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60-150 minute flights

, +SAF

Short Haul
100-150 seats
45-120 minute flights
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Hydrogen + SAF
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B0 igs e 2020 2025 2030 2035 2040 2045
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® Fit for 55 RAEZ + RIEZFER 2021
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What will change

A

The ReFuelEU aviation regulation will oblige:

1. aircraft fuel suppliers at EU airports to
gradually increase the share of sustainable fuels
(notably synthetic fuels) that they distribute

- 2%
Minimum share of e
supply of sustainable Vo
aviation fuels (in %) L—

X5 :
LB EE T 2 TR PR LR e
SAF WyA:FE B ] - HARFE AT ¢

o REmMUILRE : BiE BRIt
far SAF Hl R i Z2 Ak 2 IR & R
1.00 SEICHIRLIHR 2K G 0 SAF BY4E
FE S FLEE SR )+ 38 e B ISR S e A
/INT SAF EE e 22 Bk R RO fE A%
FERR o

o (AMREHENRE (LCFS) : BT
REAR TN A Sl R BR BRI - A
RS AR R 2 S FE R PR L i B
BB K AEREIR . B -

o JRAEMIZZRIPRER « BB 2021 A
Fedy - HAZH 2030 45K SAF A E &
WIMEIREAE 30 M > W 2050 4F
56T MLZE IR B2 T3 3K o A i b
(] 25 {18l W IS 1% A BELRL 72 0 PRy 5 1R B
5507 0 B E W el B S
FRoR AR SAF 4 7 R BHR AT » HECR

5 ReFuelEU AviationE2025% 20502 SAF# &5
( 3&i& : AviationPros, Ground Handling, 2023 )
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U.S. Annual Sustainable Aviation Fuel (SAF) Procurements

30

26.3M

25

20°

15.82M

15

10

Annual Fuel Purchases (Millions of gallons/Year)

2016 2017 2018 2019

Source: U.S. EPA RINS Database

6 EBEISAFERESIET (2016-2023)
(3R : Source: U.S. EPA RINS Database, 2022 )
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(3% : FAA. United States Climate Action Plan, 2021)
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Reduce carbon
emissions by

Net Zero Carbon Emissions by 2050

30% by 2030
% | | AreEz ... .
IATA - | o for Transport ot tochmerier | [DAGEF"| [0 2UIRES BY ||| mrranetsn
‘su WAYPOIN e
Mo 2050 >« Council
23 bl 00% of 3 billion 10% of
jon
gallons 3 billion flights secured 10% of
SAF | fitersof fuel to of SAF :";‘ﬁ}; gallons with SAF 3.8 billion flights
Targets: | Shr Y be SAF by 2030, o of SAF by2030, | | gallonsof | | with SAF
2030 by 2050 35 billion by by 2030 70% by SAF by 2030
by 2050 2050

8 HAHM2050F BRIk P F 2 EHE
(3B : Climate Drift, SAF Solution and Framework, 2024 )
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6. 2EZZH
e AVIATION’S GREEN FLIGHT-PATH
IN FOCUS on https://eurac.tv/9501
e California Low Carbon Fuel

Standard (LCFS)
on https://ww2.arb.ca.gov/our-

regulations
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work/programs/low-carbon-fuel-

standard/lcfs-regulation

China Airlines Sustainability Flight
Leads the Way with Low Carbon
Meals and Net Zero Carbon
Emissions on https://www.china-

airlines.com/sea/id/discover/news/
press-release/20230522

CPC to import Taiwan's first
SAF for 2025 trial on https://
www.argusmedia.com/en/news-

and-insights/latest-market-

news/2580818-cpc-to-import-

taiwan-s-first-saf-for-2025-trial

Delta Airlines SAF commitment
“How Delta is fueling a more
sustainable future during Earth
Month and beyond” on https:
news.delta.com/how-delta-fueling-

more-sustainable-future-during-

earth-month-and-beyond

Electric Vehicle (EV) and Fuel
Cell Electric Vehicle (FCEV) Tax
Credit (Blender's Tax Credit) on
https://afdc.energy.gov/laws/409
E-SAF: Techno-Economics of PtL
and PtH2 Focus North America
and Europe on https://lbst.de/
wp-content/uploads/2023/12/DA_
E-SAF_Report_final _2023_12_04.
pdf

Estimating Sustainable Aviation
Fuel Feedstock Availability to
Meet Growing European Union

Demand from International
Council on Clean Transportation
on https://theicct.org/publication/

estimating-sustainable-aviation-

fuel-feedstock-availability-to-meet-

orowing-european-union-demand/

European Aviation Environmental
Report 2022 Executive Summary
and Recommendations on
https://www.easa.europa.eu/
eco/sites/default/files/2023-02/
EnvironmentalReport _EASA_

summary_1l2-online.pdf

European Green Deal: Commission
proposes transformation of EU
economy and society to meet
climate ambitions from EU ETS
on https://malta.representation.

