew Awareness

Ref: Paragraph 4, which endswith “the findl phase of the taxi” .

CAA |ssues and Discussion

It seems that the presumption is that because the crew did not get onto the assigned
runway, they must have been distracted. While the winds were near the crosswind limit
and worse weather was expected in the coming hours, there was nothing that should have
distracted the crew. The normal oral briefing on what to do in the event of a take-off
emergency (e.g. engine failure) was omitted which suggests less than full attention to
takeoff procedures. The “Before Take-off” procedures are required on every flight and
are part of normal routine, thus, they cannot be considered distracting in themselves.

Also, there is no evaluation of the reliability of the flightcrews after accident
recollections.

CAA Proposed Changes

It is suggested thet the last sentence of Section 2.5.4.2 be deleted.

»  Section 2.5.4.3 Intra-flight Deck/Cockpit Verbal Coordination

Ref:  Paragrgph 2, which ends with *“was not used effectively.”

CAA |ssues and Discussion
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This section implies that the flightcrew complied with the FAA Advisory Circular that
states, in part, “before entering a runway for takeoff, the flight crew should verbally
coordinate to ensure correct identification of the runway.” Although the ASC report
states that “ They had verbally coordinated to ensure that they all knew that Runway 05L
was the takeoff runway..,” thisis NOT the same thing as “ verbally coordinating to ensure
correct runway identification before turning onto it.”

CAA Proposed Changes

The paragraph should be revised to reed asfollows:

“ Although the crew had verbally coordinated to ensure they all knew that Runway O5L
was the takeoff runway, and they had received ATC clearance to use it, the crew did not
confirm that they were actualy on 05L. Further, as the CM-1 taxied into position for
takeoff, the crew accepted that they were on Runway 05L without verifying their position
using the aircraft instrument indications, taxiway/runway signage, the runway
environment or the anomaous PVD indication.”

> Section 2.5.4.5 SIA Low Vigbility Taxi Training

Ref:  Paragraph 1, which ends with “ did not recaive low vishility taxi traning.”

CAA |ssues and Discussion

Additiond information could be added to the paragrgph to enhance the discussion.

CAA Proposed Changes

CM-1 dated that he did not receive low vighility taxi training. However, he was
qualified for CAT Il operations, which infers operating at visibilities considerably below
those at CK'S on the night of the accident.

> Section 2.5.5 Before Take-Off Check

Ref: Paragrgph 2, which ends “ practice for low vighility conditions”

CAA |Issues and Discusson

There is no mention of other common practices that are usualy included under the
heading of good airmanship. In limited visibility conditions pilots routinely count the
runway edge lights, which are a nominal 200 (60 meters) feet apart to cross check the
RVR reading. In addition it is common to ask to have the runway lights turned up to
strength 5 in adverse weather. Such a request would have quickly shown the crew that
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there were no edge lights on, or in the unlikely event that they were on they would not be
the ones that increased in strength.

CAA Proposed Changes

It is suggested that the following text be added to the end of the paragraph:
“The crew did not employ the ‘ rule-df -thumb’ check to verify the RVR by counting the

visible (60 meter spaced) edge lights and they did not ask for brighter lighting for the
reduced vishility takeoff.”

> Section 2.5.6.1 Primary Flight Displays

Ref: Paragraph 3, which ends * these indications before take-off.”

CAA |ssues and Discussion

Pilots routinely use the ILS localizer and other information on the PFD before takeoff to

verify the runway, and to set up the return to the departure airport in the event of a
takeoff emergency.

CAA Proposed Changes

It is suggested that the last paragraph be revised asfollows:

“Pilots routinely use the ILS localizer indicator and the runway symbol on the PFD as a
runway aignment reference for landing. However, there were no SIA procedurd
requirements for the flight crew to utilize the localizer alignment to validate assigned
runway aignment before takeoff.”

> Section 2.5.6.3.3 Operational Use of PVD

Ref: Bullet pairt lig

CAA |ssues and Discussion

Bullet 2 — “the aircraft is not within the \alid localizer region.” For clarity additional
information should be added to expand on “vaid locdizer region.

CAA Proposed Changes

Add the following text after the “region” (i.e. not on the assgned runway); or...
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> Section 2.5.7.1 Markings and Signage [2 issues|

Issue 1:
Ref: Opening paragraph, which begins “ During the arport Ste survey...”

CAA |Issues and Discusson

An introductory sentence, before the present beginning, that cites the information
reported by the pilots would enhance this section.

CAA Proposed changes

It is suggested the following text be added as the 1 paragraph:

“During interviews with the pilots of SQ006 after the accident, they stated they did not
recall seeing any markings and signage except the piano keys when the aircraft was
turning from Taxiway NP onto Runway 05R.”

Then delete the last sentence in the paragraph which begins, “However, during
interviews, the pilats...”

I ssue 2:
Ref. Figure 25-1

CAA |ssues and Discussion

A note indicating that the diagram is based on the pilot not moving his head would be
informative. (Unless the related section isrevised)

CAA Proposed Changes

Add: The diagram is based on the pilot looking forward and not moving his head.
(Unlessthe related section is revised)

> Section 2.5.7.2.1 Taxiway Centerline Lights

Ref:  Paragrgph 2, which ends with “ was achieved prior to take-off.”

CAA |Issues and Discusson

In light of the limited reliability of post accident memory, the representations of the flight
crew should be qualified. Also, the conjecture about the crew’ s attention resources
should be diminated.
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CAA Proposed Changes

It is suggested the text of paragraph 2 be modified as follows for accuracy:

“The crew indicated that the attention focus of CM-2 and CM-3 was “inside” the cockpit
for the checklist and crosswind component calculation during the turn onto the runway.
In addition, CM-1 indicated that he was concentrating on maintaining minimum taxi
speed and following the green lights onto the runway. The aircraft is designed for
operations in all conditions within its flight envelope with two pilots. The operational
envelope includes the handling of emergencies, such as the failure of two engines on the
same side of the aircraft in the most critical stages of flight. The preparation for takeoff
at night in adverse weather could be considered a high workload situation but it is not
extreme. Further, the flightcrew of SQ006 was in a favorable situation because there
were three pilots to conduct the work typically expected of two. Additionaly, the flight

crew did not seek or make use of al the pertinent information available nor did they
prioritize the information to ensure they were on the assigned runway.”

> Section 2.5.7.2.2 Spacing of the Taxiway Centerline Lights [2
ISSuUes

Issue 1:
Ref:  Paragrgph 1, which ends with * bdlieving it to be Runway 05L."

CAA |ssues and Discussion

The assertion in the first sentence is too strong to be supported by the facts. Taxiway
centerline lights are not used for lining up on the runway, but in fact are only guidance to
the runway. Thus, the assertion that the spacing of the taxiway light influenced the crew
to “ believe they were lining up on the correct runway” cannot be supported.

