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GLOSSARY

AIB Ghana - Aircraft Accident and Incident Investigation and Prevention Bureau, Ghana
SAA - South African Airways

SACAA - South African Civil Aviation Authority

AIlID - Accident and Incident Investigation Division of SAACA
EWS - Electronic Water Sensor

JIG - Joint Inspection group

LAT - Latitude

FAOR - R. Oliver Tambo International Airport Johannesburg
KIA - Kotoka International Airport Accra

Ipm - Liters per minute

CB - Circuit Breaker

E&E - Electrical and Electronic

km - Kilometers

MEL - Minimum Equipment List

ppm - Parts Per Million

AMM - Aircraft Maintenance Manual

APU - Auxiliary Power Unit

MCC - Maintenance Control Center

OcCC - Operational Control Center

FCMC - Fuel Control and Management Computer

FL - Flight Level

MBC - Microbiological Contamination

ECAM - Electronic Centralized Aircraft Monitor

FDC - Flight Deck Crew

Z - Zulu time or Universal Time Coordinated (UTC)
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AIRCRAFT ACCIDENT AND INCIDENT INVESTIGATION AND PREVENTION BUREAU

AIRCRAFT INCIDENT REPORT NO: 002

Registered Owner and Operator: South African Airways

Aircraft Type: A330-300

Nationality: South Africa

Registration: ZS - SXM

Location of Incident: Kotoka International Airport / En-route
Date: 14 — 15 April 2022

INTRODUCTION

Ghana’s Aircraft Accident and Incident Investigation and Prevention Bureau (AIB Ghana) was
initially notified by the Accident and Incident Investigation Division (AlID) of the South African
Civil Aviation Authority (SACAA) on 25 April, 2022 of a serious incident involving SAA Airbus
A330-300 registration ZS-SXM on 15 April 2022. (Appendix 1)

In exercise of his powers, the Commissioner of the AIB Ghana initiated an investigation into the
incident to be carried out in accordance with the provisions of Aircraft Accident and Incident
Investigation and Prevention Bureau Act, 2020 (Act 1028).

The Accident and Incident Investigation Division (AlID) of the South African Civil Aviation
Authority (SACAA) assisted AIB Ghana in the investigation.

This report is based on the information collected on the reported contamination, interviews and other
relevant information which has then been analysed by the investigators to arrive at the conclusions
and safety recommendations made as appropriate. The recommendations are aimed at reducing or
eliminating the probability of a repetition of the same type of occurrence, and in general, to increase

the overall safety of aviation.
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SYNOPSIS

During the refueling of SAA flight SA053 (A330-300 registration, ZS-SXM) in Accra
(DGAA) on 14 April 2022, utilizing a PUMA Energy refueling truck (RVO01), several

automatic interruptions of the process were encountered.

As a final check during troubleshooting to ascertain the cause of the automatic
interruptions, sump drain of the aircraft wing fuel tanks was carried out to check for the
presence of water. Water was reported to be present in the tanks by the SAA engineer.
The water was reported to have been drained and refueling was continued and completed
from a fuel hydrant on the same Bay (D1) using a PUMA Energy hydrant dispenser
vehicle (HDO1).

All water tests carried out on the fuel from the refueling truck (RV01) as well as the
hydrant dispenser (HDO1) during the refueling process indicated the absence of water in
the fuel being supplied. The protracted fueling process resulted in the delay of flight
SA053, which departed DGAA on 15 April 2022 at 1508 UTC as flight SA9053.

At about 2000 UTC whilst in cruise at FL410 (approximately 5hrs after departure), the
Flight Deck Crew (FDC) received an ECAM message indicating a Right-Wing Fuel
Pumps Low Pressure which led to a descent to FL190 to enable gravity fuel feed as per

the appropriate published procedure.

At 2018 UTC the FDC received an ECAM message indicating Engine #2 stall. The FDC
reduced thrust on Engine #2 as per ECAM actions. Since there was no exceedance of
engine parameters, the engine was not shutdown. The FDC increased thrust on Engine #2
twice after the initial Engine #2 stall ECAM message, and on both occasions the FDC

received further ECAM messages indicating Engine #2 stall.

The flight continued to Johannesburg (FAOR) with manual thrust control and landed

safely without further incidence.
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The investigation identified the following causes/contributory factors to the fuel

interruptions:

On Ground Incident

Puma Energy was not the regular fuel supply contractor of SAA. Crew were
briefed before the flight on the need to use an alternate fuel company. This
could have influenced the crew’s judgement by creating doubts about the
quality of fuel delivered by the refueller RVO1 during refuelling challenges.
Repeated auto interruptions, multiple aircraft fuel system resets and
satisfactory water checks performed on the fuel from the truck, created
uncertainty as to the cause of the interruptions for the SAA FDC, Engineer
and the Refuellers.

The Engineer had not experienced such a multitude of fuel auto interruptions
previously.

The resultant delay in fueling and its effect on not meeting an on-time
departure put undue pressure on the Engineer, FDC and the Refuelling crew.
The initial water drained from the aircraft’s fuel tanks led to a fixation on a
possible water contamination from refueller RVO1 even though the water
checks indicated otherwise.

The continuation of fuel drainage beyond the point at which the presence of

fuel phase in the sample was observed.

In-flight Incident

There may have been icing in the right tank pump output pressure sense lines.

The main fuel pump low-pressure warnings may have been erroneously
generated by the possible freezing of fuel pressure switches. The result would
be that normally operating fuel pumps would be switched off as per the
displayed Electronic Centralized Aircraft Monitor (ECAM) procedure.

Engine no. 2 failed to respond appropriately at FL190 during fuel gravity feed
procedure on the event flight.
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Eight safety recommendations have been made.
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1.0 FACTUAL INFORMATION

History of Flight

1.1.1 Fueling in Accra

South African Airways flight SA052 arrived in Accra (DGAA) on 14 April 2022 with
9,040kg of fuel on board (Attachment 5 of Appendix 5). The aircraft parked on Bay
(D1) at 2114 UTC. A PUMA Energy Refueling truck (RV01) was used for refueling
because the parking position of the aircraft did not allow access to the hydrant on the

bay.

Fueling started at 2211 UTC but after pumping about 600 litres, fueling stopped
abruptly. The fuel shift supervisor after troubleshooting was satisfied that there was
no problem with the fueling truck. The Refueling truck (RV01) was fitted with an
Electronic Water Sensor (EWS) System. According to the refuellers, the EWS
warning light which was constantly monitored by them did not flash to indicate the
presence of free water in the fuel supplied.

It was reported that an ECAM message “AFT TRANSFER FAULT” had been
triggered and fuel quantity indications in the cockpit showed amber X (indicating a
system inability to compute the fuel quantity). A water detector capsule test was
conducted on a sample of fuel from the refueling truck and the result was negative
(Appendix 8).

The FDC in consultation with the Engineer reset both FCMCs. Refueling started once
again around 2225 UTC but after pumping an additional 1,300 litres, all fuel quantities
went amber X and refueling stopped. A second reset of both FCMCs followed with
the same result after pumping an additional 500 litres. Two further resets now by CBs
in the E&E compartment were carried out. After each reset, refueling was resumed
but stopped abruptly.

13
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The aircraft was then down powered for 5 min, refueling was resumed with the same
resultant effect. In consultation with South African Airways OCC and MCC, the
aircraft was down powered a second time for 10 min. At this time, the total volume of

fuel that had been pumped into the aircraft was about 6400 litres.

A new shift of refuellers took over the fueling activity at 2300 UTC and the engineer
requested for another water detector capsule test to be performed on a fuel sample
from the Refueller RVOL1. The result of the water test was again negative. The FDC
and engineer after consulting the AMM and MEL, ran FCMC diagnostic tests to
establish the cause(s) of the fault. Thereafter, the engineer checked the fuel quantity
probes for capacitance and as part of the troubleshooting procedure drained fuel from
the aircraft fuel tanks to check for the presence of water using the Airbus 330 water
drain purge tool with P/N 98A28104000000 (Last page of Appendix 3).

He reported that the first few samples drained was predominantly water followed by
a mixture of fuel and water. He determined the presence of water by sight, smell and
viscosity based on his experience. The samples drained were transferred into a 20L
container (Appendix 4) which was filled to different levels, the contents disposed of
and returned to be refilled. Every time the water drain purge tool was used, the
engineer checked for the presence of water and disposed of its contents into the 20L
container until he believed that there was no more water in the respective fuel tank of

the aircraft. He then reset the fuel panel and fueling was resumed at about 0005 UTC.

However, after pumping an additional 2600 litres, refueling was once again
interrupted automatically. Fuel was drained from the aircraft’s fuel tanks as before and
refueling resumed. After pumping an additional 2700 litres, refueling was once again
interrupted automatically. A water detector capsule test was once again conducted on

a sample from the refueller and the result was once again negative.

A KLM ground technician who was invited to assist with troubleshooting also
conducted a water detector capsule test on the sample from the refueller but the result
was still negative. The KLM engineer then suggested the issue could be due to low
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pressure from the refueller and proposed using a different truck for the fueling.

(Appendix 6, page 1)

The Captain then took a decision to continue refueling from the hydrant. The aircraft
was therefore repositioned on the same bay (D1) to allow access to the hydrant. A
PUMA Energy Hydrant dispenser (HDO1) also fitted with an Electronic Water Sensor
(EWS) System was connected to the aircraft. A water detector capsule test was

conducted on fuel from the hydrant dispenser and the result was again negative.

Without further drainage from the aircraft fuel tanks after the last interruption,
refueling resumed at 0158 UTC. After pumping about 2000 litres the aircraft’s APU
automatically shut down causing refueling to stop due to the power interruption. There
was one unsuccessful APU start attempt by the FDC. A ground power unit was then
connected to the aircraft. The engineer drained some more fuel from the aircraft’s fuel
tanks as before to check for the presence of water and the result was negative. The
fueling panel was reset again and fueling resumed at about 0225 UTC. Fueling
continued successfully and was completed at 0300 UTC with a total volume of 31,587

litres pumped from HDOL1.

At the end of the refueling, the engineer drained some more fuel to confirm the absence
of any residual water. The total amount of fuel uplifted for flight SA053 was 43,255
litres (11,668 litres from the fuel truck RVO01 and 31,587 litres from the hydrant
dispenser HDO1).

The Engineer conducted the entire refueling process using the normal automatic

fueling procedure.

Throughout the refueling process, the blue EWS light on the refueling trucks was
constantly monitored by the refuellers. At no time (during refueling using RVO01 or
HDO01) did the EWS warning light fitted on the trucks flash to indicate the presence of
free water in the fuel supplied.
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KIA CCTV footage of the activities on the Bay D1 on the night of 14/15 April, 2022,
showed the 20L container being carried eleven (11) times from the right wing and
three (3) times from the left wing of the aircraft and its contents disposed of, into an

open drain near the perimeter wall west of Bay D1.

1.1.2 Flight SA9053, ACC- JNB

Flight SA9053 (delayed flight SA053) departed Accra (DGAA) to FAOR at 1508Z on
the 15 April 2022. The FDC reported that at about 2000Z while cruising at FL410,
they had an ECAM message titled “Fuel R Wing Pumps LO PR” (fuel right wing
pumps low pressure). The FDC reported that “they followed ECAM actions and
descended to FL190 for the Gravity feed procedure”.

The FDC further reported that, “at 20182 ECAM message ENGINE 2 STALL
appeared. ECAM actions were applied and thrust was reduced. The engine was not
shut down. At the lower altitude with warmer temperatures in the fuel tanks, the
condition remained the same. Every time the thrust on Engine #2 was increased, there
was an ECAM Stall Indication.” Rolls Royce Post Flight Analysis indicates that, “the
FDC increased thrust on Engine #2 twice after the initial Engine #2 stall ECAM
message, and on both occasions the FDC received further ECAM messages indicating
Engine #2 stall.” The FDC managed thrust manually for the remaining duration of the
flight and landed safely at FAOR. After landing, the “Fuel R Wing Pumps LO PR”

fault light remained illuminated. The aircraft taxied to the parking bay.

No passengers or crew were injured, and the aircraft was not damaged.

1.1.3 Sources of Information:

¢ Notification of the occurrence from AlID South Africa on 25 April 2022.

e PUMA Energy Airport Refueling Investigation Report dated 15 April 2022 and received on 26 May
2022.

e SAA Incident Investigation Report dated 27 May 2022.

o KIA CCTV footage for 14/ 15 April 2022.
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e Interviews with PUMA Energy staff.

e Interviews with GACL staff.

e Interview with SAA engineer.

e Site inspection of PUMA Energy Facilities.
e Inspection of PUMA Energy records.

e Inspection of fuel disposal site.

1.2 Injuries

Not Applicable

1.3  Damage to Aircraft

No Damage

1.4 Other Damages

Nil

15 Personnel Information

SAA Engineer:
e Work Experience — 7(1/2) years
e Experience on Aircraft Type (A330) — 5 years
e License expiry date — 22/01/2024

PUMA Energy Shift Supervisor 1:

e Work Experience — 4 years

PUMA Energy Shift Supervisor 2:

e Work Experience — 8 years
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1.6 Aircraft Information
1.6.1  Aircraft

Type: A330 - 300
Serial No.: 1792
Manufacturer: Airbus

Year of Manufacture: 2017
Registration Markings: ZS-SXM

1.6.2 Engine

Type: Trent 700
Manufacturer: Rolls Royce PLC
Engine Serial Number: Not Applicable
Engine Time Since New: Not Applicable
Fuel: Jet Al

1.7  Meteorological Information

e Visibility: 10 km
e Temperature: 28°C
e Relative Humidity: 84%

1.8 Aids to Navigation

Not Applicable

1.9 Communication

Not Applicable.

1.10 Aerodrome Information

Name: Kotoka International Airport
Location Indicator (ICAO): DGAA
18
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1.11  Flight Recorders

Not Applicable

1.12 Wreckage and Impact Information

Not Applicable

1.13 Medical and Pathological Information

Not Applicable.