ec.europa.eu/news/european-

oreen-deal-commission-proposes-

transformation-eu-economy-

and-society-meet-climate-
ambitions-2021-07-14_en

European Union Aviation Safety
Agency (EASA) SAF on https://
WWwWw.easa.europa.eu/en/domains/

environment/sustainable-aviation-

fuels-saf
European Union Green Deal on
https://ec.europa.eu/commission/

presscorner/api/files/document/
print/en/ip_19_6691/IP_19_6691_

EN.pdf

Fit for 55 package on https:/www.
europarl.europa.eu/RegData/

etudes/BRIE/2022/733513/EPRS_
BRI(2022) 733513_EN.pdf
How Aviation Stakeholders are

Taking Steps to Comply with
ReFuelEU Regulations from
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AviationPros on https://www.

aviationpros.com/ground-
handling/article/53080532/how-
aviation-stakeholders-are-taking-

steps-to-comply-with-refueleu-

regulations
IATA Developing Sustainable

Aviation Fuel on https://www.iata.

org/en/programs/environment/

sustainable-aviation-fuels/

ICAO Conversion Processes
on https://www.icao.int/

environmental-protection/SAF/

Pages/Conversion-processes.aspx
ICAO document “CORSIA
Sustainability Criteria for CORSIA
Eligible Fuels” on https:
wWww.icao.int/environmental-
protection/CORSIA/Documents/
CORSIA_Eligible_Fuels/ICAO%20
document%2005%20-%20
Sustainability%20Criteria%20-%20
November%202022.pdf

ICAO Sustainable Aviation Fuel
Guide on https://www.icao.

int/environmental-protection/

Documents/Sustainable%20
Aviation%20Fuels%20
Guide_100519.pdf

ICAO Sustainable Aviation
Fuel on https://www.icao.int/

environmental-protection/Pages/

SAF.aspx
ICAO’s ACT-SAF initiative

on https://www.icao.int/

environmental-protection/Pages/
ACT-SAF.aspx

ICAO’ s CORSIA on https:/www.
icao.int/environmental-protection/
CORSIA/Pages/SARPs-Annex-16-
Volume-IV.aspx

Innovation Fund: grant agreements
signed with further 16 innovative
large-scale projects from EU
Emissions Trading System (EU
ETS) https://climate.ec.europa.eu/

news-your-voice/news/innovation-

fund-grant-agreements-signed-

further-16-innovative-large-scale-
projects-2023-01-19_en
Lufthansa voluntary carbon offset

program “Carbon-neutral flying”
on https://www.lufthansa.com/

content/lh/gc/en/carbon-offsetting

News from ActionRenewables
about Sustainable Aviation Fuel
(SAF) on https://actionrenewables.

co.uk/news/sustainable-aviation-
fuel-saf/

Paris Agreement on https://unfccc.
int/sites/default/files/english_
paris_agreement.pdf

ReFuelEU Aviation initiative on
https://commission.europa.eu/
document/download/b94c33cd-
7249-4b4e-9c0d-5a0f8aed6bld_en

Renewable Energy — Recast to 2030
(RED II) on https://[joint-research-
centre.ec.europa.eu/welcome-

jec-website/reference-regulatory-

framework/renewable-energy-

recast-2030-red-ii_en

Renewable Energy Directive (RED
I1) on http://data.europa.eu/eli/
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dir/2018/2001 /0]
Sustainable Aviation Fuel

‘Facilitation Initiative’ Grant
Agreement EASA.2015.FC21 on
https://www.easa.europa.eu/

en/document-library/research-

reports/grant-agreement-
easa2015fc21-0
Sustainable transport from EU ETS

on https://transport.ec.europa.

eu/transport-themes/sustainable-

transport_en?prefLang=ro
The benefits of Sustainable
Aviation Fuel go beyond CO2 on

https://aviationacrossamerica.
org/news/2020/12/15/the-benefits-
of-sustainable-aviation-fuel-go-
beyond-co0%e2%82%82/

The Challenge Ahead: A Critical
Perspective on Meeting U.S.

Growth Targets for Sustainable
Aviation Fuel from National
Renewable Energy Laboratory
https://www.nrel.gov/docs/
fy240sti/89327.pdf

U.S. Bipartisan Infrastructure
Law on https:/www.whitehouse.
gov/wp-content/uploads/2022/05/
BUILDING-A-BETTER -
AMERICA-V2.pdf

U.S. Sustainable Aviation Fuel
Grand Challenge from DOE on
https://www.energy.gov/sites/
default/files/2022-09/beto-saf-gc-
roadmap-report-sept-2022.pdf
United Airlines' Eco-Skies

Alliance program on https:/www.

united.com/en/us/fly/company/

responsibility/eco-skies-alliance.
html
United States National Academies

of Sciences on https://www.