Further, the report includes the statement that the “ Safety Council has concluded that
during the turn from Taxiway NP onto Runway 05R, the green taxiway centerline lights
leading into Runway 05R attracted CM-1’ s attention.” This statement and others leading
up to it imply that the green lights were responsible for, or controlled, the CM-1's
attention alocation processes. In the human factors literature, this reflects a stimulus-
driven or bottom-up process. However, given that the PIC of the AsiaPacific 747-400
was able to follow the green taxi lights from NP to 05L, suggests the green lights leading
to 05R were driven, at least in part, by more top-down or mental processes rather than
driven soldy by environmentd factors such as the sdiency of thelights.
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CAA Proposed Changes

It is suggested that the beginning text of the 1* paragraph be revised as follows for clarity
and accuracy:

“The spacing difference between the taxiway centerline lights on Taxiway N1 that let to

Runway 05L and those that turned right on to Runway 05R might appear ambiguous and
may have been a factor that influenced the flightcrew to believe that they were taxiing

into pogtion on the “ correct” runway.”

Issue 2:

CAA issues and Discussion

Revise the ASC condusion.

CAA Proposed Changes

The concluson satement should be rephrased to State:

“The Safety Council has concluded that the captain’s expectation that he was
approaching the departure runway coupled with the saliency of the lights leading onto
runway O5R resulted in the captain alocating most of his attertion to these centerline
lights. He missed the centerline lights thet led to Runway 05L...”

> Section 2.5.7.2.3 Color of the Centerline Lights[2 issues|

Issue 1:
Ref: Lagt Paragraph, which endswith “ centerline lights were green.”

CAA |ssues and Discussion

The last paragraph in this section states, “ the flight crew were probably fully occupied by
the high workload induced by concern about the degrading weather...” The term “high
workload” is used throughout the report to imply that this flight crew experienced an
exorbitant workload that was above that experienced by any other flight crew that
departed CKS around the time of the accident. However, there are no facts offered to
support this claim. Furthermore, one must question whether three pilots operating under
conditions for which they have been trained to typically operate with only two pilots,
were realy experiencing the effects from a high workload. In any case, the term is
certainly not used appropriately here. “Workload,” in the human factors literature, is not
induced by “concern.” The term preoccupation might be a better term
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In addition, a review of the CVR transcript revealed that the flightcrew had
approximately 56 seconds between the times the “Before Take-off” checklist was
completed and the takeoff commenced. Additionally, of those 56 seconds, the last 30
seconds was with the arcraft holding in the takeoff pogition on runway 05R.

Furthermore, the CVR transcript indicates that the majority of the discussion occurring
among the flight crew during this period was regarding the anomaous PVD indication.

CAA Proposed Changes

It is suggested that the last paragraph be revised for dlarity and accuracy to the following:

“When the aircraft taxied into takeoff position and held on runway O5R for
approximately 33 seconds, the focus of the flightcrew’ s attention was apparently the PVD
and the reason it had not un-shuttered. During that period there were no further
discussions about the degraded visibility, fluctuating weather conditions, approaching
typhoon or crosswind limitations. Consequently, despite the fact that they had a brief
period of time, prior to commencing the takeoff, to look out the windscreen at the runway
environment, the reason for the flight crew’ s incorrect perception that the centerline
lights were white rather than green, and the significance of this fact, could not be
determined.”

o Section 2.5.7.4 Runway Difference | ssues [2 issues|

Issue 1:
Ref: First Paragraph, second bullet

CAA |ssues and Discusson

The second bullet, thereis no mention of the PAPI on Runway 05L.

CAA Proposed Changes

Following TDZ, add: and afour-light PAPI to the Ieft of the runway.

Issue 2:
Ref. Last paragraph of the section, which ends “ runway configuration information.”

CAA |ssues and Discussion

Based on previous discussions about the flight crew’ s actions during the final moments of taxiing
to the runway and the misuse of the term “ high workload,” the last sentence is speculative and
should be deleted.
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CAA Proposed Changes

Delete the final sentence of the paragraph, which deals with experience and workload.

- Section 2.5.7.5 Runway 05L Guard Lights

Ref. Second Paragraph, which ends “ location of Runway 05L."

CAA Issues and Discussion

The second part of the concluding sentence is speculative and cannot be supported by the facts.

CAA Proposed Changes

It is suggested that the last sentence be revised to end after the words “ holding position.” The
remainder of the sentence should be deleted.

It is suggested that a new paragraph 3 be inserted as follows. The lack of stop bar or guard light
is unrelated to flight crew’ s judgment in this event, because if flight crew should have expected
the existence of stop bar or guard light before Runway 05L, they would not have taken off on
Runway 05R in the absence of them. On the other hand, the AIP aready indicated the lack of
stop bar and guard light and flight crew should not have expected to rely on them to identify the
correct runway.

I

> Section 2.5.7.6.1 Runway 05R Edgel ights

Ref: 1 sentence, which ends “time of the accident.”

CAA Issues and Discussion

Additional text should be inserted after the first sentence to bring the paragraph fully in line with
the factua information in the report. Also amend the final sentence.

CAA Proposed Changes

Insert the following text after the words, “...time of the accident:”

“Based on the facts, the Safety Council believes that there is a high probability that the edge
lights were out during the SQ006 takeoff.”

Amend the lagt sentence to reed:
“Regardless of the status of the Runway 05R edge lights, the crew took off from Runway
05R”

o Section 25.7.6.1.1 If Runway 05R Edge Lights Wer e Off

Ref: End of section, which reads* on the incorrect runway.”
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CAA | ssues and Discussion

The report includes the statement, “They saw what they expected to see — a normal
picture of a runway.” However, al three pilots were aware that they would be taking off
on a CAT Il runway and they discussed the use of the runway as a landing aternate in
case they had to divert the flight, because it was a CAT Il runway. The report now aso
states that all three pilots were qualified for CAT Ill operations. Therefore, given the
pilots training and experience, and the recency in which they discussed the runway
information, the flight crew should have expected to see a “normal picture” of a CAT Il
runway (typically illuminated with touchdown zone lights). During the interview process,
however, they were never asked about what a normal CAT Il runway should look like.
Therefore, it is unknown what their actual knowledge was at the time of the accident.
Nonetheless, the fact that they interpreted O5R as the CAT 1l Runway 05L, suggests that
their expectation of what a CAT Il runway should look like was inaccurate.

CAA Proposed Changes

It is suggested that the concluding paragraph be revised to include the following text
beginning with the second sentence:

“Based on the fact that the pilots were CAT I1I qualified and experienced, in addition to
the recency in which they discussed the runway information, they should have expected
to see a “normal picture” of a CAT Il runway. During the interview process, however,
they were never asked about their perception of what a norma CAT Il runway should
look like. Therefore, it is unknown what their actual knowledge was at the time of the
accident. Nonetheless, the fact they interpreted O5R as the CAT Il Runway 05L, suggest
that they had an inadequate mental model of what a normal CAT Il runway should look
like”

o Section 2.5.7.6.1.2 If Runway 0O5R Edge Lights Were On [2
iSsues

Issue 1:
Ref: End of section which reads “ and carried out the take-off.”

CAA |ssues and Discussion

The first paragraph in this section refers to statements made during the interview of the
freighter captain.