1.14 Fire

Not Applicable

1.15 Survival Aspects

Not Applicable

1.16 Test and Research
Nil

1.17 Organisational and Management Information

Not Applicable

1.18 Additional Information

19
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1.18.1 Post Flight Maintenance Findings and Analysis by SAA

Maintenance

Below are the post flight findings of the inspections, tasks and investigative

analysis carried out by SAA Maintenance on the subject aircraft:

1.

Samples taken from the fuel tanks revealed heavy microbiological
contamination (MBC).

Fuel filters removed contained MBC.

Internal visual inspection of the aircraft fuel tanks after draining showed
signs of a brown sedimentary deposit. Samples collected and analysed
revealed that it was MBC. Despite the presence of the confirmed MBC,
there was no evidence of any foreign material found to have clogged the
fuel pumps.

Borescope inspection of the number 2 engine revealed no damage nor
foreign objects.

Maintenance records reflect there was a weekly check carried out three
days prior, three fuelings and three flight legs before the fuel contamination
incident. During the weekly check as per maintenance requirements a fuel
sump drain was carried out and no anomaly was evident.

On arrival in Johannesburg the tanks were sumped a few times and SAA
reported that no water was found. (Appendix 17)

SAA reported having drained 4 to 5 litres of water from the aircraft fuel

tanks two days after the event flight.
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1.18.2 Rolls-Royce Plc Engine Review

Time (UTC) Data from PFR/QAR/Pilot Report Description
15:20 Flight departed from Accra
20:00 [FUEL AFT XFR FAULT] Aircraft fuel system advisory
Flight timeline 20:00 [FUEL MAIN PUMP 2 (122QA2)] Main fuel pump system malfunction
with aircraft right fuel pump 2
Fakan Fom: 20:00 [FUEL R WING PUMPS LO PR] All f\_Jel pump systems malfunctioning
on right wing
- Pilot report 20:03 Aircraft began descending in order to utilise
- Post Flight Report (PFR) gravity feed
RO axceedanca reports 20:14 Aircraft levelled off at FL200
20:17 [FUEL PUMP (E2-5050EB) / FUEL LP SW (E2- Low fuel pressure indication on
- QAR data 4075KS)1 Engine 2
20:18 [ENG 2 STALL] and RO6 Exceedance report: Engine 2 stall/surge message
REASON, SURGE
20:19 Throttle angle reduced from 47deg to 23deg
20:22 Throttle angle increased to 47deg
20:22 RO6 Exceedance report: REASON, SURGE Engine 2 stall/surge message
oy ioReke ,@ﬂ?li l’igng are 20:22 Throttle angle reduced to 29deg
Mj};‘:;’f‘;ﬁf{'::“ 20:24 ROB Exceedance report: REASON, SURGE Engine 2 stall/surge message
ewent ivesbgation snd & must not be used 20:25 Throttle angle reduced to 23deg
for ary othar purpase other than for which it

& suppled 20:34 Aircraft began final descent
20:49 Aircraft landed at Johannesburg
2 v 3 ks Royee pie. 24 ubject 2o

3 These ev ents will be the main
focus of this presentation
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engine thrust.
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Approximately 3 minutes after levelling off at FL200, EPR Actual starts to deviate from EPR Command. This
continues until the throttle is reduced from 47° to 23°, The first ECAM Stall warning occurred within this

period.
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Approximately 4 minutes after the first Stall Warning, the throttle is advanced back to 47° and EPR Actual
again starts to deviate from EPR Command. This continues until the throttle is reduced to 29° but deviation
can again be seen to occur approximately 2 minutes later. These deviations coincide with ECAM Stall
Warnings 2 and 3. The throttle is then retarded to 23° and EPRA can be seen to match EPRC once again.

TRA (degrees)
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o = T 26-5XM/2 ESN 42810 Surge Messages with Contaminated fuel

Fuel Flow (Pounds per Hour)
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g Pvale|© s e i 2003 Mot Sbecto FMVPOS and FFLB should be similar, as the Fuel Flow should be (see slides 84
Erpert Cortrd proportional to the position of the Fuel Metering Valve. 9 for details)
FpOsL S=RAVEOS 75-SXM/2 ESN 42810 Surge with C Inated Fuel
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At the same time that EPR Actual starts to deviate from EPR Command, thee Fuel Flow becomes erratic and
stops following the trend of FMVPOS. FMVPOS can be seen increasing as the engine tries to get more fuel
to achieve EPRC. Similarly to EPR, this continues until’the throttle is redu ced from 47° to 23°. The first ECAM
Stall warning occurred within this period.

Prbeatie | € Rolts-Rinpow b, 225 | Not Subjedt 1o
Brpoct Control
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FMVPOS & FFLB -
2nd & 3 Stall
Warnings

FMVPOS - Fuel Metering
Valve Position

FFLB - Fuel Flow (pounds /
hour)
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P30/ EGT / FFLB

A Stall/Surge would be
indicated by a rise in EGT with
a drop in P30 & fuel flow

The data from this event does
not follow this trend.

The information in this document ts
proprietary to Rolis-Royce and 2 rights are
reserved. The information contained in this
document was provided in support of an
event investigation and it must not be used
for any other purpose other than for which it
is supplied,

Private | @ Rols-Rayce pic, 2023 | Not Subject to
Export Control

FMVPOS1 ~——FMVPOS2 25-SXM/2 ESN 42810 Surge Messages with Contaminated Fuel
FFLB1 ~—FFLB2 15 April 2022 - QAR Data
---Engine Stall Message =~ - Main Pump Messages
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FFLB2 erratic (dark blue line) and
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The trends shown on slide 8 are repeated for the second and third Stall VWarnings, where Fuel Flow
becomes erratic and deviates from the trend of FMVPOS until the throttie is retarded.

— 612 P32 e FFLB2

0

EGT / P30

00 \
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25300 25320 25330

600
FFLB

1<t Stall Warning
ECAM
Stall 1
EGT

P30 v

25360 25370

Review of the engine data for the first Stall Warning could not confirm if the engine stalled or if the
Surge/Stall Detection Logic was triggered erroneously due to the highly dynamic and abnormal fuel flow
experienced during the event (see slide 12 for details of the Surge/Stall D etection Logic).

Note: time stamp is different to charts of EPR & Fuel Flow

Fuel Flow (Pounds per Hour)
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IR R = 204 & 31 Stall Warnings
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proprietary to 4 o5 20
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document was pr
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b M,C",,ZL,” e IR Review of the engine data for the second and third Stall Warnings could also not confirm the presence of
surge/stall.
Rayoe plc, 2003 | Nt Sebject to Note: time stamp is different to charts of EPR & Fuel Flow v

Surge detection logic

+ The surge detection logic is a P30dot Vs. P30/P20 threshold on the
Trent 700

*« There is a bias applied on P30 and P30dot which is factored by the rate
of change of fuel flow. This is to take transient manoeuvres into
account and shift the above threshold in a way that there is more
detection margin during a fuel flow reduction than during a fuel flow
increase

+ Based on how the biases are set it needs less change of P30 to trigger
when rate of change of fuel flow is positive high

ECAM Stall/Surge
Warnings

* Whole Engine System analysis concluded sudden change in fuel flow
such as that observed in the event flight, could cause compressor
surge, but this can not be confirmed.

used

for any other purpose other than for which it
s supplied

Privaie | © Rolls-Royee pic, 2023 | Not Subject to

Gport Control
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Engine LP Fuel System

+ Fuelis fed from the aircraft to the engine Low Pressure (LP) fuel pump.
+  From here it passes through the Fuel Oil Heat Exchanger (FOHE) before

Engine LP Fuel reaching the LP fuel filter.
System * The LP fuel filter has a sgring loaded b)&pass valve to enable continuous fuel
flow if the filter were to become blocked.

* A pressure sensor reads the pressure across the LP filter and triggers a
cockpit and Post Flight Report (PFR) message to indicate an impending
bypass (this is in advance of the filter going’into bnaass in order to provide
maintenance crew the opportunity to replace the filter prior to bypass).

» There is a Low Fuel Pressure Sensor downstream of the LP filter prior to the
High Pressure fuel pump.

Delta Pressure
SWieh Low Fuel
Oilout  Oilin & Pressure Switch

Fuel from
Aircraft :>

urpose other than for which it

L= e \ HP Pump

Royte pic, 7073 | Not Subject 1o Spring Loaded LP Fuel Filter
Bypass Valve

Summary

» All engine parameters were within expectations until shortly after gravity
feed was initiated.

«  From this point, engine #2 was trying to achieve thrust but was unable to at
Summary and higher throttle angles (EPR Actual could not achieve EPR Command).

Conclusion * The Fuel Metering Valve can be seen opening in order to try and achieve
the commanded EPR, but fuel flow did not match.

» Fuel Flow was erratic at the point of surge warning, spiking between
~1500lbs/hr and ~8000lbs/hr during the first surge warning.

+ Itis not clear if the engine actually surged, or if the surge detection logic
was triggered due to the abnormal conditions.

» No evidence of LP fuel filter blockage - there was no impending filter
bypasEs message in the PFR and no filter bypass was reported by the
operator.

Conclusion
+ Engine was unable to provide required thrust due to fuel starvation.

support of an
must not be used

Pavate | © Rolls-Royoe plc, 2023 Not Subject to !
Export Controi
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1.18.3 Airbus Post Flight Report (PFR) Analysis

PFR ANALYSIS

Airbus Amber

15 April 2022 - QAR Data

» 19:33 - Fuel Right Inner Collector Cell Temp Sensor Fault

» 20:00 — Fuel Aft XFR Fault

» 20:00 - Fuel Main Pump 2LO PR

» 20:00 - Right Wing Pumps LO PR
» 20:17 - Low pressure on Engine 2

» 20:18 - Engine Stall

» 20:22 & 20:24 - Further Engine Stalls

waos

° After the low pressure detected on Fuel Main Pump 2 and then on the 3 pumps, the gravity feed procedure was applied
following the applicable FCOM Abnormal Procedure. A/C descent was initiated from FL410 to FL200.

* First Eng Stall message triggered shortly after reaching FL200 and starting the gravity feed.

AIRBUS

Airbus Amber

Titke: Flight Details
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FLIGHT PROFILE

\
\7 About 5h between T/O and airborne events k.t

AIRBUS

1.18.4 Fuel Contamination
Major contaminants of aviation fuel include solid particles (dirt), water and

microbiological growth.

Solid contaminant

Solid contaminants include particulate matter from 1 gm dust to coarse grains
and flakes; rust, sand, paint flakes and wear debris. The sources are mainly from
catalysts from manufacturing processes, loss of material from the surface of tanks
and pipelines, detergent action of additives on surfaces, engineering work in the
distribution system, and ingress through an open inspection hatch. The effects
(dependent on material type) include filter blockage, fuel degradation and engine

wear.

Water
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The hygroscopic nature of jet fuel refers to its ability to attract moisture from the
air and surroundings. Water can be present in fuel in three forms: dissolved,
suspended and/ free water. Several different sources contribute to the presence

of water in aviation fuel.

Dissolved water

Dissolved water is invisible to the naked eye, and is considered a constituent of jet
fuel that vaporises during combustion. Up to 100 ppm of water is soluble at 40 °C.
Water becomes "undissolved” from fuel as the mixture is cooled at about 2 ppm
per 1 °c. Fuel loaded at 10 °c and an aircraft flying at altitude with fuel at -40 °c
will precipitate about 10 litres for every 100,000 litres of fuel. Dissolved water can

only be detected by chemical water detectors such as "Shell water detector".

Suspended water
Suspended water appears as large droplets which are visible however, small
droplets have dull, hazy, or cloudy appearance that takes time to coalesce or settle

down in the fuel.

Free water

Water is sparingly miscible with hydrocarbon fuel and since water is denser than
fuel, any free water within the fuel forms a lower layer separated from the jet fuel
upper layer. Given sufficient time, suspended free water will settle under gravity.
Surfactants reduce ability to settle by reducing water droplet size. Up to 30 ppm
of dissolved water can be permitted at delivery into plane by IATA. The two
methods of chemical detection that are commonly used are VVelcon Hydrokit and
Shell Water detector, which detects down to about 10 ppm.

Water in aircraft fuel tanks
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Aircraft tanks will probably contain free water, from the fuel previously loaded,
this may be in the form of ice crystals or lumps of ice. Fuel will release dissolved
water in flight because of the following:

e Cooling effect of high-altitude low temperature flight; and

e Some dissolved water settles during climb-out & flight but vents also

ingest air and thus water vapour.

Aircrafts are designed to cope with some water & ice, but extent to which they
can do so varies a lot with aircraft size - bigger aircraft fly longer and create more
water & ice but have more sophisticated 'management’ systems. Water in fine
suspension can form ice crystals and block filters.

Microbiological growths

Microbiological contamination of fuels can cause operational problems, such
as corrosion of metallic structures, fuel quantity indication problems, and
blocking of the scavenge systems and fuel filters during flight. There are a
number of signs that will indicate that fuel tanks are contaminated such as
evidence of contamination of fuel filters, discoloration of sump sample,
blocking of fuel injectors, erratic/inaccurate fuel level readings. For example,
erratic behavior of the fuel quantity gauging system can be a sign of
microbiological contamination, as most gauging systems are capacitance based
and the micro-organisms have a different capacitance than fuel.

A number of different types and species of microorganisms can cause
microbiological contamination of fuel. There are three basic categories:
bacteria, moulds, and fungus. All these organisms are present in the
environment and therefore can easily access the whole fuel supply chain.