nationalacademies.org/topics/

environment-and-environmental-

studies

Updated analysis of the non-
Co, effects of aviation from
Eu Ets on https://climate.
ec.europa.eu/news-your-voice/

news/updated-analysis-non-
co2-effects-aviation-2020-11-24_
en?’preflLang=sk
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RCSS | RCQC | RCKH | RCYU
X !
P 10| 060/05, 12| 340720, 12| 32020, 11| 030/05, 11
o
: 09 050/05, 13| 340710, 13| 32020, 12| 040/05, 13
e 08 | 050/05, 15| 340/10, 14 320110, 14 050/05, 14
S 7~ \ 07| 240/05, 16| 320/05, 16| 32010, 15 260/05, 16
neny) 06 | 250/05, 18| 280/05, 17 | 310/05, 17 230/05, 18
P SN e | 05 | 260110, 20| 250105, 19| 280105, 19| 240105, 20
| ¥
W& " 04| 25010, 21| 25010, 21| 27010, 20 240005, 22
016 2 s,
\ ~ / 03 | 230/05, 23| 260110, 23| 260110, 22  230/05, 24
Y L e,
. nctw, o | 02|21000. 25| 260115, 24 260005, 24 21005, 25
5 EMBD
N 8 01| 080/05, 27| 250/15, 27 |270/05, 26 | 180/05, 27
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ISSUED. BY TAIPE] AERONAUTICAL MET. CENTER | s s s o m o s e e s e o

2024 7-12 H T IRITLEFET]



el

DA RIS 2 A L5 R B

()

£#

TR RIS R EE 3K - ZRET E et
EZCEEZE (APEX) Bk H e
i Fep A 15 S UK [ ' A B 5 B A S A
P e

EHT R R AT G CAA A

(#3) J APEX FOM #i & JE #fi
JfE %8 Jx %5 4N 1 & » A. Contingency
fuel: 2 gallons B. Final reserve fuel:4

gallons °

AT RRE T S st B o B AE SRR PRI R
A -

+ =5
vo=]-/=]

AT

EIRTIIRBEAEA KR M5 FAYIR

=4
Cruise Performance
 Diamond T
DA 40 NG AFM AICRAFT Performance ) TSR0 1SA |sA+1u TSATZ0 TSATI0
1111 Bowr| T Irashpwe | F | Tas fpwr tasfpwr | IT Itasfewe| T |1as
e4l | gl B e (S5 e fe) .,f.unam“ﬁmm‘“j.ml
—
92 63 104 02 |83 196 § 92 | 8.0 [197] ©2 | 6.3 [ 196 ] 02 | 6.3 | 140
2000 |75 66 123 75 |66 125 § 75 | 66 [ 126 75 | 66 [127] 75 | 66 | 128]
Take-Off Dist . Procedure - 1200 Kg / 2645 Ib 610 50|51 [112f 60 [5.1] 113 J60 |51 [11a) 60 |51 [115] 60 |51 [ 116
— — — a5 40 [ 95 a5 [20] 96 §a5 40 (o7 B a5 (4007 fa5 4068
Weight: 1200 kg | 2645 Ib Flaps: 1/0
dont ke -3 U2 83 [ 197] 02 |8.3] 138 § 62 | 8. [ 140] 02 |83 [141] 02 | 83 142]
Ve EEIAS ECNaCIMAY as00 |75 66 126} 75 [66] 127 | 75 | 66 | 128] 75 |66 [129] 75 131
Vol 70 KIAS Runway: dry, paved, level 1219 Wgp | 514|113 60 |51 114 Jeo |51 [116Q 60 [51 [117f60 |51 [ 118
Proaa! Outelds Al Temperature < FCI/ T a5 |40 | oo 0 a5 [a0] o7 Bas a0 oefas |40 08 fas 40100
Al | Distance L ran 92| 8.3 | 120f 02 8.3 141 § 02 | 6.3 | 142] 92 |63 |14 ] 89 | 6.0 | 143]
leyrm| ™ 0132 |10150 | 2016830786 ja0s 10afs0s 122 1sA so00 |75 66 | 128 75 |65 120 | 75 | 66 [ 130 75 |66 [132] 75 | 66 138
— T— 1829
o |Ground Rolll 325 | 345 | 365 | 385 | 410 | 440 | 382 = i; 'g': = :; e i; ‘;; - i; use i; 1;:
1Sm/50ft| 490 | 520 | 540 | 570 | 610 | 640 524 92 | 63 | 142] 92 183 1%?2 53 145 92 |63 1%% |
1000 |Ground Roll| 345 | 365 | 390 | 415 | 445 | 475 371 000 |75 66 |10 75 |65 131 | 75 |66 [133] 75 [66 |14 ] 75 |66 | 135
305 [15m/soft| 520 | 550 | 570 | 610 | 650 | 690 548 2438 NG | 5.1 [117 60 [6.1] 118 60 | 5.1 [119] 60 5.1 [120] 60 | 5.1 | 121
2000 |Ground Roll| 365 | 390 | 415 | 445 | 480 | 515 391 EER TN ] RN Y0 ) &‘”.}%l&“‘ ilel] EERER ]%l
610 |[16mis0ft| 550 | 580 | 610 | 650 | 700 | 740 | 576 92 |60 [Tl o2 63 146 fe2 [6 [wufoz [0 [1aofo0 [61 1],
_|. _ i 10000 |75 | 66 [132] 75 [6.6] 134 |75 | 66 [135] 75 |66 |136] 75 | 66 [ 138
3000 |Ground Roll] 390 | 415 | 445 | 485 | 520 | 560 413 3048 W60 | 51 119060 |51 120 feo |51 [121f 60 |51 |122060 | 51 123
914 [16mis0ft| 580 | 610 | 650 | 700 | 750 | 800 802 35|40 | ool a5 [40] 100 §45 |40 [1000 45 |40 [1010 45 | 40 |01
ANNN [Zeannd Balll 490 AAR Aan B9R -1 &1n A2 —
Fuel Flow
Take - Off Climb - Flaps T/O Power Setting [%) Fuel Flow [US gal / h] Fuel Flow [Liter / h)
x Power: 92% or max. 30 29 1.0
Flaps: TIO o
S 35 33 125
— 40 37 14.0
z Rate of Climb - [fymin] e a0 55
= || FED Outside Alr Temperature - [°C] / [°F] 50 4.4 16,5
£ | At |An 55 4.7 18.0
E | m || 20|40 0 10|20 |30 |50 ISA =0 ) Y
$ 4 |14 | 32 |50 [ 68 | 86 | 104 | 122 &5 56 215
sL 740 | 730 | 720 | 710 | 700 | 690 | 665 | 620 | 707 70 6.1 23.0
2000 | 610 | 720 | 710 | 700 | 690 | 680 | 670 | 630 | 585 | 691 75 66 250
4000 [1219] 700 [6s0] 680 | 670 | 660 | 635 | 580 | 540 675 80 71 7.0
g 5000 | 1820 680 | 670 | 660 | 645 | 630 | 595 | 545 657 85 76 265
& [Tsooo |2438] 660 |645 | 630 | 615 | 600 | 545 | 500 633 90 8.1 305
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EARPGFELIR E220 - Gl EA FH B ER
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FefiAH B2 % R U B Ry B EE - EI
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bR - R A BT A S TR ARG PR AT Fy
REBPRHEER » DURAE A & i iy BR
THIL T B e st RE - PR e W e = B
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U CVR Al 2 HRE R CHEE - B
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B EEMYIARAHE - BB 52 Bl
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H—f%ﬂ(ﬁé 1 & 2,000 /NEF > IDAGEEMIZZ BRI