CAA Proposed Changes

In light of the concerns previously expressed about the dubious nature of this testimony,
the discusson of this captain’ s statements should be deleted.
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Issue 2:

CAA |Issues and Discusson

The third paragraph in this section states, “Under high workload of taking off in severe
weather conditions...” Again, the term “high workload” appears throughout this
document without any consistent meaning. In this context, it appears that workload is not
being used to refer to task characteristics at al, but to the internal emotional state of the
pilots , such as stress or anxiety. The liberal use of this term makes it a “ catch-al,” and
often negates the true meaning in favor of a meaningless explanation of pilot
performance.

CAA Proposed Changes

The use of the term “workload” in general, and “ heavy workload” in particular, should be
clearly defined and its use carefully re-examined throughout the entire report. If the term
workload is being used in this section of the report to refer to an internal emotiona state
of the crew, then the sentence should be restated to read “Under the stress and anxiety of
taking off in severe weether conditions...”

o Section 2.5.7.7 Expectation of Runway Picture [2 issues|

Issue 1:
Ref: End of section, which reads* from seeing those lights’

CAA |ssues and Discusson

The first paragraph ends with the statement * Furthermore, CM-1 stated that the timing of
the take-off clearance gave him an impression that CKS Tower cauld see him.” Thisis
contrary to the fact that he told the CM-2 at 23:14:58, “tell them [the controller] we are
ready.” Based on this request, the controller would issue the clearance based on the
pilot’ sverba gatement not visud identification of the aircraft.

CAA Proposed Changes

It is suggested that the following statement be indluded at the end of the 1* paragraph:

“However, neither CM-2 nor CM-3 was under the impression that CKS Tower could see
them. Therefore, athough the perceived timing of the takeoff clearance received from
ATC (CM-1 had instructed CM-2 to tell the controller that they were, “...ready”) may
have confused the CM-1, it did not have an impact on the situation awareness of CM-2
and CM-3.”
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Issue 2:

CAA |ssues and Discusson

The 2'9 paragraph indicates that when the flightcrew was asked about their mental picture
of what a normal CAT Il runway should be, they responded that a closed runway should
be black and the runway should not be illuminated. In addition, the crew commerted
that there should be obstruction lights and barricades for the work in-progress area, and
lighted no-entry signs at the beginning of the runway.” These are not entirely correct
statements. According to the flight crew interviews, only CM-2 and CM-3 were asked
this question but not CM-1. Furthermore, CM-2 and CM-3 did not give entirely the same
answers. For example, CM-2 did not mention barricades or illuminated no-entry lights.
Therefore, implying that the flight crew all shared this same impression or mental model
of a closed runway is incorrect and unfounded. Also, it was noted earlier that none of
the flight crew was asked what a CAT Il runway should look like. Therefore, it is
unknown what their actual “expectation of the runway picture’” was at the time of the
accident.

CAA Proposed Changes

It is suggested that this paragraph be revised and the following text inserted as follows
after the words, “were il available for taxi.”:

“When queried about their menta picture of a closed Runway 05R, CM-2 and CM-3
stated that a closed runway should not be illuminated and should have warning lights. In
addition, CM-3 commented that there should be barricades for the workin-progress area
and lighted no-entry signs. This question was not asked of the CM-1, and it could not be
determined whether he too had the same impression of a closed runway. Regardless, al
three flight crew members were aware of the NOTAM indicating that Runway 05R was
avalable for taxi operations only on the night of the occurrence.”

> Section 2.5.7.7.1 Confirmation Bias[2 issues]

Issue 1:
Ref: As noted.

CAA |Issues and Discusson

The first paragraph in this section ends with the statement that, “ Essentialy, the crew
may only seek information that confirms their present interpretation of the runway.”
Consequently, this is the reason why formal procedures and checklist are used in complex
systems such as aviation. They are utilized to overcome nuances and idiosyncrasies of
human behavior. The FAA stated in its Advisory Circular (AC) that “before entering a
runway for takeoff, the flight crew should verbally coordinate to ensure correct
identification of the runway.” This was intended as tool to provide a safety barrier
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against confirmation biases, hasty decisions, and loss of situational awareness. However,
as noted in section 2.5.4.4, S A did not have such proceduresin place.

CAA Proposed Changes

It is suggested that the following text be added to the end of the first paragraph:

“Procedures and checklist are often used in complex systems such as aviation to
overcome these nuances and idiosyncrasies of human behavior. Consequently, the FAA
stated in its Advisory Circular (AC) that “before entering a runway for takeoff, the flight
crew should verbally coordinate to ensure correct identification of the runway” in order
to provide a safety barrier against confirmation biases, hasty decisions, and loss of SA.
However, as noted in section 2.5.4.4, SIA did not have such proceduresin place”

Issue 2:

CAA |ssues and Discussion

The second paragraph in this section includes a statement that “ The crew also believed
the timing of the Air Traffic Control clearances for taxiing into position and hold and
takeoff seemed to confirm that they were in the correct location for takeoff.” This
statement is inaccurate. Only CM-1 made this statement. CM-2 understood the timing of
this statement, because he is the one who asked for the clearance. CM-3 stated in his
interviews that he was not under the impresson that ATC tower could see them.

CAA Proposed Changes

The statements should be modified to read “ CM-1 stated that the timing of the Air Traffic
Control clearances for taxiing into position and hold and takeoff seemed to confirm that
the aircraft was in the correct location for takeoff.” However, CM-2 likely understood
the timing of the ATC clearances, because he was the one who made the requests. CM-3
also stated in his interviews that he was not under the impression that ATC tower could
see them.”

o Section 2.5.7.8 Summary [2 issues]

Issue 1:
Ref: Find sentence of first paragraph.

CAA |Issues and Discusson

The last part of the final sentence is too conjectural to be considered analysis. Recast the
sentence to remove the conjecture.
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CAA Proposed Changes

Thefind sentence should read:

“If runway guard lights or stop bars or densely spaced centerline lighting along Taxiway
N1 had been provided, they would have increased the conspicuity of the Runway 05L
holding position and would have increased the probability that the crew would have been
derted to the location of Runway 05L."

Issue 2:
Ref: Last paragraph of the section.

CAA |ssues and Discusson

The paragraph could be restructured to increase accuracy and diminate conjecture.

CAA Proposed Changes

Beginning with the third sentence:

“The crew was experienced in night operations and was familiar with runway and
taxiway lighting. They were aware that taxiway centerline lighting is green and runway
lights are white or near white. There was nothing in the workload that should have
impeded the crew’ s processing of runway configuration information. When CM -1 elected
to takeoff, he could see an adequate distance down the runway, and none of the visual
cues prompted him to realize his error. Finally, the contrary cockpit instrument
indications (PFD & PVD) were not resolved by the crew.

Additionally, the CM-1 stated that the timing of the Air Traffic Control clearance for
taxiing into position and holding and takeoff seemed to confirm that they were in the
assigned position for takeoff. However, this perception should be balanced against the
known difficulties in recounting events accurately following an accident.”