Micro-organisms grow at the fuel/water interface and on internal tank surfaces.
Turbulence in the fuel tank will cause the micro-organisms to become
suspended and results in contamination of the fuel phase. Water is always
present in the fuel tank and can be introduced in the following ways:

I. Changes in relative humidity.

ii. Changes in temperature which causes dissolved water to become free

water.
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iii. Failure of the fuel handling procedures. As water collects inside the fuel
tank, the possible risk of microbiological growth can increase
exponentially. This is why routine water removal (e.g., sumping) is a
key factor in the control of microbiological growth. Most modern
aircraft are fitted with water scavenging systems to remove water from
the aircraft fuel tanks continuously; when these systems fail to operate

correctly, then a build-up of water will occur.

Micro-organisms tend to grow at the fuel/water interface in the fuel tanks.
However, growth can also take place in other areas such as on the vertical
surfaces of the fuel tank and on the convex shapes such as tubes and areas where
water condensate forms. If the tanks are wet with fuel, the contamination can
appear as a smooth, slimy, transparent to dark coloured gel. When the tanks are
dry, the contamination usually appears as a dark solid material on the tank
surfaces but can also be present in a variety of colours. Microbiological
contamination can cause the tank protective primer coating to appear stained.
Microbiological growth may sometimes be associated with a foul, unpleasant
odour.

Factors Affecting Growth

Fuel systems are an ideal environment for micro-organisms. Bacteria yeast and
fungi need three things to live, food (provided by the fuels hydrocarbons), water
(microbes live in water), and a warm environment. All of which are present in
aviation fuel systems. The picture below illustrates the relation between these

factors and the micro-organisms.
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i. Water
Since water is essential for microbiological growth, accumulation of water in the

tank stimulates microbiological contamination.

ii. Temperature
The optimum temperature for most microbiological growth is 20 to 35°C. Higher
temperatures, however, may favour other micro-organisms. Most micro-

organisms will grow at temperatures below 20°C but more slowly.

lii. Aircraft design
Microbiological growth is enhanced in:
e undrainable water/fuel tanks;

e warm inboard tanks/trim tanks.

iv. Flight Operations
Microbiological spoilage is more likely in aircraft:

e  operating transoceanic flights;
e  operating at low altitude.
e inwarm climates
e low utilisation.
e  fuel tanks which are underutilised.
e  aircraft parked or in storage.

e uplifting suspect fuel.

The incidence of contamination problems in aircraft is very much influenced by
the climate in which the aircraft operates in conjunction with the efficacy of water
draining procedures applied by aircraft operators. The area between LAT 30°
South and LAT 30° North is considered a high-risk area for operations. In effect
since most microorganisms need free water to grow, microbial growth in fuel

tanks are most commonly found where water is present.
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Areas which are at higher risk of developing microbiological contamination.

Refueling
A Visual Check and water contamination test for the fuel shall be performed

before refueling an Aircraft. However, with the consent of the aircraft engineer or
representative supervising the refueling operation, water contamination test may be
done after 1000 litres has been displaced. After the fuel contained in the vehicle
delivery pipework and filter vessel has been displaced (typically 1,000 litres), a 1-
litre sample shall be taken downstream (outlet side) of the filter for an Appearance
(or Visual) Check. If water is found in the sample, a second sample shall be drawn

immediately.

Shell Water Detector Capsules

The Shell Water Detector capsule is the standard industry test for monitoring the
level of free or dispersed water in Jet Fuel. It is used in conjunction with a syringe,
which draws a 5ml of the fuel through the capsule. If the paper inside the capsule
does not change from yellow to green it means that the fuel contains less than the
IATA recommended limit of 30ppm water content, and the test is classified a Pass.
A strong green colour means that the fuel contains more than 30ppm of water and
the test is classified Fail.
What must be done when contamination is suspected/detected?

1. Perform clear and bright test

2. Perform water test

3. If 1 and 2 s positive then, quarantine, investigate and
decontaminate/dispose. Ensure no significant contamination gets passed
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to aircraft. Finally, report as incident/accident and investigate mitigation
to avoid re-occurrence.

Impact on Operations

e Operational disruptions.
e Unscheduled grounding for decontamination and other related issues.
e Increased fuel uplift due to fuel gauging fluctuations.
In case of contamination, the decontamination and process require

defueling and refueling to full with biocide.

References:

IATA Guidance Material on Microbiological Contamination in Aircraft Fuel Tanks, edition
4,

Airbus In-Service Information on Microbiological Contamination in Fuel Tanks, Ref. no
28.11.00002. Issue date: 13" September 2021

Aviation Fuel Quality Control and Operating Standards for Into-Plane Fuelling Services (JIG
1) Issue 12, January 2016

Fuel and fuel system microbiology, fundamentals, diagnosis, and contamination control.
Frederick J. Passman, editor. ASTM manual

Microbial Contamination and Associated Corrosion in Fuels, During Storage, Distribution
and Use. Edward C. Hill and Graham C. Hill

www.aljac.com/pdfs/fuel_testing_consumables.pdf

1.18.5 Electronic Water Sensor System

All Puma Energy refueling trucks and hydrant dispensers at KIA including RV01

and HDO1 are equipped with the EWS system which detects the presence of water

in the fuel supply.

The Electronic Water Sensor (EWS) system provides the assurance to refueling

operators and airlines that the fuel delivered into aircraft is monitored and prevents

water from reaching the aircraft by triggering a Deadman” shutdown. The EWS is

used in conjunction with Dirt Defense Filtration (DDF) technology and includes

the following components:

An EWS fitted downstream of filtration.
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e A compatible controller
e Asensor warning light (blue)
These systems are connected to the Deadman system to ensure automatic fuel
shutdown, under the conditions specified below:
e The EWS measures a free water concentration of 30ppm to 50ppm for
more than 10 seconds or

e  Free water concentration greater than 50ppm for more than 5 seconds.

EWS Warning Light
The EWS warning light is blue in colour unless local airport regulations require a
different colour. The EWS light is permanently displayed on the fueling vehicle
exterior, enabling a clear unobstructed view for the fueling operator at all times
during fueling, in all-weather/light conditions. The EWS warning light is
configured as follows:

e Standby Mode: Before fuel flow commences, the light flashes
intermittently in cycles (on and off twice in 0.5seconds and remains off
for 2.5seconds and then the cycle repeats).

e Fueling Mode: When fuel flow commences, the light constantly
illuminates indicating that the system is operational.

e Check Level: A sensor indication between 15ppm and 30ppm of free
water for at least 10 secs will trigger slow flashing of the light to prompt
the operator to stop the fueling.

e Alarm Level: A sensor indication greater than 30ppm of free water for at
least 10secs or greater than 50ppm of free water for at least 5 seconds will
trigger faster flashing of the light and shall automatically shut down the
fueling.

e Refueling procedure requires that the blue light be monitored at all times

during the refueling process.

*Deadman Switch: A Deadman switch is a switch that is automatically operated in case the human
operator becomes incapacitated, such as through death or loss of consciousness.

Reference: Joint Inspection Group (JIG)
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1.18.6 Airbus Fueling System

wuxXZ2r -4

Fuel is stored in the:
= Wings
= Centre section
= Trimmable Horizontal Stabilizer (THS).

DESCRIPTION

The wings have inner and outer tanks. Each inner tank contains one collector cell
that:

= Maintains a fuel reservoir for the fuel booster pumps and provide
negative 'g' protection to feed the engines.

= Is maintained full and contains about 1000 kg (2200 Ibs) of fuel.

Each inner tank is divided into two parts via a SPLIT valve that normally remains
open. The inner tank is used as a single tank and, if tank damage is suspected (i.e.
FQI data is lost or there is a rapid FQI decrease following an engine failure), the
SPLIT valve can be manually closed by using the dedicated pushbutton on the
overhead panel.

In each wing, and on the right of the THS trim tank, there is a vent surge tank
outboard of the outer tank. After refueling to maximum tank capacity, fuel can
expand by 2% (20° temperature increase) without spillage. There is an
overpressure protector in each wing surge tank, in the trim surge tank, and
between the center and the right inner tanks
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TANK ARRANMGEMENT

GFCS=01=2B10=002=A110A4
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FUEL CONTROL AND MONITORING SYSTEM
(FCMS)

GENERAL

The fuel system is controlled by two Fuel Control and Monitoring Computers
(FCMC). The FCMCs:

= Measure the fuel quantity and indicate it on the ECAM.

= Calculate the aircraft's Gross Weight and Center of gravity, based on the
Zero Fuel Weight and the CG entered by the crew.

= Control transfer of fuel to the inner tanks for engine feed.

= Control transfer of fuel to and from the trim tank for CG control.

Magnetic level indicators are fitted in the lower surfaces of the center and
wing tanks to allow the manual measurement of each tank's fuel quantity.

FUEL QUANTITY INDICATION AND LEVEL
SENSING

FUEL QUANTITY INDICATION

One FCMC is active and the other is on standby. If the first FCMC fails, then the
other FCMC takes over. Each FCMC calculates the fuel quantity by using the:

= Fuel volume from the fuel probes.
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= Fuel density from the densitometers.
= Horizontal Stabilizer angle.
- Aircraft attitude.

= Fuel electrical characteristic from the compensators
The calculated fuel quantity is indicated on both the ECAM and the refuel control
panel.

FUEL LEVEL SENSING

The FCMC also uses information from the following fuel level sensors to control
transfers and to provide warnings, independently of the fuel quantity indication:

= Low level sensors:

e To trigger low level warnings and stop jettison.
e To control center and trim tank transfers.

= High level sensors: To stop refueling when a tank is full.

= Vent surge tank level sensor: To stop refueling, or fuel transfer, in case of
tank overflow.
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ARCHITECTURE

FUEL SYSTEM
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GENERAL

The main fuel pump system supplies fuel from the inner tanks to the engines. In
each wing there are three fuel pumps. Two main fuel pumps in the collector cell
and one standby pump outside the collector cell. When closed, the cross-feed valve
separates the system into two parts, and their associated fuel pumps supply the
engines. When open, the cross-feed valve allows any pump to supply any engine.

MAIN COMPONENTS

INNER TANK PUMPS

During normal operation all main pumps run. If a main pump fails, or is switched
off, then the standby pump runs. With the cross-feed valve opens, one pump is
capable of supplying both engines.

CROSSFEED VALVE

The cross-feed valve enables any pump to supply any engine. The X-FEED valve
automatically opens in electrical emergency configuration.

ENGINE LP VALVE

The flow of fuel to an engine can be stopped by closing its respective low
pressure (LP) valve via the:

- Engine master switch, or the

= ENG FIRE pushbutton.

NORMAL OPERATION

Fuel is always fed to the engines from the inner tanks.

The fuel transfer sequence is as follows:
1. Centre tank fuel transfers to the inner tanks.
2 Each inner tank empties down to 4000 kg (8830 Ibs).
3 Trim tank fuel transfers to the inner tanks.
4.  Each inner tank empties down to 3500 kg (7720 Ibs).
5 Outer tank fuel transfers to the inner tanks.
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Note: If required for CG control, the trim tank may be emptied earlier (refer to CG

control).

REFUELING -
DEFUELING

Two refuel couplings are installed under the wings. These couplings allow refueling
from both the right and left sides of the aircraft.

A refuel panel is located on the fuselage side, beneath the right wing.

A second and/or third panel is installed close to the refuel couplings.

A gallery connects the refueling coupling to the fuel inlet valve of each tank

- >
— = -
[E> REFUEL PANEL — = o 3% o
e W TR l;/”/ REFUEL PANEL
REFUEL COUPLING — //":.’\/*’_’:__-— et
i o S e > —— REFUEL PANEL <¥|
S e > )
e e = \'l
== - |J

REFLUEL COUPLING

From the cockpit, refueling can be controlled with the refuel pushbutton. Although
manual control is possible, it is normally automatic when the required fuel load is set
on the preselector. In addition, it is possible to refuel by battery power only. Any
tanks that require refueling start to be refueled simultaneously. Refuel valves
automatically close either when the required quantity is reached, or when high level
is detected. Wing tank gravity refueling is achieved via over wing refueling points.
If the FCMC is powered, transfer is possible from any tank (with inner or centre
pumps) to outer, inner or centre tanks. When both side couplings are used, refueling

time at nominal pressure (50 psi) is approximately 33 minutes for all tanks.
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1.18.7 Airbus Post Event Safety Actions

1.18.7.1 Operators Information Transmission - OIT
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CUSTOMER SERVICES DIRECTORATE AI R B U S
2 ROND POINT EMILE DEWOITINE

31700 BLAGNAC FRANCE

TELEPHONE + 33 (0)5 61 93 33 33

OPERATORS INFORMATION TRANSMISSION - OIT

SUBJECT: ATA 28 — Fuel shortage and associated fuel quality risks

AIRCRAFT TYPE: A300, A300-800, A310, A318, A319, A320, A321, A330, A340, A350, A380, AST

OUR REF.: 999.0044/22 Rev 00 dated 02-JUN-2022
OIT CATEGORY: Advice

NOTICE: This OIT provides recommendations on Maintenance and Engineering issues/information. It is
left to each Operator's discretion whether to distribute this OIT, or to distribute the information contained in
this OIT, to all of their applicable Maintenance and Engineering organizations for information or application
of the recommendation.

REFERENCED DOCUMENTS:

Ref. 1: Consumable Material List CML 01ABA1 dated May 2022
Ref. 2: IS] 28.11.0002 MICROBIOLOGICAL CONTAMINATION IN FUEL TANKS dated May 2022

1. PURPOSE

This OIT is dedicated to inform operators of the increasing risk of fuel supply shortage across the globe.
This is considered to represent a risk of degraded fuel quality to be uplifted to the aircraft with a potential
impact for the Airframe & the Systems which includes but may not be limited to, the Fuel Quantity Indication
System (FQIS) and the Engines and Auxiliary Power Unit (APU). By the present OIT, Airbus would like to
raise awareness of the above and remind some best practices for fuel handling and quality control.

2. BACKGROUND

Airbus has been made aware of several operators having faced difficulties to refuel the aircraft with reports
of multiple refuel interruptions, FQI faults, filter clog alerts and/or APU/Engine malfunction. For the majority
of these events, a significant volume of water (several hundreds of litres) was drained out of the fuel tanks
and a visual check of the fuel sampling revealed the fuel was not clear and bright as normally expected.
Together with these observations, Engines andfor APU uncommanded shutdowns or impossibility to start
and eventually loss of FQI have been reported with the aircraft on the ground.