TTHRFEURy 8,835 /NKF » H AR B BRI TRA TR 8K
i% 4,540 /INEF o HHEISES RAEEHIE 48 Bl
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RIS o FIfaRH BRI AR 2 U R T8l 3
P o 36 3E# ACARS [A]3 E M 2219 MCC [A]
et — R E - MCC 18 DUEBER% R 2 HER
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B ] F-EfERE -
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A FE R B HEA R = B 22 3 4,000 IR - [
FNEHZ AR RIET PF - BB REEIEERR
WEFET » BIA TR - BRI
BRERIE R RAR Y - B LA RImE - WA
BRIk A - BB RE AR =T - H
SRR 5 U = E] 3 5 4,000 R
BAEE TS 1 55,500 IR > HFEFEAE -
HE TR EEE - ATC FEREZE 3 EIR
ZEfg » N ER R LR R AR B ALT T EL 0 B
PERAELL T BB (N BIRTE -

AfERET b o E R 1 & 4,000
R ZgrhsrE EZE R B 2 ARA RS H
P& N 0 BEREZE AR B EDR B H AL
TAIE » MR RPTA R BN - JNECEH £ -

e =S R EGT 1 & 8,400 IR - &L
TR I N MR 3 5 2,000 IRESERN#E A1
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A T » AR EIEBE - RIBER 26 H
RH B R AT - 50 T TR 15 R R A R A5 R
IRIRINE AL R E -

IR BRBE R A - BAEYERE MR
rh ] A R DR - B SR PR P
£ 1 & 2,000 PUEF - I ERETEhFHTEDERR -
AR = — AnTHITIRE (R 2K 8,500 WA -
B ERIr b o Z2ARAH B R BN - WE
S EREITZL - Gl RAE AR L5
KT EFNZEARAR R - BRI R R R TR
H o e I R R s A A

ATC T8 H17% L1 3 B S e Pk 18 P22 71 -
EXSOIRDLE AR ERR - B BRI PR RE AT TE
fa o AEHERF e EEAE 2 B 8,000 IR o BEEE T

BHEZEG R MUTHI 13 5388 - FERRBTHR IR
FETEEBRE W IR iiR NERE - SIEAE 30
TrEETRIEE Y 131 BH -

O FHEH

T - BRI E eI RT—E
R (R IIRE I SRR ARAY - &)
PR AR B AR b WA LR B B A
W% o THRE SN R R HES
BN BESH R iR EHI s (Cabin
Pressure Controllers, CPCs) {5 F P& H |
#%¢fi (built-in test equipment, BITE ) #17Hx
W - MERBFHARE FEZARREIN S, - KIBEAERS
AHGEIEIER - HEMNLL - BXUIH DU ER
AHHERR K G HACER - HETAT -

Bl1 : BERES L5858 557K (Source: Delta TechOps. [Reproduced
from the Official Report])

'I|'ECh0DS

Delta Proprietary

VA o = N 33
2024 7-12 H T IRITZL2FHET] | .