»  Section 2.5.8 Additional  Human Factors issues — An
Elaboration of Factors |nfluencing the Flight Crew during Taxi
from NP to Runway 05R

CAA |Issues and Discusson

This section appears to include more exploration and conjecture than it does the analysis
of facts that are known to have played arole in this accident. Furthermore, the series of
sectionsfrom 2.5.8.2 through 2.5.8.5 are dmost entirely speculation.

COMMENT ONLY, FOR CONS DERATION BY THE AUTHORS
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o Section 2.5.8.1 Time Pressure to TakeOff Before Typhoon
Was Closing

Ref:  Second to last sentence.

CAA |ssues and Discussion

Accuracy could be increased and conjecture could be removed from the last part of the
paragraph.

CAA Proposed Changes

The second to last sentence should reed:

“It could not be determined whether the crew’ s concerns about the approaching typhoon
enticed them to hastentheir departure to the point where they did not make appropriate
checks to identify and confirm that they were on the assigned runway.”

The last sentence should be deleted.

> Section 2.5.8.2 Attention Allocation, Workload, and Situation
Awareness [2 issues|

Issue 1:
Ref: Generd to section.

CAA |ssues and Discusson

In this section, the report states that “ Under high workloads,...individuals may load shed
to the point that important information is not given priority or not fully examined.
Furthermore, scanning of information may be scattered and poorly organized.” While
this statement may be true, the report should also point out to the reader that this is why
the aviation industry requires more than one pilot to fly the airplane, so that the pilotscan
share the workload and monitor each other’ s actions and maneuvers. Given that there
were three crew members on this particular flight rather than the normal two, should have
helped reduce the workload in the cockpit on the night of the accident.

CAA Proposed Changes

Since the report attempts to educate the reader on situation awareness and workload, it

should aso educate the reader on what the industry has done to place barriers in place to
prevent the occurrence of such performance decrements. The report should include the
following text to provide darity and enhance the discussion:
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“The aviation industry is aware of the possible problems that can arise from high
workload in the cockpit. This is the reason why more than one pilot is often required to
fly an airplane, so that the pilots can share the workload and monitor each other’ s actions
and maneuvers. Given that SQ006 had three flight crew members in the cockpit, rather
than the required two, should have helped reduce the workload in the cockpit on the night
of the accident.”

I ssue 2:

CAA |ssues and Discussion

This section aso contains the statement “ Interview and CVR data showed that the pilots
experienced high workload induced by taxiing in the severe weather conditions, cockpit
tasking and planning.” Again, the term “high workload” is used to imply that this flight
crew experienced an exorbitant amount of workload that was above the workload
experienced by any other flight crew that departed CKS around the time of the accident.
However, there are no facts offered to support this assertion. Furthermore, the CVR data
does not “show” that pilots experienced high workload. Rather, it reveals that pilots were
having difficulty managing the workload that they were experiencing. Given SQ006 was
operating with three flight crew members, rather than the required two flight crew
members, saverdy undermines the vdidity of thisandyss.

CAA Proposed Changes

It is suggested thet the discusson be modified to reed:

“Interview and CVR data indicated that the pilots had difficulty managing the workload
induced by taxiing in the savere weether conditions, cockpit tasking and planning.”

Additionally, we also recommend that the term “ workload” be clearly defined and its use
carefully re-examined throughout the entire report.

Following the third sentence, insert:

“The PVD is a smplified form of headup display and is designed to be captured by
peripheral vision while the pilot’ s attention is on the runway ahead of the aircraft. CM-2
did not notice any runway marking or runway signs. However, ke recalled seeing lights
leading onto the runway and CM-1 following the lights onto the runway. CM-2 stated
that he saw bright lightsin themidde of the runway.”
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> Section 2.5.8.3  Pattern Matching

Ref: Generd to section

CAA |ssues and Discussion

The report states that “the flight crew believed that Runway O5R was Runway 05L
because their mental pictures lead them to believe that Runway O5R was a normal
runway at night.” However, as stated previoudy, given the pilots CAT Il training and
experience, and the recency in which they discussed the runway information, the flight
crew should have expected to see a“normal picture” of a CAT Il runway. However, they
were never asked about what such a norma CAT Il runway should look like during the
interview process. Therefore, it is unknown what their actual knowledge was at the time
of the accident. Nonetheless, the fact they interpreted 05R as the CAT 1l Runway 05L,
suggest that their menta picture of anormal CAT |1 runway was inaccurate.

The last sentence in this section also states, that “...it is normally not necessary to devote
alarge component of the residual attention resources to the matching process to see if the
runway is in fact the correct runway for takeoff.” However, the report fails to add that in
keeping with the best practices in the industry, it is customary for flight crews to verify

that they are on the correct runway prior to takeoff in order to avoid any problems that
might arise from the pattern matching process.

CAA Proposed Changes

This whole section is entirely speculative and conjectural and should be deleted from the
report. If the ASC believes that it should remain, a sentence at the end of the section
should be added that reads:

“However, in keeping with the best practices in the industry, it is customary for flight

crews to verify that they are on the correct runway prior to takeoff in order to avoid any
problems that might arise from the pattern matching process.”

> Section 2.5.8.4 Taxiway Lighting | ssues

Ref: Paragraph 4 which ends with “from NP onto Runway 05R.”

CAA |ssues and Discussion

This section of the report states that “...it is possible that CM-1 inadvertently reverted to
the most dominant previoudy for med mental model under high workload to follow the
green taxiway centerline lights, which generally takes him to where he is supposed to go,
and he reverted to this habit while turning from NP onto Runway O05R.” Again, this
statement is highly speculative and there are an unlimited number of “possible” human
factors issues that could be discussed. Furthermore, there is no evidence that what is
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describe here is CM-1' s “most dominant previously formed mental model.” As indicated
in footnote 58, the majority (56%) of the airports that CM-1 operated into during the two
months prior to the accident were NOT equipped with “ follow the green sysems”

CAA Proposed Changes

This section should be deleted from the report. However, if the ASC believes it should
remain, the following text should be added:

“ Although the Safety Council considered possible pattern matching issues, there was no
way of knowing what the most dominant previously formed mental model would have
been for the flight crew and therefore, no conclusions could be made”

Such a gatement is aready included in section 2.5.8.5 on arport layout.

> Section 259 Water-affected Runway | ssues

Ref: Paragraph 4, which ends with “ dl runways are the same?’

CAA |ssues and Discussion

SIA could have given its pilots a practical means of using the rainfal rate to assess
whether a runway is contaminated. By the practices adopted by some other carriers, the
runway would have been determined contaminated

CAA Proposed Changes

Add & the end of the paragrgph the following text:

“While SIA had established a conservative measure for determining when a runway was
contaminated, they did not convey a practical means to their pilots to make the

determination, which largdly defeated the effect of the compary standard.”

> Section 259.1 SIA Crosswind Limitation and Runway
Condition Determination Procedure

Ref: Generd to the section.