Considering the volume of water removed from the fuel tanks and the fact that no issues were reported in
the previous flights, it is highly suspected that the contaminated fuel was uplifted during one refuel rather
than resulting from an accumulation during aircraft operation.

3. DESCRIPTION

OIT ref: 999.0044/22 Rev 00 Page 1 of 2 Date: 02-JUN-2022

© AIRBUS 5.A.5, 2022, ALL RIGHTS RESERVED. CONFIDENTIAL AND PROPRIETARY DOCUMENT
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CUSTOMER SERVICES DIRECTORATE AI R B U s
2 ROND POINT EMILE DEWOITINE

31700 BLAGNAC FRANCE

TELEPHONE + 33 (0)5 61 93 33 33

OPERATORS INFORMATION TRANSMISSION - OIT

Quality of jet fuel is a key contributor to ensure the reliability of the fuel gauging system and the efficiency
of the engines and APU operation among other functions. Therefore, contaminated fuel represents a threat
to the efficiency of these systems.

Along the production and the supply chain and until it reaches the fuel tanks and it is burned through the
engines or the APU, fuel must always remain compliant with the approved specifications. The specifications
approved by Airbus are listed in the Consumable Material List (Ref.1). It is the responsibility of the
operators to ensure that the fuel uplifted to the aircraft complies with these specifications, especially that it
is free from any contamination such as water or biological material.

Regular fuel tank water drainage activity is highly recommended to reduce the risk of microbiological
contamination and to minimize operational/maintenance disruptions due to contamination in the fuel tanks.
However, such planned maintenance and housekeeping effort can be jeopardized in case of contaminated
fuel being directly uplifted to the aircraft.

The current worldwide situation has led several regions to face difficulties and shortage in fuel supply. Due
to this shortage, the risk of poor quality fuel being uplifted to the aircraft is considered to be higher than
previously.

To mitigate this increasing risk, Airbus recommends operators to take particular care with the aircraft refuel
operations, especially in the remote locations which may be facing fuel supply challenges. It is thus
recommended to take local measurements (nearest upstream the aircraft) on a regular basis in order to
verify the good quality of the fuel before it is uplifted to the aircraft. Visual inspection of the fuel sampling
should be performed to confirm the fuel is clear and bright and free from water or any other contaminants.
Presence of visible particles in the fuel or a cloudy fuel sample are signs of potential contamination and
should alert the operator that the fuel may be contaminated (Ref. 2).

Any of these proactive measures will contribute to reducing the risk of significant operational disruptions,
extensive grounding time and associated expensive corrective actions that may be needed if contaminated
fuel is uplifted to the aircraft.

Should operators suspect fuel which is out of specification, having been uplifted to the aircraft, Airbus
Engineering Support can be contacted using details in Section 4. CONTACTS for support and/or for
reporting the event.

4. CONTACTS

Questions about the technical content of this OIT are to be addressed to Airbus Customer Services through
TechRequest on Airbus World, selecting Maintenance & Engineering Domain, Engineering Section and
ATA 28

Best Regards,

Stephen MONTGOMERY
Head of Propulsion Systems
In Service Engineering — Customer Care Center

OIT ref: 999.0044/22 Rev 00 Page 2 of 2 Date: 02-JUN-2022

© ARBUS 548, 2022. ALL RIGHTS RESERVED. CONFIDENTIAL AND PROPRIETARY DOCUMENT
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1.18.7.2 Troubleshooting Manual — Tank Quantity and FOB Qty Shown

Amber XX
TSM - SAA - A330 REV DATE: Oct 01/2022
AIRBUS Tail Number - MSN - FSN: ZS-SXM - 01792 - 505

28-42-00-810-951-A - Fuel - Tank Quantity and FOB Quantity Shown
Amber XX

*ONA/C FSNALL

TASK 28-42-00-810-951-A
Fuel - Tank Quantity and FOB Quantity Shown Amber XX
1. Possible Causes:

-unserviceable fuel probe

2=_ Job Set-up Information
A Referenced Information
Ref. AMM 28-51-00-740-801 FCMS BITE (System) Test
Ref. AMM 45-10-00-860-815 Procedure to get access to the SYSTEM REPORT/TEST FUEL
page
3 Fault Confirmation
SUBTASK 28-42-00-710-059-A
A Test
(1) Do a BITE test of the FCMC 1 and FCMC 2 Ref. AMM 28-51-00-740-801.
(2)  Atthe MCDU:
(@) Get access to the SYSTEM REPORT/TEST FUEL page Ref. AMM 45-10-00-860-815.
(b)  Set the applicable FCMC Main Menu.
(c)  Setthe Class 3 FAULTS:
3 if a fuel probe maintenance message is shown, do the fault isolation procedure in
Para. 4 A.

- if there are no fuel probe maintenance messages shown, no more maintenance

work is necessary.

MNOTE: The FOB fuel indication can show XX when the two probes in a collector cell are
unserviceable. If the probes in a collector cell are unserviceable, the inner tank
indication will also show XX_ If a fuel tank quantity shows XX, the FOB quantity
can not be calculated.

4. Fault Isolation
SUBTASK 28-42-00-810-194-A
A Procedure
(1) If a Class 3 maintenance message identifies an unserviceable fuel probe, do the applicable
trouble shooting procedure.
(2) DothetestinPara. 3.A (1)
JCP Title: TSM tasks © AIRBUS S.AS. ALL RIGHTS RESERVED. Page 1 of 2
CONFIDENTIAL AND PROPRIETARY DOCUMENT. PRINT DATE: Dec 19/2022
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1.18.7.3 Troubleshooting Manual -Fuel — Refuel Will Not Start or Cannot Be
Completed
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TSM - SAA - A330 REV DATE: Oct 01/2022
AIRBUS Tail Number - MSN - FSN: ZS-SXM - 01792 - 505
28-25-00-810-821-A - Fuel - Refuel Will Not Start or Cannot Be Completed
*ONA/C FSNALL

TASK 28-25-00-810-821-A
Fuel - Refuel Will Not Start or Cannot Be Completed

WARNING:
WARNING:

3
=]

OBEY THE FUEL SAFETY PROCEDURES. THIS CAN PREVENT INJURY AND DAMAGE.
WHEN YOU DO WORK ON THE FUEL SYSTEM WIRING, YOU MUST USE TEST EQUIPMENT

THAT IS APPROVED (REFER TO INTERNATIONAL OR NATIONAL SPECIFICATIONS FOR
INTRINSICALLY SAFE TEST EQUIPMENT: EN60079, UL913 OR EQUIVALENT). TEST
EQUIPMENT THAT IS NOT APPROVED CAN CAUSE FIRE OR AN EXPLOSION.

Possible Causes:

-CONTROL LEVER LANDING GEAR (6GA)
-SW-FUEL ISOL, TRIM TANK (13QMN)
-PIBSW-CENTER XFR, OVERRIDE (15QL)
-FCMC

-surge tank sensor/overfull sensor

-high level sensor

-trim line restrictor valve

-refuel isolation valve

-fuel tank isolation valve

-fuel tank inlet valve

-loss of fuel quantity accuracy on any fuel tank
-fuel probe

-total loss of fuel indication

-compensator

-densitometer

-trim line fault

-Ground conditions not set

Job Set-up Information

[ 1 I

A Referenced Information

Ref. 28-51-00-810-833-A

Fuel - Ground Conditions Mot Set

Ref. AMM 28-25-00-869-801

Ground Fuel Transfer Procedure

Ref. AMM 28-51-00-710-801 FCMS Fuel Valves Test

Ref. AMM 28-51-00-710-802 FCMS Level Sense Test

Ref. AMM 28-51-00-740-801 FCMS BITE (System) Test

Ref. AMM 28-51-00-740-803

Interrogation of the FCMS Input Parameters Pages

Ref. AMM 28-51-00-740-806

Interrogation of the FCMS Refuel Parameters Page

Ref. ASM 28-51-11

ICP Title: TSM tasks

© AIFBUS S.A.S. ALL RIGHTS RESERVED.
CONFIDENTIAL AND PROPRIETARY DOCUMENT.

Page 1 of 4
PRINT DATE: Dec 19/2022
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TSM - SAA - A330 REV DATE: Oct 01/2022

AIRBUS Tail Number - MSN - FSN: ZS-SXM - 01792 - 505

28-25-00-810-821-A - Fuel - Refuel Will Not Start or Cannot Be Completed

Ref. ASM 28-51-12

Ref. AMM 32-31-11-000-801 Removal of the L/G Control Lever

Ref. AMM 32-31-11-400-801 Installation of the L/G Control Lever

3: Fault Confirmation

SUBTASK 28-25-00-700-050-B
A The faults that follow can cause the refuel to:

(1)
()
(3)
(4)
©)
(6)
(7)
(8)
(9)

(10

(11)
(12)

(13)

not start

stop before end of refuel.

An unserviceable CONTROL LEVER LANDING GEAR (6GA)

An unserviceable FCMC.

A surge tank sensor/overfull sensor wet or faulty wet.

A high level sensor wet or faulty wet.

An unserviceable trim line restrictor valve.

An unserviceable refuel isolation valve.

An unserviceable fuel tank isolation valve.

An unserviceable fuel tank inlet valve.

A loss of fuel quantity accuracy on any fuel tank. This can be caused by a number of fuel probe
faults.

A total loss of fuel indication, this can be caused by a compensator or densitometer fault.
A trim line fault.

Ground conditions not set.

(a) If the ground conditions are not set do the Ref. TSM TASK 28-51-00-810-833 Fuel -
Ground Conditions MNot Set procedure.
To find the fault, go to Para. 4 A

NOTE: For additional information you can interrogate the FCMS, refer to the AMM 28-51-00 P.
Block 501.

4. Fault Isolation

SUBTASK 28-25-00-810-073-A
A Procedure

(1)

()

()
(4)

Do the interrogation of the FCMS refuel parameter page procedure Ref. AMM 28-51-00-740-806

(a) If an applicable fault is shown on the refuel parameters page:
¥ Do the applicable troubleshooting procedure.
(b) If an applicable fault is not shown on the refuel parameters page:

¥ Do the next step.
Do a check of the aircraft wiring from the landing gear control lever to the FCMC Ref. ASM 28-
51-11 and Ref. ASM 28-51-12.
Repair all the unserviceable wiring and connectors.

JCP Title: TSM tasks © AIRBUS 5.A.S. ALL RIGHTS RESERVED. Page 2 of 4
CONFIDENTIAL AND PROPRIETARY DOCUMENT. PRINT DATE: Dec 19/2022
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TSM - SAA - A330 REV DATE: Oct 01/2022

AIRBUS | Tail Number - MSN - FSN: ZS-SXM - 01792 - 505

28-25-00-810-821-A - Fuel - Refuel Will Not Start or Cannot Be Completed

(9)

(14)

(15)

Do a check of the landing gear control lever CONTROL LEVER LAMDING GEAR (6GA) to make

sure it transmits correctly Ref. AMM 28-51-00-740-803.

If the signal is not correct, replace the landing gear control lever Ref. AMM 32-31-11-000-801

Ref AMM 32-31-11-400-801.

If the signal is correct, do the next step.

If the refuel has not started, do the steps that follow to find the fault:

If there are any of the conditions that follow, they must be corrected before the refuel can be

completed:

- if the refuel has stopped at high level (maximum fuel on board) with the pre-selected fuel
quantity set to more than 200kg (440Ib) above maximum fuel capacity, set the correct fuel
quantity

- if the automatic refuel has stopped and there is a fuel quantity imbalance between the left
and right wing tanks, correct the fuel imbalance Ref. AMM 28-25-00-869-801

- make sure that all the refuel/defuel valve switches (at panel 990VU) are set to NORM

- make sure that the refuel/defuel MODE SELECT switch (at panel 990VU) is set to
REFUEL

- make sure that the SW-FUEL ISOL, TRIM TANK (13QN) (at panel 245VU) is set to AUTO

4 make sure that all manual transfer PIBSWs (at panel 245VU) are set to AUTO.

If the refuel cannot be started again or the fault continues:

(a) Setthe MODE SELECT (3QU) to the OFF position.
(b) Do the reset of the FCMC that is in control Ref. AMM 28-51-00-740-801.
(c)  Continue with the refuel procedure, refer to AMM 12-11-28 page block 301.

NOTE: Para. (1) and (2) can be repeated to complete the refuel.
If the steps in Para. (1) and (2) do not supply the solution and the refuel cannot be completed:
Set the MODE SELECT switch (3QU) to the OFF position.
Do the reset of the FCMC that is not in control Ref. AMM 28-51-00-740-801. This will make that
FCMC the master.
Continue with the refuel procedure, refer to AMM 12-11-28 page block 301.

NOTE: The FCMC that has been set to master can be reset more than once to complete the
refuel. Before each FCMC is reset, the MODE SELECT switch (3QU) must be set to
OFF.
If the refuel has not started again or is still not complete. Do the actions that follow to find the
fault:
- if during the following tests the message ground conditions not set is shown on the
MCDU, do the ground conditions not set procedure Ref. TSM TASK 28-51-00-810-833.

(a) FCMC bite test Ref. AMM 28-51-00-740-801.
(b) FCMC level sense test Ref. AMM 28-51-00-710-802.
{c) FCMC valves test Ref. AMM 28-51-00-710-801.

NOTE. The level sense test must have finished before you start the valves test.