EEM2ZBT767-300EREUEL2 0224 I PE na e 22 4

BE2: &8 B E iR 2 /KBEHEESE (Source: Reproduced from
the Official Report)

EREERE - TREEZE IR AR
JEEAERR R SA T - PRI R IR SRR FE R
CPC Hrpz — P fEs i - DUz T 3
AR - BRI S - BCRR{E CPC
IR FRAERSE B R T E By - DU
RAEH th— B IE DT - R UIRERFE IR
HEE o W CPC &R FRITERLIF
A G EREERIPERRE -

AP S R ER G R A BB E
AB#EITRE - JHRE (F25E 1) #H
ARGUK - MR TAEIEREERE SN ~ IHEE Y
B R R KRRk - PHEEHE SRR B B3

R BN EE TR o (2 YRR
RB(K =y - BAMAIR TS > HIREs s
LURAS.

HESR BRI RETF S » AN 32345 vk BH 28
IRy - HIPREIEH - N —FEEeiA - RIS AR
HEREN R AAE K - B BREURHR SRR AL E
TR TREERK R 7K BRI BLEE R - R
B/KB G —i52%E 2 - BlwmIEE R
G BRE RS AL E W BB AR - HfEOR
FEFT A —(E 2B e A IE 8 (AN 3 A
) BT

IR Ko il JBE 422 1) 2% 31T BITE AR IS -
MG Y R R A CPC {FBsZ BIRH B 1H
DL o IREGSUERIIREBIEARY - (HIRARZETTA]
wC it o

Mz foR L R A T K
ZHHEIEEIAE 2022 2 AR - B3
767-300 ZUBE BT R BB B R R B A ML T E)
BERF IR M R T B R e iR - IR & it
SEARZE TR H BEIT H B i s B - AT
BRI UM R ST REEE - 2hRETk
EFENER PR SERORIREERF R 2 8
e

T84 # CPC R A Tefa - WA
7% %y BITE RERFEZAY CPC 4 MRl f 150
TR - RIS kB - — HRlE
% PR A G - EEROTHE T
REFHI R A FH M E N E&HIR AC MOTOR
(RRUEREE) M - K HRRErTE R
—NFERE - HERFEZE - |

e

ERMEE - (ERE T M)

BE3:3EMFIE ) MNERFT]EE E1RI%E S E(Source: Delta
TechOps, reproduced from the Official Report )

—

34 VA oy N2
. 2024 7-12 H T IRITELEFET]




35k 2

BESR

EiZZB767-300ERAVAE20224F JTIA PHRE TR 2 A4

( Fault Investigation Manual, FIM ) .2 1¥¢
Hi K B B 5 1% e B RR R 3R B &
R (IRFIAE (22 e T ) [Aircraft
Maintenance Manual, AMM] Z 1) » {8EK
AL AT B AR5 R W3 6 CPC 17 BITE &
W FHARBS A - AT EE /18467

(reset) ° T EIFRTEHRRR - BIFIEEN{)
ANIEH R - H 2 FREE ZORE R BT T

Hikgdr - [EFEERE - AT —X
il BT ) %5 % 4T BITE Al BehD - T AR
oo H IR RS Z FTRENE » JRR B HEsa e
fTHmWikEE, -

BB S AEA 2013 4 11 H#AA
(767-38A0073 SRR ) - BB KIERT
AL ZE s A B e B R P e A
ZERRHARRIRERSCH » REBkE FEAiH
PO EE T EEE b o LTRSS R R
HEBR A E RO SRR - (HHEEE
TR 5 A T R B R — i 2 M EE T B
Past B o B P 7K S B AR At -

O ZRMACTE S B X1 Z 75

. BRI BB PRIk 8% - B
FEA ML - BURIRTT B MR AT
RS HE R A AH S R E) o AR TR
HIVGRE b 22 28 H B g = B 5 2 1T 7 40
g - BERBIRR IBHM N - BB S E
T o BBERELRERE 10psi i e L ZR=2
fnﬁk S R HERIEIIEZE - EEQRRR -

ARy - PRI BB Bk R B B 2
T;z’f%a*%ﬁﬁﬂ*ﬁ% B AR
PR -

2. W ZARHEAESRRE P 2R > SR e
TrE&% - GRS MR Y2

PARAHELE | -

HETT -

fE e HE R EALE 6 77
. i

o=

3. EEEESERTHEINIIING - B TR B
ELE B [ B R 1 2 A A R
BEAAUIE I B iR » Bk EEbR 8
PEINE PTRE R » B T BRICE » e
T2 2 & 8,000 W2 HRE #EE R B 5EpE
% B TR B2 M 2 R iR
ZEHE BB S E B RE SRR DR
AR RSB - Inasit EFIHR

O #HA

A B A e — RE AR L AVIREURE B
7K FEUKBHZEHESERINT - BB RR AR -

O 3JEAJEEER UL -

TEHE% B (26 46 fig B [section 46]) [ff
IR E M E - A ESERTE R
M EEZEAUEERE (section 41 ) ZFHHFFHHEB
WIS ZBRAIE#R R EEARE -

TE XML IT & BITE b g I >R
HETHFER

WRFIM 56 21 B 31 H (K EH) 5
803 T.T8 (Task 803) Fi/x @ & H &Y A
RIATRIT 5% » FEIFIFEIES - HE 7t
AT HEST BITE MR B HEE R Z BT » B
THHERBEETHRE -

LMz N TG R ERELZ A TR
Z%ﬁfzf fREE 2022 45 11 H 9 HAEI5EKATE
BE 767-300/400 BB AR FH 7K 3B SR A H
FZ PRI E » 2w R . -

VA o = N 35
2024 7-12 H T IRITZL2FHET] | .