CAA |ssues and Discussion

Based on the wind information presented in Table 1.7-1, the wind condition recorded by
the AWA at 23:14, 23:15, 23:16 and 23:17 were, 018 degrees at 56 knots, 029 degrees at
59 knots, 013 degrees at 59 knots and 360 at 41 knots. The crosswind magnitude (also
cited in Table 1.7-1) as calculated by the ASC for the same time period were from the left
Sde of runway a 29 knots, 20 knots, 34 knots and 31 knots respectively.
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The flightcrew received several wind updates from the controller prior to commencing
the takeoff. The controller issued SQO006 a takeoff clearance at 23:15:22, and reported
the wind to be 020 degrees at 28 knots, gusting to 50 knots. There was no discussion
among the crewmembers regarding the crosswind limitations based on the latest wind
conditions. Further, the CM-1 did not commence the takeoff until 23:16:44, or 1 minute
and 22 seconds after the last wind report.

Based on the wind conditions reported by the controller at 23:15:22, the recorded AWA
wind condition at 2316 (013 degrees at 59 knots) and the crosswind magnitude of 34
knots calculated by the ASC, it is highly probable that the flightcrew departed in
conditions that exceeded the SIA crosswind limitation of 30 knots. Additiondly, the
wind conditions may have also precluded the flightcrew from using CKS Airport as their
“dternae’ because the conditions would have exceeded the landing limitations.

CAA Proposed Changes

Based on the factual information presented, it is suggested that the crosswind values be
re-validated and that the wind direction and magnitudes, as recorded from both the AWA

and the provided © crew by the controller at 23:15:22 be used to determine if the
flightcrew attempted to operate in wind conditions that exceeded the limitation imposed
by the aircraft manufacture and SIA.

If the crosswind limitation was exceeded, then the report should be modified with a brief
andyss of the information and an gppropriate* Finding” induded.

- Section 2.5.10 Crew Coordination

Ref: One paragraph section.

CAA |Issues and Discusson

The paragraph can be made more accurate and comprehensive.

CAA Proposed Changes

The flight crew’ s dismissal of the PVD in concert with not referring to the Primary Flight
Display eliminated two of the last lines of defense to ensure during the final stage before
takeoff that the aircraft was in position on the assigned runway. The CVR transcript
indicated that CM-2 questioned the lack of a PVD indication while the aircraft was
turning onto Runway 05R. CM-1 and CM-3 then engaged in the following discussion
regarding the PVD: CM-1 stated: “Yeah we gotta line up first,” followed by CM-3
stating, “We need 45 degrees” The CM-1 continued, “Not on yet PV D, never mind, we
can see the runway, not o bad.”
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After SQO06 lined up on the runway, the 3 pilots did not resolve why the PVD did not
unshutter. CM-2 did not continue D resolve the unshuttered PVD indication nor did
CM-1 and CM-3 attempt to support or resolve thisissue. Thisindicated the flight crew
did not apply basic CRM principles in resolving a critical operational problem. In
addition, they did not employ * rule of thumb’ cross checks on visibility by counting edge
lights or asking for strength five lighting. The opportunity was lost to discover that the
aircraft was not on the appropriate runway and was not within the usable signal of the
preset ILS.

o Section 2.6.1 SIA Crewmembe’s Emergency Evacuation
Operations and Training

Ref: Paragraph 2, which ends “ declare emergency evacuation.”

CAA |ssues and Discussion

A little more credit could be given to the crew for initiative during the evacuation.

CAA Praposed Changes

Add to the end of the paragraph, the following text:

“Some did use what was immediately available such as flashlight beams to direct
urvivors to exits and they made some use of deflated dides as aform of exit ladder.”

> Section 2.6.4.3 Work Designation and Human Resources in
Rescue Operations of Fire Fighters

Ref: Generd to section.

CAA Issues and Discussion

The CKS firefighting capability should be seen in light of the total resources available.
The surrounding communities provide significant supplementary vehicles and personnel,

which is not the case a numerous other airports.

CAA Proposed Changes

Add the following text to the second to the last paragraph:

“Severa communities around the CKS airport provide supplementary firefighting
equipment and personnel as required. These readily available resources should be
factored in when assessing the operational firefighting capability of the airport. The on
airport fire fighter numbers may be low, but the airport appears to be well covered when
nearby available resources are added.”
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o Section 2.7.2 Airport Incident Reporting and Tracking

Ref: Lagt paragraph of the section.

CAA |ssues and Discussion

There is a very important point to be made here that is different from the ASC
recommendation.

CAA Proposed Changes

It is well known in countries that have fairly long experience with independent accident
investigation bodies that flight and ground crews together with ATC personnel are much
more likely to report on inciderts if the report can be made to someone other than the
regulator and preferably to the independent accident/incident investigation authority. The
fear of prosecution associated with reporting incidents to the regulator leads to significant
underreporting. The ASC will seek authority to develop an incident reporting system.
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Part 4

Representations on Section 3, Conclusons

Section 3 Conclusions

Ref:  Second paragraph, which ends “ leeding to the accident.”

CAA |ssues and Discusson

There is a logic problem with the highlighted title, 3.1 Findings Related to Probable
Causes. When a group of things happened or almost certainly happened the word
‘ probable’ is not necessary or even desirable. Those elements that are shown to have
operated are beyond the concept of being probable. The term ‘ probable’ could be applied
to those that almost certainly operated. However, the definition of the term, as developed
by the ASC and shown in Para 2 of the * Conclusons section includes both certain and
highly probable events, and it would be much preferable to drop the word ‘ probable’ and
meake thetitle “ Cause Related Findings' .

CAA Proposed Changes

Make the heading: Cause Rdated Findingsin both section 3 and section 3.1

- Section 3.1 Finding Rdated To Probable Causes

Finding 1

CAA |ssues and Discusson

The information presented in Finding No. 1 is confusing because it states the wind
condition at the time of the accident was from 020 degrees with a magnitude of 36 knots,
gusting to 56 knots, and the values are not attributed to a specific location on the airport.
However, Table 1.7-1 indicates the wind condition at 2317 for “runway 05" was “ 360
degrees at 41 knots with a crosswind magnitude of 31 knots. The Table does not state
whether these values are for runway 05L or 05R. Further, the Table does not represent
the wind gusts that also occurred during that period and that would have had to be
factored into the flight crew’ s determination of headwind and crosswind limitations for
the “wet” runway.

The variance in these values is significant because the reduced steady-state wind
conditions are “more acceptable” and well within the SIA operating limits. However, as
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the CM-3 has stated in his interview, he was concerned the wind conditions were at
values that were dose to the SIA maximum limit when they began their takeoff.

Additionally, refer to CAA discussion addressing Section 2.5.9.1, SIA Crosswind
Limitation and Runway Condition Determination Procedure for additional information
about the wind values.

CAA Proposed Changes

The CAA proposes that the factual text in Section 1.7 be accurately reflected in Finding
No. 1. Additionally, expand as necessary to discuss whether the flightcrew attempted to
depart in crosswind conditions that exceeded both the manufacturer and SIA limitetions.

> Section 3.1 Finding 4

CAA |Issues and Discusson

Finding No. 4 is correct, but contains a very long sentence that could be re-written for
clarity.