(d) FCMC ground report.
If the fault continues:

JCP Title: TSM tasks © AIRBUS S.AS. AL RIGHTS RESERVED. Page 3 of 4
CONFIDENTIAL AND PROPRIETARY DOCUMENT. PRINT DATE: Dec 192022
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1.18.8  Monthly Maintenance Report of Refuellers (RV01 and HDO01) -

Appendix 10

Relevant monthly reports reviewed by the investigation team include the following:

1.18.9

Deadman Control Valve Test Record

Fire Extinguisher Inspection Record

Fueler Monthly Inspection Record

Over wing Reel Hose Coupler, Nozzle and Strainer Inspection and
Maintenance Record — Hose # 1

Over wing Reel Hose Coupler, Nozzle and Strainer Inspection and
Maintenance Record — Hose # 4

Over wing Reel Hose Coupler, Nozzle and Strainer Inspection and
Maintenance Record — Hose # 6

Underwing Deck Hose Inspection and Test Record

Underwing Reel Hose QD And Strainer Inspection and Maintenance
Record

Hose Inspection and Test Record

Underwing Deck Hoses QD And Strainer Inspection and Maintenance
Record

Fixed and Mobile Ladder Inspection

Sampling Visual Check Records

Extract from Transportation Safety Board of Canada Aviation
Investigation Report Number A08Q0082.

In-Flight Fuel Feed Failure Resulting in Engine Fuel Starvation
Air Canada Airbus A330-343 C-GFAH Montréal, Quebec, 50 nm W. 30 April

2008

Summary
The Air Canada Airbus A330-343 (registration C-GFAH, serial number 0279),
operating as ACA418, departed Toronto/Lester B. Pearson International Airport,

Ontario, at 1622 Eastern Daylight Time en route to Montréal/Pierre Elliott

Trudeau International Airport, Quebec, with 228 passengers and 10 crew
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members on board. During the flight, several fuel pump low pressure warnings
appeared and the affected pumps were switched off as per the appropriate
published procedure. While in descent into Montréal, low-pressure warnings
appeared on the remaining functioning fuel pumps; they were switched off and
the engines continued to operate normally with gravity fuel feeding. During the
level-off at 11,000 feet above sea level, the left engine (Rolls Royce, RB211
TRENT 772B-60) incurred a rollback below idle, generating an engine stall
followed by an engine fail message on the electronic centralized aircraft monitor.
All fuel pumps were switched back on and the left engine regained power shortly
thereafter. An emergency was declared and the aircraft landed without further

incident.

Post Flight Activities
The water draining procedure was performed and 4.5 litres of water were found
in each inner tank. However, this quantity is considered normal by Airbus.

Findings as to Causes and Contributing Factors

The main fuel pump low-pressure warnings were erroneously generated by the
possible freezing of fuel pressure switches. The result was that normally
operating

fuel pumps were switched off as per the displayed electronic centralized aircraft

monitor (ECAM) procedure.

1.18.10 Extract from Interview with SAA Engineer on Flight

SA052/9053 of 14/15 April, 2022

Investigator: Do you recollect how they disposed of the fuel that was drained

from the aircraft?

Engineer: Unfortunately, | have no idea. | was on the ladder draining, | handed
it down to ground crew. They handed me another container. So
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unfortunately, | have no idea what they did with the fuel that was in

the containers that | handed to them.

Investigator: Okay. Let me take you a step back, when the refueling truck came,

apart from the chemical water check, what other check did you do?

Engineer: Well that is normally the standard check that we do, we don't do any
other checks. We just do that water check and then we start fueling.
Investigator: Okay, so just bear with me. How do you do that water check with

the refuellers?

Engineer: A container on the truck or on the bowser, is filled with fuel. The
refuellers take a syringe, put a chemical test unit on it, pull fuel from
the container and they will show it to you. Even if the test is
negative, | find water, put it on the chemical unit to see if there is a

colour change. If it is actually working, it will then change colour.

1.19 Useful or Effective Investigation Techniques

e Use of CCTV footage of refueling event — To assist in determining the
quantity drained from the aircraft fuel tanks and how it was disposed of.
e Reference to similar investigation reports - Seeking information on similar

occurrences for the benefit of the investigative process.
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20 ANALYSIS

This section discusses the factors which were found to have contributed to the
incident, as well as other additional factors identified during the course of the
investigation that were also considered to be important. The analysis performed is

based on the pieces of evidence collected during the investigation.

2.1  Water Contamination During Refueling in Accra

Quality control checks carried out by PUMA Energy in accordance with JIG
procedures on the fuel in the refueling truck (RV01), at 0742 UTC in the morning of
14 April indicated that the fuel was bright, clear and free of water. Maintenance
records of the vehicles RV01 and HDO1 also indicated proper functioning of all
systems with no recorded defects. The post event maintenance inspection of the fueler
vehicle (RV01) also confirmed that quality checks on the filter inlets and outlets was
bright and clear. The loop test on the EWS also indicated correct functioning (Refer
to Appendix 10).

PUMA Energy has a valid JIG certificate of approval (Appendix 7). On the day of
the reported incident, there was no report of fuel contamination by any of the fourteen
(14) other airlines serviced by PUMA Energy (Appendix 15). Post occurrence
inspection of the PUMA facilities and records by the AIB Ghana team of investigators
was satisfactory. An ad hoc post event third party inspection by United Airlines on
PUMA Energy facilities and operations soon after the incident was also satisfactory
(Appendix 16).

From the commencement of fueling and throughout the fueling process, all the results
of the water tests conducted on the fuel being supplied was negative. Both trucks
were fitted with the EWS system which detects the presence of free water in fuel if
the concentration exceeds the IATA permissible limit of 30ppm. The EWS systems
on the trucks were serviceable on the day and would also have detected the presence
of water in the fuel. The refuellers monitored the warning light of the EWS system

during the refueling process as required, and at no time did the light indicate the
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presence of water. Additionally, at no time was the Deadman shutdown function
automatically activated during refueling. Troubleshooting carried out by the fueling
personnel on the truck (RV01) revealed no defects.

2.2  Water in Aircraft Fuel Tanks
Aircraft tanks will probably contain free water from the fuel previously loaded,
therefore any water drained from the aircraft’s fuel tanks may already have been

present in the tanks on arrival in Accra.

According to SAA, the aircraft’s maintenance records reflect there was a weekly
check carried out three days prior, three fuelings and three flight legs before the
refueling incident in Accra. During the weekly check as per maintenance

requirements a fuel sump drain was carried out and no anomaly was evident.

Any water drained from the aircraft’s fuel tanks in Accra, could have been introduced
through the accumulation of water from any of the following:

a) Any or all the three refueling before the contamination incident.

b) In-flight ingestion of water vapour through the fuel tank vents.

c) Fuel uplifted in Accra.
NB: It is unlikely that water was introduced into the aircraft fuel tank in Accra
because all the water tests were negative and the EWS system did not detect the

presence of water.

2.3 Fuel Drain Procedure and Quantity Drained
Reference: Airbus In-Service Information on Microbiological Contamination in Fuel
Tanks, ref. 28.11.00002. Issue date: 13-Sept-2021. Last Checked date: 24-May-2022.
The Airbus recommended guidelines for water drainage includes the following:
e Drain until free water is removed from each drain valve (the presence of fuel
phase in the sample indicates that the free water has been drained).
At no time was a chemical water test performed to confirm that the fuel drained was

free of water, though the test equipment was available.
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The Engineer reported that the first few samples drained using the 1L drain purge tool
was predominantly water followed by a mixture of fuel and water. As per the Airbus
recommendation above, the fuel drain should have stopped when the presence of fuel

in the sample was observed, as this was an indication that free water had been drained.

Since the presence of water in the aircraft fuel tanks was determined by sight, smell,
viscosity and experience, it could also have led to much more fuel being drained than
was necessary. Additionally, as the amount of fuel drained was not measured and the
containers were filled to different levels (as stated by the engineer), the estimated
amount of fuel drained from each tank cannot be determined. CCTV footage of the
event showed that the contents of the 20L container was disposed of eleven (11) times
from the right fuel tank and three (3) times from the left fuel tank indicating the same
amount of fuel could not have been drained from each tank as stated. This contradicts
the reported 200L drained from each wing tank.

From the above, the reported amount of water drained can be considered incorrect

and excessive.

2.4 Effect of Drainage of Fuel Tanks on Refueling Interruptions
Though it might appear that draining fuel from the aircraft wing tanks resolved the
automatic interruptions in refuelling, it did
not. When refuelling was resumed after draining fuel for the first time, there was an
automatic interruption when an additional 2600 litres of fuel was uplifted. Fuel was
drained a second time and refueling resumed. Once again, there was an automatic
interruption again after uplifting a further 2700liters. Following this interruption, no
further draining was carried  out to check for the presence of water, neither was any
trouble shooting performed. The refuelling truck was then replaced with the Hydrant
dispenser HDO1, and refuelling was completed successfully but for the APU automatic
shutdown which resulted in the loss of electrical power supply to the aircraft. When
electrical power was restored with a ground power unit, the refuelling was continued

without any problems. If the last interruption before the HDO1 was connected had been
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caused by the presence of water in the fuel, it would have had to be drained before
refuelling could have continued successfully, however this was not the case. Refuelling
was continued successfully without the need to drain fuel. From this it can be inferred that
neither the fuel drained nor the trouble shooting activities solved the issue of unexplained

automatic interruptions

2.5 Solution to Refueling Challenges

The KLM engineer’s suggestion that the issue could be due to low pressure from the
refueller (RV01) and his proposal to use a different truck resulted in the use of the
hydrant dispenser (HDO1) for refueling. This produced the desired result. (Appendix
6, page 1)

Apart from the interruption caused by the automatic shutdown of the APU, there was
no other interruption during the use of HDO1.

It is likely that the increased flow rate of supply from the HDO1 (max operating flow
rate of 4140 Ipm), as compared to that of RV01 (max operating flow rate of 2300
Ipm), contributed to the resolution of the issue of interruptions.

2.6 Confirmation of Quality of Fuel Supplied

At the end of refueling the FDC and the Engineer were satisfied that the fuel on board
the aircraft was not contaminated and that any water that may have been present had
been drained. This is evidenced by the Engineer signing the fuel ticket and the FDC

accepting to fly the aircraft to Johannesburg as fueled.

Airbus In-service Information Ref: 28.11.00002 issue dated 13-SEP-2021
indicates — “When there is water in tanks or contaminate is present, it commonly
causes the fuel level sensing capacitance probe to give out of range reading”.
However, after the completion of refueling and throughout the flight, the fuel level
sensing capacitance probes did not give any out-of-range readings indicating that

there was most likely no appreciable amount of water present in the fuel tanks.
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2.7 Microbiological Contamination (MBC)

The post flight findings of the inspections, tasks and investigative analysis carried out
by SAA Maintenance on the subject aircraft indicated that samples taken from the
fuel tanks revealed heavy microbiological contamination (MBC). Fuel filters
removed contained MBC. Internal visual inspection of the aircraft fuel tanks also
revealed the presence of MBC. Despite the presence of the confirmed MBC, there
was no evidence of any foreign material found to have clogged the fuel pumps. The
engine fuel filters did not clog and the bypass did not activate. MBC is therefore not

considered as the cause of fuel starvation.

2.8 In-Flight Event

This was occasioned by a Fuel Right Inner Collector Cell Temp Sensor Fault,
followed 27mins later by simultaneous indications of Fuel Main Pump 2 LO PR, Fuel
Aft XFR Fault and Right-Wing Pumps LO PR (in that order). Seventeen (17) mins
later, after a descent from FL410 to FL190 as required by procedure to gravity feed
engine no. 2, there was an indication of ENG Stall on the ECAM. This was followed
by two further engine Stall indications within a period of six (6) mins. Post flight
analysis suggests that the engine did not Stall but suffered fuel starvation and

subsequently responded during the approach to landing.

Since the automatic fueling procedure was used, fuel tanks were fueled
simultaneously. Any contaminated fuel during refueling would have affected both the
left and the right fuel tanks. Subsequently, if the in-flight engine incident was due to
contamination originating from refueling in ACC, it would have affected engine no.

1 also en-route.
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2.9 Post Flight Analysis
After landing in Johannesburg, the fuel tanks were sumped a few times and no water
was found (Appendix 17). However, two days after the flight, 4 to 5 litres of water

were drained from the aircraft fuel tanks.

Despite the presence of the confirmed MBC, there was no evidence of any foreign
material found to have clogged the fuel pumps. All fuel pumps were serviceable.

The engine fuel filters did not clog and the bypass did not activate.

Based on the various data recovered and with reference to the Transport Canada
Investigation report number A08Q008 of Air Canada A330-343 C-GFAH, the
investigation is led to believe that the most likely scenarios are possibly any or a

combination of the following:

e that there was icing in the tank pump output pressure sense line,

e the main fuel pump low-pressure warnings were erroneously generated by the
possible freezing of fuel pressure switches. The result was that normally
operating
fuel pumps were switched off as per the displayed electronic centralized
aircraft
monitor (ECAM) procedure.
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3.0 CONCLUSION

Findings

The airline did not report the suspected fuel contamination to the local authorities
in Accra.

Puma Energy, Kotoka Airport, Accra was properly certificated to JIG standards
for the fueling of aircraft.

The inspection records of Fueller vehicle RVO01 on the day indicated satisfactory
operation of the vehicle and the quality of fuel on board was certified as “water
and dirt free and meets the relevant specification” by the SAA engineer. (Appendix
11)

Operating procedures of Puma Energy were satisfactory.

All the chemical water tests conducted on the fuel supplied were satisfactory.
The bright and clear check on the fuel was not conducted.

There was uncertainty about what was causing the multiple refueling interruptions.
Multiple resets of the aircraft’s fuel system did not stop the auto interruptions
whilst refueling with RVO01.

The fuel drain did not stop the automatic interruption whilst refueling with RVO01.
The fuel drain did not follow the recommended procedure. The determination of
water in the fuel drained was by touch, viscosity, smell and experience.

The quantity of fuel drained from the aircraft cannot be accurately determined.
Different quantities of fuel were drained from each wing tank as observed on the
KIA Security CCTV footage.

Fuel was disposed of into an open drain near the KIA perimeter wall.

No other airline serviced by Puma Energy on the day in question reported any
problems with refueling.