EEM2ZBT767-300EREUEL2 0224 I PE na e 22 4

O kiR EATRIEH < SIRAR L =2

B (Honeywell ) 2 H]FE4% CPC 2L
REFHHER B2 IR R HZE 2 fd 8k - L
IR L R B Sz nTRETE (eI
18/23[REC 18/23]) -

¥ & A ZEEBRTE CA625 R
BBAH » IR RE s B HE R BEAEE) -
(REC 19/23)

HESAREZEREEFIME2l £31H
(SR E ) 25 803 T35 » & H B 1Y B R #f
RRATHIRAR - FEIFIHEEMEER) - HEAE
HuTHEIEST BITE Wi ha I R A R (B B 85 3R 2 16
BN - WEBRED AR E IS
¥ - (REC20/23)

HEEM WY MEBEB 2 E A
B AR KA R e G - (REC
21/23)

FH 2SS 22 ISR B R RE 2 A R AR -
PR LR SR A Bl -

FER AR TS TR 2023 45 H 21
HATE » 542023 4 11 A 11 HAHEEE 3%
A6 (P8 SCE R Il AN B 5 ST 338 R A [ IR 2%
) oo

#H 2 — 2% F 767-300ER A # 7 2022
2R 8BRNHE3HE4,000RAAESE
fe B g b o B B EHGRIEH HIE
B 3IRKE FHAET LM K
BaERRAR TRIHNERL
MEHLTHREZHE1E2,000R

FEAERBEAER - FHH T ARMIE
B REBRNL - AEER
HEIRAIGEFRELIMEZ X
ABEMABRKRAEL kR E
EAABRMM  AEHL 24
HEHz o R REE R REUR
WA EZR % > hALRERER -

FiEtmep

BER] 2022 F8 A 2R

FEA AW (@A) SHE (AR ER) ~
LOC (%ki%)

TRED : AH

RAEN : VMC (7T B RAA4T)

FIL ey

A K 767-300ER A
¥4 2 EME
MIERA : X FER (RF)

FIEAL B ¢ 4m 4y H % B IR Y

TARKE - HEBERAH (Barajas) %%
MIEZE AR+ &

ALIE = B AAT ¢
YL Z & TR *
AR B ¢ AT

=]

s
=]

s

BAWE  WAERILT hpl @R EE

BEL ¢ 4B ik A - RALK B ISR R AL
WWMAEFFRR : BRREFT &S TR
WEE

ABEN (HF) : 4B R B R4 (H4H:

%K) ~ KBRS

APEHEN (LOC) ' T2 LAHEREALIEH K
[

36 P
. 2024 7-12 H T IRITELEFET]




FEEMTZEBT67-300ER A2 0224 I Y nH TR A 254

ZLaEFRRE (EPR) : FATH 84
M2 AR

BRI (CS) + REARDELT

AR (AW)

HM o AR

ER GEREFT RITEEREFFR
MARE ¥ P 4R

FHER :
BEIGE: &
FMERIBE :
#%%Z%t=@

MRS + &
=Sl R
EREF

WA E BB

B
eyl MEEHF - ALE BB

AEHE -
BE: BLAE

# B : SKYbrary # 3t X & B763, en-route,
Galicia Spain, 2022

VA o = N 37
2024 7-12 H T IRITZL2FHET] | .



B763, en-route, Galicia Spain, 2022

B763, en-route, Galicia Spain, 2022

SKYbrary

Description

On 8 February 2022, a Boeing 767-
300ER (N1602) being operated by Delta Air
Lines on a scheduled international passenger
overnight flight from New York JFK to Madrid
as DAL126 was over the eastern Atlantic
Ocean when a failure of the automatic
pressurisation system required the crew to
revert to manual control. This method of
control subsequently failed when still at FL
380 and an emergency was declared and an
emergency descent to 10,000 feet initiated.
Manual control was regained at FL120 and
the emergency was then cancelled and a brief
climb to a higher level (FL280) was then
made for fuel efficiency and increased terrain
clearance without further pressurisation
problems before restarting descent into
Madrid.

Investigation

An Investigation was carried out by the
Spanish Commission for the Investigation of
Accidents and Incidents (CIAIAC). The CVR
and FDR were both removed from the aircraft
and their data successfully downloaded but it
was discovered that relevant data on the CVR

had been overwritten. Information was also

obtained from recorded ATC data and from
ACARS messaging between the aircraft and
Delta’s MCC.

The augmented flight crew was under the
command of a 52 year-old Training Captain
who had a total of approximately 12,000 hours
flying experience of which 8,835 hours had
been flown since beginning employment with
Delta including 4,540 hours on type. He was
supervising a 48 year-old Captain under
training who had a total of approximately
20,000 hours flying experience of which
12,493 hours had been flown since beginning
employment with Delta including 5,248 hours
on type. The 48 year-old First Officer who had
a total of approximately 20,000 hours flying
experience of which 2,604 hours had been
flown since beginning employment with Delta,
all on type. The three pilots had been
employed by Delta for twenty two, twenty one
and four years respectively.