CAA Proposed Changes

It is suggested thet following revison be made:

The flight crew had CKS Airport charts available and the CM-2 and CM-3 initidly
monitored the progress of the flight immediately after departing the parking bay.
However, as the flight approached Taxiway N1 from NP, both crewmembers diverted
their attention to other tasks and CM-1 made a continuous turn from N1 on Runway 05R.
The flight crew did not verify their taxi route in accordance with the airport chart, which
would have shown the need to make a 90 degree turn from Taxiway NP and then taxi
straight ahead for a distance of 210 meters on Taxiway N1, rather than to make a
continuous 180 degree turn onto Runway 05R. Further, none of the flight crewmembers
confirmed orally whether the runway they entered was Runway O5L. (1.18.1.1; 2.5.2.2;
254.3).

> Section 3.1  Finding 5

CAA |ssues and Discussion

The report states that “ The flight crew did not build a mental picture of the taxi route to
Runway O5L that included the need for the aircraft to pass Runway 05R before taxiing
onto Runway 05L.” However, this statement should be made in behavioral terms that
dlow interventions to be developed

CAA Proposed Changes
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The finding should be restated as “The flight crew did not review the taxi route in a
manner that was sufficient to ensure that they al understood that the route to Runway

05L, including the need for the aircraft to pass Runway 05R, before taxiing onto Runway
o5L.”

o Section 3.1  Finding 6

CAA |ssues and Discussion

The report states, that “...runway conditions subtly influenced the flight crew’ s decision
making and ability to maintain situation awareness.” The use of such human factors
terms as “dtuation awareness’ should be avoided in finding statements, since most

readers will not be familiar with the true meaning of the term.

CAA Proposed Changes

The statement should be reworded to read: “The moderate pressure to depart before the
inbound typhoon closed in around CKS Airport, and the fairly high workload of taking-
off in low visibility and dlippery runway conditions, subtly degraded the flight crew’ s
decision-making and their ability to monitor and maintain awareness of their location
aong thetaxi route.”

Section 3.1  Finding 7 [2 issues)]

Issue 1:
Ref: Lig of bulles.

CAA |ssues and Discussion

The seventh bullet is qualified by the words “if the runway edge lights were on.” Thisis
unnecessary, as the aircraft landing lights would have illuminated the surface well
enough to make the width difference apparent. The eighth bullet should be introduced by

the word “Significant.” The introductory word following the ninth bullet should be
corrected from “Pardld” to ‘Para’ Wording associated with the tenth bullet should be
supplemented to show what the PFD did show.

CAA Proposed Changes

End the wording following the seventh bullet a the coma between the words “05R” and “if”.
Start the wording after the eighth bullet with the word * Significant.” For the ninth bullet the
introductory word should be “Para’. Add to the end of the wording associated with the tenth
bullet “which showed the aircraft to the right of the assigned runway.”

I ssue 2:
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Ref: Fina two sentences of the finding.

CAA |ssues and Discussion

The last two sentences state, “ The flight crew did not comprehend the available information.
They lost situation awareness and commenced takeoff from the wrong runway.” Again, the use of
the term “ Situation awareness’ is not informative in this context.

CAA Proposed Changes

The statement should read “The flight crew did not comprehend the available information and
were therefore unaware that they were actualy on Runway 05R. Since they did not utilize the
many visual cues available to verify which runway they were actualy on, they commenced
takeoff from the wrong runway.”

= Section 3.2 Findings1& 2 [ 2 issues]

Issue 1:

CAA Issues and Discussion

Finding 1 should be moved to “ Other Finding.” According to CAA guidelines for the control of
air traffic, the primary purpose of the air traffic control system is to prevent a collision between
arcraft operating in the system. On the evening of the accident, the only aircraft operating at
CKS Airport was SQ006, and the flight crew taxi normally within ground controller’ s responsible
area. Therefore, in the professiona judgment of the air traffic controller, there was no possibility
of a collision between SQ006 and any other aircraft operation. Additionally, this finding has no
direct relation to the accident or cause of the accident. Furthermore, Finding 1 is considered an
element that has the potential to enhance aviation safety rather than considered a safety deficiency
or an unsafe condition or act. The weather related findings lead off the findings in 3.1, so for
conggtency, finding 2 could be moved to 6.

CAA Proposed Changes

Movefinding 1 to “ Other Finding” & finding 2 to have it become finding 6.

Issue 2:
CAA |ssues and Discussion

As discussed in the Factua and Analysis, the ATP-88 requires the controller to issue
progressive taxi instructions if requested by the pilot. Further, the ATP-88 makes it
optiona for the controller to issue progressive taxi instruction if a request is not received
fromapilot. Therefore Finding No.1 should reflect thisinformation.

CAA Proposed Changes
It is suggested that Finding No. 1 be revised asfollows:

The local controller provided the flightcrew of SQ006 with a precise taxi routing and was
not required to provided progressive taxi instructions unless requested by the pilot.
Although, the ATP-88 permitted the controller to exercise judgment in providing
progressive taxi instructions if he did not receive a request from the flightcrew, the
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controller did not use the required low visibility taxi phraseology to inform the flightcrew
to dow down during taxi.

> Section 3.2  Finding 4 (original number)

CAA |ssues and Discusson

The finding should be amended to increase its accuracy and to note that other carriers
have effective procedures. NOTE: This finding may need to modified if it is determined
that the CM-1 attempted the takeoff in crosswind canditions that exceed the manufacture
and SIA limitations,

CAA Proposed Changes

Revise the finding to reed:

“The SIA crosswind limitation for a “wet” runway was 30 knots and for a
“contaminated” runway was 15 knots. CM-1 assessed that the runway condition was
“wet” and determined that the crosswind was within company limitations. The lack of
equipment and procedures for quantitatively determining a “wet” versus “ contaminated”
runway creates ambiguity for flight crews when evaluating takeoff crosswind limitations.
(1.18.4; 2.5.9) By the practices adopted by some other carriers, the runway would have
been assessed as contaminated.”

- Section 3.2  Finding 5 (original number)

CAA |ssue and Discusson

Finding No. 5 may need to be revised based on the discussion in Section 1.17.3.2

CAA Proposed Changes

The CAA proposes that Finding No. 4 be revised to reflect any changes to the discussion
foundin1.17.3.2.

> Section 3.2 Finding 8 (original number)

CAA |ssue and Discusson

Finding No. 8 states “It is possible that CM-1 inadvertently reverted to the most dominant

CAA Proposed Changes

As stated previoudy in the Analysis, this conclusion is entirely speculative and not
upported, and therefore should be deleted from the findings.
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> Section 3.2 Finding 9 (original number)

CAA |ssues and Discussion

For accuracy add areference to the PFD.

CAA Proposed Changes

Reword finding to read: “SIA did not have a procedure for the pilots to use the PVD or
the PFD...”

- Section 3.2  Finding 11 (original number)

CAA |ssues and Discussion

For accuracy add areference to the PFD.