Apart from the APU auto-shutdown, there was no interruption during refueling
using HDO1.

The pressures of a possible flight delay could have influenced the actions of the SAA

FDC, SAA Engineer and the refueling staff.
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g. Prior to the fuel occurrence involving the SAA flight and thereafter, several
airlines were fuel/refueled daily by PUMA Energy using its Hydrant and Refueling
Vehicles with no adverse reports or complaints.

r.  The fuel quantity indications remained reliable from the introduction of HD 01 and

throughout the flight to Johannesburg.

Post Flight Maintenance Findings from SAA Incident Report of 251" May
2022:

S. The samples taken from the fuel tanks revealed heavy microbiological
contamination (MBC).

t. The fuel filters that were removed contained MBC.
u. The internal visual inspection of the aircraft fuel tanks after draining showed

signs of a brown sedimentary deposit. Samples collected and analysed revealed
that it was MBC. Despite the presence of the confirmed MBC, there was no
evidence of any foreign material found to have clogged the fuel pumps.

V. On arrival in Johannesburg, the fuel tanks were sumped and no water was found.
However, two days later four to five litres were reported to have been drained
from both left- and right-wing tanks.

W. Only Engine Number 2 had an engine stall indication en-route.

X. The borescope inspection of the no. 2 engine revealed no damage nor foreign

objects.

3.2 Causes/Contributory Factors

It is the opinion of the Investigation Team that the incident could be attributed to the
following:

On Ground Incident

a) Puma Energy was not the regular fuel supply contractor of SAA. Crew were
briefed before the flight on the need to use an alternate fuel company. This
could have influenced the crew’s judgement by creating doubts about the

quality of fuel delivered by the refueller RV01 during refuelling challenges.
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b)

f)

Repeated auto interruptions, multiple aircraft fuel system resets and
satisfactory water checks performed on the fuel from the truck, created
uncertainty as to the cause of the interruptions for the SAA FDC, Engineer
and the refuellers.

The Engineer had not experienced such a multitude of fuel auto
interruptions previously.

The resultant delay in fueling and its effect on not meeting an on-time
departure put undue pressure on the Engineer, FDC and the refueling crew.
The initial water drained from the aircraft’s fuel tanks led to a fixation on a
possible water contamination from refueller RVO1 even though the water
checks indicated otherwise.

The continuation of fuel drainage beyond the point at which the presence of

fuel phase in the sample was observed.

In-flight Incident

9)

h)

There may have been icing in the right tank pump output pressure sense
lines.

The main fuel pump low-pressure warnings may have been erroneously
generated by the possible freezing of fuel pressure switches. The result
would be that normally operating fuel pumps would be switched off as per
the displayed Electronic Centralized Aircraft Monitor (ECAM) procedure.
Engine no. 2 failed to respond appropriately at FL190 during fuel gravity

feed procedure on the event flight.

AIB Ghana Comments on BEA Submission on Final Draft Report (APPENDIX 19)

The statement in the BEA comments that, “the fuel system was not capable of
measuring the fuel quantity in the tanks due to probe capacitance out of range (often
indicative of excess water) ” was not captured from the AIB Ghana Draft Final Report.

The BEA comments on the initial AIB Ghana Draft Final Report concludes as follows:

“Therefore, and taking into account that:

During the previous flight, the aircraft did not experience any FQI XX
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The first FQI XX and fueling stop occurred when about 600 litres were
uplifted into the aircraft.

Presence of water in the fuel was confirmed after the event flight.

Inspections confirmed that pumps inlet & scavenge were not blocked.

Fuel filters were not clogged, and bypass valve did not activate

BEA fully supports the Airbus and Rolls-Royce analysis that considers that It is
unlikely that the engine fuel starvation was due to the presence of MBC and is more
likely due to presence of a high concentration of water in the fuel, which occurred,

at least, during the first fueling phase (initial 600 litres).”

The investigation wishes to comment as follows (AIB Ghana Comments are in Italics):

» During the previous flight, the aircraft did not experience any FQI XX -
During the event flight, the aircraft did not also experience any FQI XX indicating
that there was no water affecting the computation of the fuel quantity.

» The first FQI XX and fueling stop occurred when about 600 liters were
uplifted into the aircraft — There were also multiple FQI XX indications and
fueling stops after the first 600 liters were uplifted. These multiple FQI XX
indications and fueling stops continued until 11,668 litres were uplifted.
Thereafter, there was no FQI XX indication during refueling with HDOL1.
Additionally, there was no FQI XX indications throughout the flight to
Johannesburg which indicates that there was no significant amount of water or
equipment malfunction affecting the computation of fuel quantity.

» Presence of water in the fuel was confirmed after the event flight — The e-mail
from SAA states that no water was found in the aircraft fuel tanks on arrival in
Johannesburg of the event flight (Appendix 17). SAA also confirms that 4 to 5 liters
of water was drained from both fuel tanks 2 days after the event flight. Reference
to Transport Canada’s Aviation Investigation Report number A08Q00082, page
7, relating to water drain of the Airbus A330 -343 after its flight the following was
stated: “The water draining procedure was performed and 4.5litres of water
were found in each inner tank. However, this quantity is considered normal by

Airbus”. SAA also confirms that a water drain of 5 liters is normal.
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“BEA fully supports the Airbus and Rolls-Royce analysis that considers that
It is unlikely that the engine fuel starvation was due to the presence of MBC
and is more likely due to presence of a high concentration of water in the fuel,
which occurred, at least, during the first fueling phase (initial 600 litres)”.
Since the automatic fueling procedure was used, fuel tanks were fueled
simultaneously. Any contaminated fuel during refueling would have affected both
the left and the right fuel tanks. Subsequently, if the in-flight engine incident was
due to contamination originating from refueling in ACC, it would have affected
engine no. 1 also en-route.
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40 SAFETY RECOMMENDATIONS

The following Safety Recommendations (AIB/SR/2023/09) are made:

1. Airline operators should report incidents promptly to the appropriate local

authorities.

2. Technical crew and Refuellers must ensure that the fuel clear and bright check is
conducted together with the water test procedure during refueling. It should be
thorough and must follow the IATA recommended guidelines.

3. Airline operators should ensure that the regular maintenance water drain checks
of aircraft fuel tanks is meticulously adhered to as recommended. Water drain

procedures must always follow recommended guidelines.

4. Airport authorities must monitor and ensure that fuel and lubricants drained from
aircraft and ground equipment is disposed of at designated safe locations. Airline
operators and Service providers should drain fuel and lubricants into special
containers for disposal at designated safe locations. The regulator should ensure

compliance.

5. Airline operators must conduct due diligence prior to signing on new fuel
companies. Quality Audits should be carried out by Airline Compliance
departments on fuel companies at all Airports where fuel is uplifted to ensure

quality standards are maintained.

6. Airline operators should be familiar with the various special equipment that fuel
companies use to ensure the quality of fuel supplied, e.g.: EWS system. Operators
should disseminate information on such systems to operating crew and

maintenance personnel.

7. Airbus and Rolls Royce Plc should conduct further investigations into the cause
of engine no.2 ECAM stall indication at FL190 during fuel gravity feed procedure
on the event flight.
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8. Airbus and Rolls Royce Plc should conduct further investigations to establish the
cause of the failure of engine no. 2, to respond appropriately at FL190 during

gravity feed procedure on the event flight.
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APPENDIX 1: NOTIFICATION OF SERIOUS INCIDENT
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Aircraft Accident and In\restiﬂation Bureau

From: Nthabiseng Malumedzha <MalumedzhaN@caa.co.za>
Sent: Monday, 25 April 2022 9:50 PM

To: Aircraft Accident and Investigation Bureau

Subject: Z5-5XM Serious Incident notification

Attachments: Foreign notification_AIB Ghana_Z5-SXM.pdf

Good Day

Kindly find attached an initial notification of an occurrence that occurred on 15 April 2022 at Kotoka Airport
Ghana involving an Airbus A330-300 registration Z5-5XM.

Regards
SOUTH AFRICAN Nyhabiseng Malumedzha
Aircraft Accident Investigator
Accident and Incident Investigation Division (AllD)
Tel: +27 11 545 1014 | Cell: + 27 79 495 7382 | Email: malumedzhan@caa.co.za

CIVIT AVIATION
AUTHORITY Follow us on .3 ﬂm @

This email has been scanned for email related threats and delivered safely by Mimecast.
For more information please visit http://www mimecast.com
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SOUTH AFRICAN Physical Address:  Postal Address:  Telephone Number:  E-mail Address: Southern Region Office:

Ikhaya Lokundiza Private Bag X 73 +27 11 545 1000 mail@caa.co.za PO Box 174

Treur Close Halfway House Cape Town

Waterfall Park 1685 Fax Number: Website Address:  International Airport
Bekker Street +27 11 545 1465 WWW.C22.¢0.23 Tel. Number:
Midrand +27 21 934 4744

Fax Number:
+27 21 934 1326

CIVIL AVIATION

AUTHORITY
Standard Letter Number: CA 12-L-002 / 130418
Reference:  CA18/2/3/10027 Telephone number; ~ (011) 545-1014
Originator:  Nthabiseng Malumedzha Fax number: (011) 545-1466
Department &"ﬁgf"‘ &lncident Investigation Division 6oy 1 phone number 079405 7382
Date: 25 April 2022 E-mail address: malumedzhan@caa.co za

Aircraft Accident and Incident Investigation and Prevention Bureau
Kotoka International Airport

Accra

Ghana

RE: NOTIFICATION TO FOREIGN STATE OF ACCIDENT

Pursuant to Annex 13 to the Convention on International Civil Aviation, this is to notify you of an
aircraft serious incident which has occurred in Accra.

Details of the accident is as follows:-

a. |ldentifying abbreviation INCID
b. |Description of aircraft
o Aircraft manufacturer Airbus
o Model A330-200
o Nationality South African
* Registration marks ZS5-SXM
e Serial number 1792
o Airframe hours 12 533.07
c. |Name of Owner/Operator South African Airways
o Nationality of crew South African
o Total flying hours Unknown
» _Total flying hours on type Unknown
d. [Date and time of the accident 15/04/2022,
e. |e Lastpoint of departure Kotoka International Airport Accra (DGAA)
s Povitefiended landig (F:Ag;r)nbo International Airport Johannesburg
f. [ Position of aircraft with reference to GPS [DGAA
g o Number of crew and persons on board the TBA
: aircraft killed or senously injured.
h. [e Type of operation Commercial
o Serious Incident description and damage | Report as filed by SAA
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to aircraft.

The safety officer reported that on 15 April 2022,
Airbus A-330-300 aircraft with registration ZS-
SXM, took off from DGAA to O R Tambo
International Airport (FAQR)

The aircraft departed 1633 hours late after an
unscheduled night stop because of fuel
contamination. The aircraft was declared
serviceable the following day. It departed DGAA
at 1508Z.

The crew reported that at about 20002 while
cruising at flight level (FL}M410 they had an
Electronic Centralized Aircraft Monitor (ECAM)
message titted “FUEL R Wing Pumps LO PR’
(fuel right wing pumps low pressure). They
applied ECAM actions which ended with a
Gravity feed reguirement at FL200. They
descended to FL 190 where we could do Gravity
fuel feed.

The secondary failure that followed was EGINE 2
STALL.

They applied ECAM Actions and reduced thrust
to stay within Engine parameters. Since there
was no exceedance of engine parameters, they
did not shut the engine down.

Al lower altitude with warmer temperatures in the
fuel tanks, the condition remained the same.
Every time they increased thrust on ENGINE 2, it
stalled.

The reason why they decided to continue was
that.
By the time they reached FL190 we were abeam
Seretse Kgama (FBSK) International Airport in
Botswana, their decision to proceed Io
destination was informed by the following facts:
« Engine 1 parameters were normal
e« EGINE 2 was at Idle with no
exceedances
They had fuel Gravity feeding on EGINE
2 with no problems, although we could
not increase the thrust,
= There was a huge storm covering GBY
all the way towards Waypoint Avago.

They requested the following from air traffic
controller (ATC); direct routing to FAOR RWY
and no speed restrictions, so they increased their
speed to 310 Kis.

They performed a manual landing on Runway
21R at FAOR.
After landing the right-wing pumps still
indicated FAULT. The aircraft taxied fo the
parking bay.

The crew and passenger were not injured, the

Board Members: My Emest Khosa {Chairpersond, Mr Monigezi India; Prof Niombizozuke Dyani-Mbango Mr Suren Sooklal, Dr Brian
Suckling; Ms Bulelwa Koyana, and Ms Tshitshi Phewa; DCA: Ms Poppy Khoza, Company Secretary: Ms Nivashnee Naramdath
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aircraft was not damaged during this serious
incident

I. |Investigation by State of Incident South Africa
. |Physical charactenstics of the incident site Final approach runway 07
Mrs Nthabiseng Malumedzha

Cell: +2779 495 7392

k (Conlack Tel, +2711545 1014
Email: malumedzhan@caa.co.za
. |The presence of dangerous goods on board N
r one

the aircraft.
m. | Weather at the time of accident
n. |Description of any explosions, radicactive :

matenal, dangerous articles carried. NotAppIcanie;
0. |Addition Information None

South Africa, being the State of Operator, wishes to report this serious incident to AIB Ghana as the
state of Occurrence as per ICAO Annex 13 reguirements.

Yours faithfully

Name: Mrs Nthabiseng Malumedzha
For Executive: Accident and Incident Investigations Division (AllD)

Board Members: Mr Emest Khosa {Chaimpersen), Mr Mongezi India; Prof Mtombizozuko Dyani-Mbatigo Mr Suren Sooklal, Dr Brian
Suckling: Ms Bulelwa Eoyana, and Ms Tshitshi Phewa; DCA: Ms Poppy Eboza, Company Secretary: Ms Nivashnes Maramdath
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APPENDIX 2: COMMENCEMENT OF INVESTIGATION

LTS e, AIRCRAFT ACCIDENT
: AND INCIDENT INVESTIGATION
AND PREVENTION BUREAU
TEL: +233 50 239 6070

+233 57 200 0888

N

: ! TOLL FREE No. +233 80 600 6

Incase of reply, the
number and date of this

letter should be quoted.