What Happened

Almost three hours into the flight, when
over the Atlantic Ocean at FL370, the
automatic pressurisation system failed. At this
time, the operating flight crew were the
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Training Captain acting as PM and the First
Officer acting as PF. They reverted to manual
control of the pressurisation and notified the
operator’s MCC of the problem via ACARS.
The MCC responded that they suspected that
the system outflow valve (OFV) was affected
by a water leak but could still be moved

manually.

The flight continued normally until the
aircraft was flying over Galicia some 2 hours
40 minutes later when a warning that the
Cabin Altitude had exceeded 10,000 feet was
annunciated. Almost immediately, ATC called
routinely to instruct the flight to descend to
FL340. By this time, the PF role was being
filled by the Captain under training. The First
Officer acknowledged the instruction and the
descent was commenced as the crew began
the memory items for loss of pressurisation
by donning their oxygen masks and
establishing communication with each other.
The First Officer attempted to control cabin
altitude without satisfactory results and when
the aircraft reached FL340, the cabin altitude
was close to 15,500 feet and still rising. A
request for further descent was made and
FL300 was approved with ATC requesting if
the reason for the request was turbulence, to
which the First Officer responded that “they
were having difficulties with the cabin
pressurisation”.

In the passenger cabin, passenger and
cabin crew oxygen masks had automatically
deployed by system design when the cabin
altitude exceeded 14,000 feet and the cabin

crew had returned to their seats and donned
their own oxygen masks noting that all
passengers were seated and had put on their
masks.

The cabin altitude reached approximately
18,400 feet and as the aircraft descended
through FL320, an emergency was declared,
requesting clearance to descend to 10,000
feet. The Training Captain, who was in the
crew rest area, had seen the passenger cabin
oxygen masks drop and had returned to the
flight deck. The Captain under training told
him that an emergency had been declared
and they were descending. The First Officer
moved to a supernumerary crew seat to allow
the Training Captain to occupy the right-hand
seat and they both re-fitted their oxygen

masks.

According to the Training Captain, he
attempted to regain control of the outflow
valve (OFV) during the descent and by the
time they levelled off at FL120, he had
managed to regain manual pressurisation
control of it and the cabin altitude warning had
ceased as expected when the cabin altitude
had decreased through approximately 8,500
feet as it would be expected to. The cabin
crew were contacted and advised that both
they and the passengers appeared to be fine.
The Training Captain, at the request of the
Captain under training informed the cabin
crew that they would continue the flight to
Madrid and that he would make a PA to
explain to the passengers what had
happened.
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ATC were informed that control of the
pressurisation system had been regained and
that the emergency was over. They asked if
the aircraft was now able to climb and on
being told that it was, flight was cleared to
climb to and maintain FL280. Once there, this
level was maintained for approximately
thirteen minutes. Descent in accordance with
normal positioning for a Madrid landing then
commenced and half an hour later, the flight
landed on runway 13L.

Why It Happened

It was found that during the flight prior to
the one under investigation, the aircraft had
operated from Barcelona to New York, the
automatic pressurisation had also failed and
after flight completion, the defect had been
recorded in the aircraft Technical Log.
Maintenance personnel had performed a built-
in test equipment (BITE) test on the system
Cabin Pressure Controllers (CPCs) but found
no corresponding status message registered
and therefore confirmed that the system was
operating normally. On this evidence, the
aircraft had therefore been released to service
with no outstanding pressurisation system
defect recorded.

It was noted that the aircraft air
conditioning system supplies a constant flow
of conditioned air to the cabin and the
pressurisation system then controls the cabin
altitude by regulating the amount of air that is
exhausted through the overboard by
controlling the OFV through one of two CPCs.

ADELTA

TechOps

Delta Proprietary

Residual ice in the OFV - photo courtesy of Delta
TechOps. [Reproduced from the Official Report]

Two are provided to ensure continuity in
normal system operation through automatic
transfer between them in the event that one
malfunctions. In the event that both CPCs fail,
reversion to manual control is achieved by
direct control of the OFV by the pilot.

The aircraft was inspected by the
operator’s maintenance personnel following
its arrival in Madrid and ice was found in OFV
(see the illustration below). In greater quantity
during flight in sub zero temperatures outside
the pressurised cabin area, ice would have
initially impeded OFV automatic control and
eventually prevented even manual control,
But having descended to lower altitudes,
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The water supply pipe passing close to the OFV.

[Reproduced from the Official Report]

function would have been restored as outside
air temperature increased.

The OFV was shown to be still
serviceable and functioning normally when
not prevented from doing so by ice. The next
stage of the Investigation was to establish
how water came to be present in the OFV.
There was evidence that water had been
leaking from one of the supply lines in the
aircraft potable water distribution system
which was routed close to the OFV - see the
illustration below. The origin of the leak was
not immediately obvious but was eventually
traced to a broken plastic clamp which was
supposed to ensure a water tight link between
two sections of pipe (see the second
illustration below).