CAA Proposed Changes

Reword finding to read: “SIA procedures and training documentation did not ensure that
the gpproved B747-400 AFM supplement regarding use of the PVD and the PFD .. "

> Section 3.2 Finding 13 (original number) [2 issues]

Issue 1:
Ref:  Accuracy wording in finding.

CAA |ssues and Discussion

Reword the finding to increase its accuracy.

CAA Proposed Changes

Reword finding to read: “The deficiencies in SIA training and procedures for low
vighility taxi operations did not ensurethat . . .”

I'ssue 2:
Ref: Possble revison conseguent on review of factud recordsin Tawan.

CAA |Issues and Discusson

Finding No. 13 may need to be revised based on the discussion in Section 1.17.3.2.
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CAA Proposed Changes

The CAA proposes that Finding No. 13 be revised to reflect any changes to the
discusson found in 1.17.3.2.

» Section 3.2 Finding 14 (original number)

CAA | ssues and Discusson

There isalogic problem in that the second sentence does not necessarily follow from the
fird.

CAA Proposed Changes

If the* Therefore isreplaced by an* and’ it will be OK.

o Section 3.2 Finding 16 (original number)

CAA |ssues and Discussion

Severd adjustments are required to increase the accuracy of the finding.

CAA Proposed Changes

Revise the first sentence “ there were a number of items ...
sved items...”.

change to “there were

Revise the second sentence of the introductory paragraph to read: A standardized

environment could have contributed to the situation awareness of the SQO06 flight crew
while taxiing to Runway 05L for takeoff.

The second paragraph is too speculative for a finding and should be deleted.
Thefollowing changes are proposed for the list of bullets:

The firgt bullet item should be revised to read: The green centerline lights leading from Taxiway
NP onto Runway 05R were more visible than the Taxiway N1 centerline lights leading toward
Runway 05L because they were more densely spaced. In order to meet the most recent (1999)
ICAO recommendation, there should have been 16 centerline lights spaced 7.5m apart dong the
straight segment of Taxiway N1 where the curved Taxiway centerline markings from Taxiway
NP meet Taxiway N1 up to the Runway 05L holding position. (1.10.3.2.4; 2.3.1.2.2)

The second bullet item should be revised to read: Taxiway N1 centerline marking of CKS Airport
met the latest version of ICAO and FAA specifications. (1.10.3.1.3; 2.3.1.1)
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The fourth bullet item should be moved to “ Other Finding.” The lack of stop bar or guard light is
unrelated to flight crew’ s judgment in this event, because if flight crew should have expected the
exigence of stop bar or guard light before Runway 05L, they would not have taken off on
Runway 05R in the absence of them. On the other hand, the AIP aready indicated the lack of
stop bar and guard light and flight crew should not have expected to rely on them to identify the
correct runway.

The seventh bullet item $ould be revised to read: Although the flight crew was aware that
Runway 05R was closed, there were no runway-closed markings in the area where SQ006 entered
Runway 05R, nor would it have been practical to have put them there. (1.10.4.2)

The ninth bullet item should be revised to read: In accordance with CKS ATC procedures,
simultaneous use of the Runway 05R edge lights and the taxiway centerline lights were not
permitted, and the ATC Ground controller and the tower controller coordinate and manually
select the appropriate lights for the specific operation being conducted on the runway. However,
there was no interlocking system instaled at CKS Airport to preclude the possibility of
simultaneous operation of the runway lighting and the taxiway centerline lighting. (1.10.5.1.1;
23121)

The tenth bullet item should be revised to read: The serviceability monitoring mechanism of the
CKS arfidd lighting system was accomplished both eectronically and manualy. However, there
was alack of a continuous monitoring feature of individua lights, or percentage of unserviceable
lamps, for any circuit for CKS Airport lighting. (1.10.5.1.2)

The eeventh bullet item should be revised to read: ASDE is designed to enhance airport ground

operations in low vighbility. There is no requirement for instalation of Airport Surface Detection
Equipment ASDE) at CKS Airport. The Safety Council was not able to determine whether
ASDE would have provided information to the ATC controllers about SQO06 taxiing onto the
incorrect runway because of the attenuation of the signal from heavy precipitation that diminishes
the effectiveness of the radar presentation. (1.18.2.4; 2.4.2)

Section 3.2 Finding 18 (original number)

CAA Issues and Discussion

The finding would benfit from rewording to dign it better with the facts and andysis.

CAA Proposed Changes

There was a lack of a specified safety regulation monitoring organization and mechanism
within CAA that resulted in the absence of a mechanism to highlight conditions at CKS
Airport for taxiways and runways lighting markings, and signage that did not meet
internationally accepted safety standards and recommended practices. (1.17.9; 2.3.6)

»  Section 3.2 Finding 23

CAA |ssues and Discussion

The finding would benefit from minor rewording to increase its accurecy.
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CAA Proposed Changes

The main deck mid cabin from row 31 to 48 was nat survivable during this accident due
to fuel tank fire and explosion. Sixty-four out of 76 passengers died in this area. All
passengersin tail section survived where there was much less fire damage. (1.2)

> Section 3.2  Finding 25

CAA |ssues and Discussion

Minor word change is justified to recognize the efforts of the cabin crew in difficult
circumstances.

CAA Proposed Changes

The crewmembers did some improvising to assist with the emergency evacuation when
the Public Announcement (PA) system was found inoperative. (1.15.1.2; 2.6.1)

»  Section 3.2 Finding 31

CAA |ssues and Discussion

1. The CKS Airport have had an Emergency Medical Treatment Procedures with CAA
medical center in charge of all the emergency medica services since its opening to
svicein 1979.

2. After the withdrawal of CAA medica center from the arport in 1995, various
supporting contracts with Chan Gan Memoria Hospital in Lin Kou , Branch of
Ming Shen Hospital in Da Y uan and some other major hospitals in the neighborhood
were signed for emergency operations and also with the Ming Shen Hospital setting
up arport medicd dinic to pick up the services I€ft over.

3. With al the related medical treatment commissioned to the contracted airport clinic
and also being accepted as one of the local emergency medical network, the said
plan and procedures developed at this airport was not only well extended, but also
marked in aform of gppendix in our emergency plan.

4. In hope of mobilizing all the available sources effectively for the potential heavy
casualties, Min Shen Hospital established its own Emergency Medical Treatment
Messures for magjor massve casualties.

5. According to our Airport Civil Aircraft Accident Handling Procedures and
Regulations, once the medical team of the airport clinic gets informed on the
accident at the airport, it should act and report immediately to the accident site,
setting up interim triage in the neighborhood and beginning operations as required in
the plan. As said in the contract it should aso coordinate and help those from the
local hospitals and medical network to carry out the earliest medical treatment and
rescue.
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6. As specifiedin our Medical Treatment Procedures, the command job resides first

with the airport clinic doctor, then it will be passed over to the arriving doctor from
the Da Y uan Branch, then in sequence to the Chan Gan , and finally falls with the
Chief of the County Hedlth Bureau or his agent.

CAA Proposed Changes

Inlight of these obsarvations, it is proposed that the findings be deleted.

o Section 3.2  Finding 32

CAA |ssues and Discusson

1 In response to adverse weather conditions, we have formulated our own specific
plan against the most threatening typhoon namely the CKS Airport Typhoon
Precaution and Handling Measures, which expresses well al the duty and
equipment assgned for the individua team of the interim taskforce.