My Ref. No.<.... 2

ArE At

Your ReF. NO::...civieeeiicanossesasnonanes

COMMENCEMENT OF INVESTIGATION INTO FUEL CONTAMINATION
INVOLVING SOUTIT AFRICAN AIRWAYS, A330-200, ZS-SXM THAT OCCURRED
ON 14-15/04/2022 AT THE KOTOKA INTERNATIONAL AIRPORT, (DGAA) ACCRA

In accordance with Scetion 20 (1) of the Aireralt Accident and Incident Investigation and

Prevention Act 2022, Act 1028, states “I'he Burcau shall, at any stage of an investigation of an

aircrafl accident and incident, recommend in a dated transmittal correspondence to the appropriatc

authority. including an authority in another state, any preventive action that the Burcau considers

necessary to be taken promptly to enhance safety in aviation™. Conscquently, the Aircraft Accident
and Incident Investigation and Prevention Burcau (A1B) has commenced investigation into the
serious incident of a fuel contamination involving South Alfrican Airways aircraft A330-200 with
the registration mark ZS-SXM that occurred on the April 14M-15% 2022 at the Kotoka
International Airport.

2. Accordingly. the AIB has reccived a notification with reference No. CA'18/2/3/10027 dated
25" April, 2022 on the subject matter *Notilication to Foreign State of Accident™ [rom the South
Alrica Civil Aviation Authority on the scrious incident which oceurred in Acera and has shown its
indication ol the extent of the investigation to be conducted.

3. In order to ensure an effective management of the process through the Commissioner, Air
Cdre Kwame Mamphey (Rtd) has been appointed as Investigator-In-Charge (11C). To fulfill
Section 5 (c), (1) and (h) ol Act 1028. the investigation will focus on the preventive and safcty
measures that the Burcau considers neeessary to be taken promptly to enhance safety in the
Aviation Industry.

4. I'he AIB wishes to rely on your provision of support and cooperation [or a successful
conduct ol investigation. This should include the appointment o1 a focal person from your
institution 1o [acilitate the process.

Yours [aithlully.
Wy 5

— ¢ R T J A Y

( — / 2
{

AKWASI AGYEIBT PREMPEIT
AG. COMMISSIONER
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DISTRIBUTION

1.

6.

THE DIRECTOR-GENERAL
GHANA CIVIL AVIATION AUTHORITY

KIA - ACCRA

THE MANAGING DIRECTOR
GHANA AIRPORT COMPANY LIMITED

KIA - ACCRA

THE CHIEF EXECUTIVE OFFICER

SOUTH AFRICA CIVIL AVIATION AUTHORITY
CAPE TOWN INTERNATIONAL AIRPORT
SOUTH AFRICA

ATTN: MRS NTHABISENG MALUMEDZHA
ACCIDENT AND INCIDENT INVESTIGATION DIVISION (AIID)

THE STATION MANAGER
SOUTH AFRICA AIRWAYS
NESTER SQUARE

ACCRA

THE MANAGER

PUMA ENERGY

1 AIRPORT SQUARE BUILDING
ACCRA

THE HEAD

ROLLS ROYCE PLC
P O BOX 3, FILTON
BRISTOL - UK

THE HEAD

AIR ACCIDENTS INVESTIGATION BRANCH (AAIB)
FARNBOROUGH HOUSE

BERKSHIRE COPSE ROAD

ALDERSHOT

HAMPSHIRE

UNITED KINGDOM



8. THE HEAD
HERMANN-BLENK-STR. 16
D-38108 BRAUNSCHWEIG

GERMANY

Ce:
INVESTIGATOR-IN-CHARGE, AIB
EXPERT, INVESTIGATION DIVISION, AIB



APPENDIX 3: SAFETY/OCCURRENCE REPORT

Aircraft Accident and lnvestigation Bureau

From: Gloria Yirenkyi <gloriayirenkyi@Flysaa.com>

Sent: Friday, 13 May 2022 4:10 PM

To: Aircraft Accident and Investigation Bureau

Cc: Kwame Mamphey

Subject: REF: AIB/2022/04/14-15/SINCID

Attachments: AIRCRAFT ACCIDENT REPORT.pdf; report_67416_1652429335.pdf; 67416 image
d39a91e9 jpg

Dear Mr Akwasi Agyeibi Prempeh,

Please find attached the Safety / occurrence report request by your letter referenced in Subject and dated 10°" May
2022

Kindly acknowledge receipt of the reports attached for feedback to Head Office.

3rgds

Gloria Wilkinson Mensah | Country Manager ( Ghana) | South African Airways
1* Floor Nester Square, Airport City — Liberation Road Accra, Ghana.
Fmail : gloriayirenkyi a.com Mobile : +233 (0) 244 344585

\ v B

— - B
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Regort #67416

SOUTHAFRICAN ANDWATS

Kind of Report : Hazasd

Ares of Occurrence = Hazard (Flight}
Type of Occurrence : Hazard (Flight)
Event Classification : Hazand {Flight)
General Information

Please define your name

Reporter : confidential

In case of an anonymous report please enter "Anony mous’

Flight Details:

Date & Time of Event (UTC) : 2022-04-14 22:00

Flight Number ; conficdential

Departure : ACC

Destination : JNB

Diversion :

Airport of Occurrence : Departure srpon

Alrcraft Registration : Z5-5XM

Aircraft type : A-330-300

Manutacturer : AIRBUS

Flight Phase : Re-Fueling

= Hazard -~CONFIDENTIAL=- Print Date: 2022-05-13
Repon #67416 Page 1

Repon Status: In Progress

Primed by: Kanm, Mariam
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‘\ Repart #67416

SCUTH ASRICAN Atnwars

TR AL LK MR 0

Crew Information

Crew #1

Crew Member 1: confidential

Position : confidental

Pension ¥ : SBHE7BK

Crew #2

Crew Member 2 : confidential

Position : confidental

Pension # :

Crew #3

Crew Member 3 @ confidential

Position : confidental

Pension # :

Crew 84

Crew Member 4 : confidential

Position :

Pension ¥ :

Report Text

Incldent / Hazard detalls

& Hazara ~=CONFIDENTIAL--
’Q Report #67416
Aepoet Status: In Pregress

Prim Date: 2022-05-13
Page 2
Printed by: Karim, Mariam
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SOUTH ASRICAN Atnwars

oYM AL LANEE M URER 0t

Repart #67416

Crew Information

Crew #1

Crew Member 1: confidential

Position : confidental

Pension ¥ : SBHE7BK

Crew #2

Crew Member 2 : confidential

Position : confidental

Pension # :

Crew #3

Crew Member 3 : confidential

Position : confidental

Pension # :

Crew 24

Crew Member 4 : confidential

Position :

Pension # :

Report Text

Incldent / Hazard details

= Hazara ~=CONFIDENTIAL-- Print Date: 2022-05-13

-Q Raport #67416 ~ Page2
RAepoet Status: In Pregress Printed by: Karim, Mariam
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SOUTH ArRICAN AIWAYS

AN B DAY

Repon ¥67416

Report Text :

Parked at 01

Waited for about 35 min for 3 truck to arrive,

Tha initial fusling tralfic arived, and then left, A farge bowsar subsequently arrived.
Reluelling started about 20 min prior 1o departure time,

Within a couple of minutes into the refuelling process, initially an AFT TRANSFER FAULT
triggerad. Thareafler ai fuel quantities went amber X and refuelling stoppad.

In consultation weh the travelling tech both FCMC's reset. Retuelling started once agaln, and
again the guantities amber X and refuelling stopped.

A second reset lollowed with the same result.

Two further resets, now by CB in the EE compartment, same resul,

Tha aircralt cown powsred for 5 min, thareafier same result.

In consultation with OCC and MCC, downpowered for 10 min,

Tha craw and enginear consulted the AMM and MEL, ran diagnostic tests of FCMC, to

establish a prove was causing the fault. Checked the probes for capacitance and oonsic
draining fuel to check tor water.

The fuei suppher did not have access to a drain, and torrowed one from KLM

The atached photos show the initial samples, showing all water along with bugs a sadwmeant.
Containers{258) taken from aircrafl, Approximately 200 litres from each wing drained. At this
stage fuel ndications stabiksed. Refuslling resumed Irom a hydrant. During the process the
APL shut down, with one start attempt - unsuccesshi. Al ths stage orew were within 15 min
of the target time for daparture FDP exceedance having already used 3 hours discretionary
time.

Night stop called.

Secondary craw sent to hoted to start required rest pariod. Primary crew managed
disembarkation, hatels, customs and arrived at hotel 3 howrs subsequent.

Aircralt departed as SASDS3 with secondary crew having completed 2 full rest period at hotel.

Photo 1: [ i1650187612832.ipa |

Location of the Hazard: :

ramp

Potential Consequence of the
Hazard: :

water freezing inflight causing fuel pumps into low pressuce state.

Recommendations / Suggestions to
Rectify the Hazard: :

Audit refueling company, even 4 it's 2 temporary comparny,

Hazara

Q RAeport 467416
Report Status: In Progress

«=CONFIDENTIAL=- Print Date: 2022-05-13
Page 3
Printad by: Karim, Manam
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APPENDIX 4: PICTURE OF THE 20 LITRE CONTAINER
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APPENDIX 5: SAA INCIDENT INVESTIGATION REPORT

"N MAINTENANCE STANDARDS
AND AIRWORTHINESS
AIR/CQAJINV-001

Rev 25 MAY 18 SOUTH AFRICAN AIRWAYS

INCIDENT INVESTIGATION REPORT

Part 1: Information Data

Reference Number: AIR/CQA/22/A330-72-001

Date Compiled: 2022/05/27

Subject: Excessive Water/In-flight engine Surge/Microbiological
Contamination

Risk Severity: Before Incident: 3C
After Incident:. 3C

Assessment risk

Suggested criteria index Suggested criteria
Linacceptable under the
SA, 58’ 5C, exisling circumstances
4A, 4B, 3A
Accoptable based on nsk
Tolerable region

matigation. It may reguire
management decisson

3E, 2D, 2E, 1A, i
1B ,1C, 1D, 1E
Flight details:
1. Flight Number: SA09053
2. Route: ACC-JNB
3. Aircraft Type: A330
4. Aircraft Registration: ZS - SXM
5. Date of Incident: 2022/04/15
6. Diversion: NO
7. Delay: YES
8. QA/6 Ref. No. N/A
9. TL/3 Reference Number: SXM100007080

Reference: AIR/CQA/22/A330-72-001 Page 1 of 8
A STAR ALLIANCE MEMBER %7

9
CONFIDENTIAL



" N MAINTENANCE STANDARDS
. AND AIRWORTHINESS

AIR/COA/INY-001
Rev 25 MAY 18 SOUTH AFRICAN AIRWAYS

Abbreviations:

JNB Johannesburg

ACC Accra

TL/3 Flight & Defect Folio

TL/12 Flight Crew and Technical Irregularity report
AMM Aircraft Maintenance Manual

W/O Work Order

TSM Trouble Shooting Manual

AMP Aircraft Maintenance Programme
APU Auxiliary Power Unit

MBC Microhiological Contamination

ECAM Electronic Centralized Aircraft Monitor
FCMC Fuel Control and Management Computer
IAW In Accordance With

MOP Manual of Procedures

OEM Original Equipment Manufacturer
MCM Maintenance Control Manual

AMO Aircraft Maintenance Organisation
FDC Flight Deck Crew

EL Flight Level

PFR Post Flight Report

NDI Non-Destructive Inspection

Reference: AIRICQA/22/A330-72-001 Page 2 of 8

A STAR ALLIANCE MEMBER ¥,7
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S MAINTENANCE STANDARDS
AND AIRWORTHINESS

AIR/COA/INY-001
Rev 25 MAY 18 SOUTH AFRICAN AIRWAYS

Part 2: Reported Information:

A) DESCRIPTION OF INCIDENT:

On the 14™ April 2022, during the fueling of SXM, the APU had an auto-shutdown
and auto-fueling stopped and the fuel quantity indication disappeared. As a result of
troubleshooting, it was discovered that there was a large amount of water in the fuel
tank. The water was drained and the fuel indication returned and the aircraft was
auto-fueled as normal and subsequently dispatched. Refer attachment 1 and 2.

On the 15™ April, en-route back to Johannesburg the # 2 engine had a stall pursuant
to a fuel pump low pressure message. The engine was not shut down and the
aircraft flew back to JNB with engine thrust being manually controlled by the Flight
Deck Crew. Refer attachment 3 and 4.

Upon arrival in JNB and as a result of the in-flight stall that was recorded, analysis
and inspection actions were taken. Through these actions, it was confirmed that
microbiological contamination (MBC) was in the aircraft tanks and fuel system.

B) FACTUAL INFORMATION:
1) Pre-incident Maintenance and Fueling

Preflight Maintenance- Johannesburg

On the 14" April prior to flight SA 052, a Pre-flight Check and an ETOPS Check
were carried out in preparation for the flight. During fueling, 38,644 litres were
uplifted which equated to the total fuel on board being 42,27 tons. The shutdown
fuel after flight SA052 was 9,04 tons. Refer attachment 5

Preflight Maintenance- Accra

When flight SAD52 came into Accra at 21HO7, the aircraft was to be fueled and a
Through Check carried out and signed off in preparation for a 22h35 SA053
departure.

According to the Technician who was handling the aircraft, the following occurred:

“The Fuel tanker arrived at the aircraft and | requested a standard check for water
in the fuel tanks of the tanker, which showed a negative result for water. We
started refuelling the aircraft and shortly after starting the fuel quantity indication
on the aircraft side became erratic. The aircraft automatically stopped the
refuelling procedure. | then lost all indication of fuel quantity in the aircraft.