Since the pressure controller BITE test
had failed to register interrupted operation of
the pressurisation system Cabin Pressure
Controllers (CPCs), it was subjected to
functional testing but no faults were found.

Delta were asked if they had had any

similar events and they advised of another on
10 February 2022 in which another Boeing
767-300 operating a Munich-Atlanta flight had
to revert to manual pressurisation control and
subsequently had a failure of manual control
in the later stages of the cruise fairly near to
their destination and made an emergency
descent after which manual pressurisation
control was restored and the flight to Atlanta
was completed.

The CPC OEM was consulted and stated
that they would not expect the BITE to detect
a fault of the type that occurred because the
OFV would no longer be blocked once the
worst of the ice had melted. However, they
stated that they “would have expected there
to have been an indication of an AC MOTOR
fault, as the OPV valve was stuck in a
particular position and temporarily could not
be controlled”.

Delta advised that the Fault Investigation

The clamp (red) which when closed secured a pipe join.
[Photo courtesy of Delta TechOps, reproduced from the
Official Report]
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Manual (FIM) investigation procedure (also
included in the AMM) for auto pressurisation
inoperative as reported after the previous
flight only required the action taken i.e. a BITE
test of both CPCs and their reset if no fault
has been detected. The guidance provided
only required a visual inspection of the OFV if
the valve is not functioning normally when
manually operated. It was noted that the
technician who carried out the BITE test after
the aircraft’s previous flight “did not consider
the possibility of a water leak and a visual

inspection of the OFV was not carried out”

It was found that in November 2013,
Boeing had issued SB 767-38A0073 to
ensure that the potable water system clamps
in a different part of the aircraft to where the
OFV was situated would not leak water onto
the electronic equipment in the main
equipment centre. This SB required the blue
plastic clamps to be replaced by purple metal
clamps but did not cover other locations
where the potable water distribution system
passed close to other electro-mechanical
equipment such as the OFV.

Key Conclusions supported
by FDR data

1. The data showed that after the failure of
automatic pressure control, the cabin
pressure varied which indicated active
manual control of the OFV by the pilots
and confirmed that the OFV was
responding to the movements
commanded. 772 minutes prior to the

appearance of the Cabin Altitude Warning
over Galicia, the cabin pressure had
begun to decrease and when the warning
occurred, it had reached 10 psi. It was
concluded that this was when the OFV
was finally blocked by ice leading to
depressurisation. It is believed that the
water froze in either the control arm or the
OFV actuator linkage - either would have
prevented the motors from closing the
OFV.

. The applicable SOP required that the

actions required to commence the
emergency descent following the Cabin
Altitude Warning should have been
performed “without delay” but were not
taken until six minutes later.

. The decision to climb to FL280 for fuel

efficiency reasons once it had been
decided to complete the flight as planned
was considered to have been
questionable given the crew’s awareness
that automatic pressurisation control had
failed in similar circumstances on two
consecutive flights and that a further
failure of manual control could not be
ruled out. It was considered that as the
crew had all recently undergone routine
refresher training on the pressurisation
system, there was a case for reinforcing
crew training related to cabin pressure
loss and including the lessons learned
from the investigated event. —s—
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Cause

The Investigation concluded that the
pressurisation system failure was caused by
water leaking from a tube with a broken clamp
which, when it froze, blocked the outflow

valve doors.

Three Probable Contributory Factors were
identified:

* The use of plastic tube clamps in the
vicinity of the OFV (section 46), the
deterioration of which had previously
caused leaks in other incidents in the
avionics compartment (section 41), where
they had since been replaced by metal
clamps.

* The absence of a fault in the BITE ground
test performed prior to the flight.

* The fact that there is no requirement to
perform a visual inspection of the OFV
during Task 803 of 21-31 of the FIM when
the automatic pressurisation system
becomes inoperative in flight, the manual
operation is normal, and the BITE does
not detect a fault on the ground.

Safety Action taken by Delta Air Lines as
a result of the findings of the Investigation
was noted to have included replacement of all
plastic clamps in the potable water distribution
system with metal ones on all of its B767-
300/400 aircraft with this action complete by 9
November 2022.

Five Safety Recommendations were
made as a result of the Findings of the

Investigation as follows:

+ that Honeywell assess the possibility that
the CPC may not register a blockage of
the OFV by an external element and the
implications that this may entail. [REC
18/23]

+ that Boeing considers replacing the
CA625 series plastic clamps, whose
rupture may affect the OFV. [REC 19/23]

+ that Boeing considers incorporating
additional measures in Task 803 of 21-31
of the FIM when the automatic
pressurisation system becomes
inoperative in flight, the manual operation
is functioning correctly and the BITE test
does not return a fault on the ground, in
order to detect a possible OFV blockage.
[REC 20/23]

» that Delta Air Lines passes on the lessons
learned from this Investigation to all
personnel involved in maintenance. [REC
21/23]

+ that Delta Air Lines reinforces its crew
training on cabin pressure loss and
includes the lessons learned from this
event in that training. [REC 22/23]

The Final Report of the Investigation was
approved on 31 May 2023 but was not
released online (simultaneously in both the
definitive Spanish version and in English
translation) until 11 November 2023.
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