2. When the moment comes, all the nembers of the taskforce will be called upon to
stand by as required to meet the potential situations and thus help lower the risk to
the minimum effectively.

CAA Proposed Changes

Inlight of these observations, it is proposed thet the findings be deleted.

- Section 3.2 Finding 33

CAA |ssues and Discusson

1 We have collected in hand the medica rescue capacity in the neighboring
Taoyuan area and affixed it in no.4 to our civil aircraft accident handling
procedures as an important reference materid.

2. The policy taken in the early stage was to move the injured to the hospitals for
better care, then the commander center of the local medical network will take
over to monitor al the injured get best treated according to the status of each
patient and the facilities and speciadty provided of various hospitas.

CAA Proposed Changes

Inlight of these obsarvations, we propose deeting the item.
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> Section 3.2 Finding 36

CAA |ssues and Discussion

The finding should be reviewed in the light of supplementary firefighting resources in the

area.

CAA Proposed Changes

The firefighting department was undergtaffed in handling amgor
accident (1.14.1.2;1.15.3.2; 2.6.4.3). While technicdly correct, this should be

reviewed in light of the large amount of dose-by support, which isnot available
a many other arports.

)

Section 3.3 Other Findings Finding 12

CAA |Issues and Discusson

Thereisaminor departure from the ICAO gandard in expressing injuries to persons.

CAA Proposed Changes

Combine the totds for minor and none.

»  Section 3.3 Finding 18

CAA |ssues and Discussion

1 Under the effect of severe weather, the medica rescue couldn’t be
conducted as usual in accordance with CKS Airport (not CAA regulations)
procedures. In the early stages after the accident, some of the injured were
given first aid while on the way to the hospitals, for those seriously injured
we provided EMT members as escorts. As for those dightly injured, we
sent our trangport to carry them to hospitals for further care.

2. Later on we set up the interim medical center at A9 the flight operation
office. All the doctors and nurses from both the contracted hospitals and
local medical network checked in one after another and came into service

immediatdly.

CAA Proposed Changes

CAA proposes that the ASC revise the Finding to reflect CKS Airport procedures and
delete “CAA Regulations’. Furthermore the Finding should be amended in light of the
additiond informeation.
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- Section 3.3 General

CAA |ssues and Discussion

The Findings in the three different sections are very complete and provide a significant
amount of detail regarding the accident. There are severa areas where findings could be

combined without disrupting the meaning or intent, yet would serve to reduce the overall
length of the findings section. An example of this would be to combine both the flight
and cabin crew statement regarding the fact that they were both qualified in accordance
with SIA standards, etc.

CAA Proposed Changes

It is suggested that the findings be reviewed to determine those findings that could be
combined to reduce the overall number of findings without losing the intent of the ASC’ s
assertions.
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Part 5

Representations on Section 4, Safety Recommendations
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- Section 4 To CAA Recommendation 2

CAA Issues and Discusson
Suggest the ASC qudify the priority in the light of other priorities

CAA Proposed Changes

Amend the finding as follows: Place appropriate priority on budgetary processes and
expedite, if judtified, the procurement and installation of ASDE at airports with high
traffic volume.

o Section 4.1 To CAA Recommendation 7

CAA Issues and Discussion
Avidion safety would be better served by broadening the recommendation.

CAA Proposed Changes

Deletethewords“. . . for enhancing arr traffic controller’ s abilities. . .”

- Section 4.1 To CAA Recommendation 11

CAA |Issues and Discussion

The responsibility for post accident/incident testing is currently the responsibility of the
“Prosecutor” and the ASC, in accordance with the regulator Articles. Unless a change is

meade to the regulation, the CAA has no authority to require these tests.

CAA Proposed Changes

Ddete the Recommendation

o Section 4.1 ToICAO Recommendation 1

CAA | ssues and Discussion

The recommendation would benefit from further definition.

CAA Proposed Changes

Add to the end of the recommendation the words “and sSgnificant periods of adverse
wegther.”
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> Section 4.2 Safety Actions Taken ROC (CAA)

CAA Issues and Discussion
Please add to safety action taken under item 4.

CAA Proposed Changes

As of June 2001, the fire staff will conduct, during their respective shifts, three different
missons fire fighting, rescue and medica services respectively.

The Airport Emergency Medical Treatment Procedures are being redrafted with the
recently contracted Lee Shin Hospital who will take over the remaining duties. These
procedures are anticipated to be implemented by April 30, 2002.

Redefining the Emergency Radio Communication Channels as follows: CH1 for on-site
command, CH2 for medical rescue Services, CH3 for executive and logistical support,
CHS5 for emergency rescue operations, and CH6 for firefighting. This will take effect in
April 2002.

> Section 4.2 3. CKS Airport Facility | mprovement

CAA |ssues and Discussion

The following information updates the information in the ASC draft report

CAA Proposed Changes

The information is current as of March 2002 and the text, as written, could be insarted

Bullet 1 - Painting: -North Section construction was completed on November
27,2001
-Taxiway centerline marking was completed January 31,
2002, in accordance with the ICAO Standards.

Bullet 2 Airport Lighting: -Taxiway centerline lighting installation from N1 was
completed Jaruary31, 2002.

-Renew sign boards for runway 05/23 were completed
January 31, 2002; and the sign boards for 06/24 were
completed March 1, 2002.

-Installation of Runway Guard Lights for runway 05/23
was completed January 31, 2002.
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-Installation of yellow-green taxiway centerline lights in
Runway 05/23 was completed on January 31, 2002.

Bullet 3 Airport Pavement: -Taxiway S1-S2 indicating boards base adjustment was
completed July 31, 2001

-Appropriate sections of Runway 06/24 and related taxiway
resurfacing was completed July 31, 2001.

-Appropriate sections of Runway 05/23 and related taxiway
resurfacing was completed January 31, 2002.

{NEW} — completed repainting and repositioning of “ hold”
lines on N1 through N11 taxiways with pattern “A” on
January 31, 2002.

> Section 4.2 5. Improvement to Air Traffic Control System

CAA |ssues and Discussion

The CAA established new “Low Vishbility procedures, AIP A002C003/02, effective
February 1, 2002, for operations a the Taipae/CKS internationd Airport.

CAA Proposed Changes

Add new bullet: The CAA established new “Low Visbility procedures, AIP
A002C003/02, effective February 1, 2002, for operations at the Taipei/CKS international
Airport.

> Section 4.2 Safety Action Taken - New Item 6

CAA |ssues and Discussion

Add actions taken subsequent to the previous dreft.

CAA Proposed Changes

Improvements to CKS Emergency Communications
To respond to the potential emergency situations, CKS Airport has redefined the use for
radio communication channds asthus

CH1 for onrgte command operations (459.2VIHZ).

CH3 for executive and logigtical supports. (467.15MHZ2)

CHB6 for fire fighting and rescue operations. (462.75MHZ).
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