Reference: AIRICQA/22/A330-72-001 Page 3 of 8
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During troubleshooting | came to a point where | checked for water in the tanks of
the aircraft. | removed a sample from the lowest point of the aircraft tanks. It
indicated that there was a lot of water in the tanks. | removed all the water from
the aircraft fuel tanks. All indication came back normal on the aircraft side.

| requested another water check on the fuel tanker and it also came back negative
for water.

The Captain in charge requested that we do not use the fuel tanker to complete
the refuelling procedure and we connected to an underground hydrant using a
different pump unit. | again requested the standard check for water on the fuel
supply from the hydrant before commencing with refuelling the aircraft. It was
negative for water in the system.

Auto refuelling procedure was completed with normal indication on the aircraft
side.

A water check on the aircraft tanks by taking a sample from the tanks after the
refuelling procedure indicated a small amount of water which | also removed.

All fuel quantity indication remained normal and stable.”

The aircraft was fueled from two sources, as follows;
1) Puma Fueling Tanker- 11,668 litres.
2) Puma Underground Hydrant- 31,587 litres.

The total uplift in litres was 43,255 litres which equated to the total fuel on board
being 40,38 tons. Refer attachment 6.

The APU had the auto-shutdown and there was also a fueling system auto-stop
during fueling while using the Puma Fueling Tanker. Refer attachment 2.

2) In-flight surge/stall

On the 15" April, en-route back to Johannesburg, during the cruise phase of flight at
20H00, the following message appeared on the ECAM- FUEL R WING PUMPS LO
PR.

Reference: AIRICQA/22/A330-72-001 Page 4 of 8
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At 20H18, the following message appeared on the ECAM- ENG 2 STALL. Refer
attachment 7

The FDC reported that they descended to FL200 in order to maximise gravity feed
on the #2 engine.

3) Initial AOG Maintenance

The following were the finding of the inspections and analysis tasks that were
carried out;

1) The samples taken from the fuel tanks revealed “Heavy Contamination”. Refer
attachment 8 and 9

2) The fuel filters that were removed contained MBC. Refer attachment 10

3) The visual inspection of the inside of the fuel tank after draining showed visible
signs of a brown sedimentary deposit. Samples collected and analyzed revealed
that is was MBC. Despite the presence of the confirmed MBC, there was no
evidence of any foreign material found to have clogged the fuel pumps. Refer
attachment 11 and 12.

4) The borescope inspection of the #2 engine revealed no damage nor foreign
objects.

Part 3: Analysis of incident:

Excessive amount of water drained

It can only be speculated as to where the approximately 400 litres of water had come
from. As the maintenance record reflects, there was a weekly check carried out 3
days prior, 3 fuelings, and 3 flight legs before the in-flight surge after the Weekly
Check. During the Weekly check as per maintenance requirements a fuel sump was
carried out as equipment, manpower and downtime were all available and no anomaly
was evident.

Fuel Pump Fault message

There is a possibility that the cause of the fuel pump low pressure was ice that formed
from the residual water that had precipitated and frozen during the course of the flight.
This is supported by the fact that at the time when an internal inspection of the tank
had been carried out there was no record that the pump was clogged or obstructed
in any way nor did it need to be replaced as a result of failure. Further to this, there

Reference: AIRICQA/22/A330-72-001 Page 5of 8
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were not any prior defects related to the pump nor since the aircraft has been flying
after having been restored to service.

In-flight Surge

As revealed by the engine OEM, the reason for the surge was "unstable fuel flow". At
the time of the surge the fuel pump had been low pressure and the supply switching
into gravity feed to sustain the engine. Refer attachment 13

When the fuel filters were removed and visually inspected, they were found to have
microbiological contamination.

In line with the evidence that had been gathered it can be said that the engine fuel
gravity feed situation at normal engine power, coupled with the presence of
microbiological contamination in the filter impaired the fuel flow and caused the surge.
The reduction in power and altitude enabled the engine to stabilize at the impaired
gravity feed rate and no further surges occurred.

Part 4: Conclusions:

a) Findings as to the cause:

It can be stated that the reason for the in-flight stall/'surge was erratic and low fuel
pressure as reported by the engine OEM. The origins of the two possible contributing
factors cannot be definitively traced nor pin-pointed. All compliances, processes and
procedures were carried out and proven to be in order. It can be stated that this
occurrence was indeed an isolated incident.

b) Recommendation:

It is the recommendation of the Operator that fuel uplifts away from base only be done
using hydrant fueling. In exceptional cases where hydrant fueling is not available,
thorough inspections must be done and conformations be received regarding the quality
of the fuel supplier and tanker.

Part 5: Attached appendices:

Attachment No.

Document name/no.

Brief description

TL/3 SXM 100007077 Fuel indication lost/ excessive water drained

TL/3 SXM 100007078 APU auto shutdown during fueling

TL/3 SXM 100007080 Fuel pump low press/engine stall in flight

TL/M2 SXM dated 15 April | Fuel pump low press/engine stall in flight

(] F=N [V R AN N

TL/6 SXM2033 14 April fuel uplift in JNB

Reference: AIR/ICQA/22/A330-72-001 Page 6 of 8
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6 TL/6 SXM2034 14 April fuel upliftin ACC
7 SXM Airman PFR Real- time report
8 GT/92G Sample Report Tank sample NDI analysis results 20 April
9 GCT/92G Sample Report Tank sample NDI analysis results 25 April
10 Fuel filters pictures Stripdown/ disassembly pictures
1 Fuel tank picture #1 After draining tank internal visual inspection
12 Fuel tank picture #1 After draining tank internal visual inspection
13 Rolls Royce analysis Email trail and engine performance graph
Report compiled by:
[7AN)
et
\ \1 Date: 2022/06/03

Name: John Nicholson
Title: Specialist
Tel: (O)+27 11978 1608
(C) +2783 419 8533
E-mail: johnnicholson@flysaa.com

Recommended by:

M Date: 2022/06/09

Name: Rakesh Deeplal
Title: LEAD: Maintenance Standards and Airworthiness.
Tel: (O) +27 11 978 2967
(F) +27 11 978 5660
(C) +2784 515 4753
E-mail: rakeshdeeplal@flysaa.com

Reference: AIRICQA/22/A330-72-001 Page 7T of 8
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Approved by:

LW, Warastéhe Date: 2022/06/10

Name: Prince Mereotihe
Title: Manager - Flight Technical and Maintenance Standards
Tel: (O)+27 11 978 3031
(C) +27 60 583 4737
E-mail: princemereotihe@flysaa.com

Reference: AIR/ICQA/22/A330-72-001 Page 8 of 8

A STAR ALLIANCE MEMBER ¥,7

16
CONFIDENTIAL



ATTACHMENTS (1-13c)

APPENDIX 5:

g > e e
owd
0 aj3|nly A
i 0 ED eSS M EN BN EPR ™ ; 4_,
K : 3. ,
x.vu n i "n
b 1%
o
o = m_k.
j bl
—_— o
o
Q..:..:m-..smuu_eu-< — = H
m [ oyt P0G Al oy | LAY D4F14Y3 :_.., sved 0 MR ﬁ
= BYCTTY | Rl ts ¢ _
- IEEEREET |
e e [=]=] vzoree (CCE ~F.,.
ol wonvod | NG y91 5901 woruv il
)& - 013- 99- L J-h2 ¥l WHL A muwé:z«s*

1 [l

_.34 42 TTSy) VIR WLl 00

et
<)

Y woys NIRTAWYY

T Za B R b e PR I IVl LY 11 3‘ 5 150 T 5)\& V- N.Nao.& cblA\ ¥ Wil AAL- 044«. 8
) ..\.uéh. AT N7V 2 e | WA > 551977 A\E“Azﬁqﬂﬂ:
L gNE g . YA vk I I3

TS TS TR0

Attach ment 1

X TorAy

- — 7
Lo s Lyg  (udh wWiyh 1= dtxur:ﬁi
Ry YOTSITRE Il L /A :.Evg ST NWTTEMI Y A0 LS A _\dl el
L ZO_EEumwc bmumm ._.z_d_zm 107N
[ } J |3 i T I
o CUIOTE N I S| Irimarei v £ A | I R 7 _s:ea. W] g
oo Jstermiiy N[ sswd s JWainn / 1aL aswo [ | mw [ sl
= y = u - - SEVOV 5 0110478 GNY GHABORTM SNOERRVA |
10 E
v:t.xv’q “”.N._wn_.‘ vy :
,_ _F | [ swast| MGl
Ju e T _ =] .”“M.,ﬁ SO .08 I :5.:.2553:.
! £ 10 Ny 230w N0 k
| .Eh_\___ﬂ«._lﬂmu M RIS rio Son .94 K304
.L!: . D -M..\m.m.z..: =L 3 10m
TR WD SONY T ::_. 85
Db A H — w0 108 Tvae
| _= llr rLl' = i w0t REE NN
_ L

’
B

17
CONFIDENTIAL




W ORI LRSI S g e ‘- it _
X N J i «- ‘ P ; = P .,”,, (
A e e bl e Hr : y‘. . :
¥ o | - -
: o P —1r = 7] ;
. b n. % ’ a [ r.- ¢ g ..\.
- YN 4 v H
i T T || e - -
T . N Aty vens <5 ¥ :
z S, &Wuw. A o s o i ‘
ST e T 3 P iy T f i e . -
= ._‘.\Wu t...n,o PR N »r.’.u.k .-,..c. WM e e E s : m T
"o 53 -V * ETa 2 ] Y S A8 7 s
: 9 e ff.p\ <y y ¥ A = — FM 1 I s WL vei 5 ﬂmﬂﬂ - - X
v ’,- k3 N R e N T A S e | it 4 B
L R b L) T b 2o o [ DL BRI A feasnsniass. T L AR
R oGS - [ (=] MCEIENE TN 2] .w— u_. e‘— u_a ¥ v .
TN P i i wan E
i i
H_, 4 BV AL weerac g
W . | e LM EALS 7 ) S LS QWY BN -

— [

] ._.e

= SR S e

e s A e _ My se0l)

{A34/434 IWANY

AW 7 TP TIIYy LI EYIT

Attachment 2|/
il % 15

NOLL

I ANeLag s

AL O]

Ty

T I

v A

3003

vl 10V

M # M «:..Sw. _ NOIAY¥I530 123330
_ : aﬂlg T usemiel ] _3:. i

L é.\..\... A T
Ll.*ctl. .. ol r‘.: i mY..n..».?b "3 N1
" .. _ L) dmnaur { - . .
% B s e g i _
— ! _ ﬁ .4 s I B LAY — PR

T TS DTS 7 HETES TS S Gl B8 mumm-w WA i 42y EIVEINY I 40 st Y 0 AT QWSS DA e a3 (P3P

" pah YUY L1 AL 0 WL NP 1IMS DT | ~ . . \ s ALY _

5 AR IS TS S LR R R e ) 7 Vi |

. o [ 2oL UL

* B
x—ﬂ\:&Wr..c AT PR L— - i - b "Il calisiit a _ «U_ .U~ " .L MA_

T Y T T T 2 i i

oIV

18
CONFIDENTIAL




o] i e e’ Tt e

R T - ) — T Y [ £ -
oG SRR I I I R A R T S I iy - )
VT ) v B L) B ., . i
foml dtwiigarins | e R T Iigs rvzw.!- =T :
| e 4 (AT BEEEREDE! o
i e B ] B e D O GRF S/ IR N F 3 Lty
v s oo 3 S N SR é L .
L — —_—— — e Ay s o~ P
, - AN 2\ 7 = 8i8s % =
- ——————— A= gl
‘ P i : — T 7 =
| S < G
. ‘ Wik g NGRS { s |
> b . - — 3 — P L
s I o RS T N | S m\\td?.a y . ViTARLEALL = AL, it m.\d
L e M S B e wiwl i fodagofedalslals iy eﬂ.ﬁs
x AL P et S T Sa -

L LT | e s ||

i é Rl

(i 1 e e [ A ) Fas BT
TS o | M e N I i 1sers sy ] wouranlary V3 K -

g - [ r ! ™ = ooy S0y Ly
: 1 e ﬁﬁ.__?‘
5 i A4 S o S | L e
v et pegey | bwwa | buawr | w doat] sl Tren( oo i

oo S SRR : : : . = ELIEELAAL
. 3 .4 - =

— 4 |

5 e

R m T

L h he

Q
.. m 5\

TG
(A e )5
[TV

~7. Lﬁ )7_

\ R4 :

a%—TK AV et 2661:/.72 GH A =0 Y .
\.Dérw X Ol

7 o\w.» iy SRS 3003

Sl et NOILAIBIS3T 103430 INwC] 10
T | (DG [ meeni BT somueilt) AT : b . | oL ) Tores [T

: = f BC Vo i, L on g ) | e ] e
: VAR o = T o ﬂ e v 1 : . '“onw.n | o i g ey s
AT R (] G -1 e i _ . _ YN (g
Au@ _ 0 — _ | “‘ﬁmﬁ i ¢ { S COCTINNID du % prp——
-SE.r.- W.QI—L ok G TR ) .0} L |~ le Mﬂmﬂr ﬁ nn ~ ; T i ’ AN vﬂ.ﬁ!. 14 AY D0 f VAL v .-.&v;wc.!., s
31 0 LLithan wts 3 Jw&
3z S

M -

T \ [ O] sy o [T B3|
% e o i - el m.w‘mulhd woull % o} ..(m v
P4

|8
=St
Wi E:..Zrnwa‘..:f P D e \qq

T AR EERE RS

. ...“.tn,i mw‘ﬁﬂ l..!ts Y u,.ﬂ ST0Z wvee 4

pra T OWY 01104 133430 '8 1HDITS

19
CONFIDENTIAL




+ iy B =] OE 30 ADMEEHINE O LyaIaR] AnEEng W

L, KL FOILDY NSNS B
Whﬁmvntilﬂuca-thiu@lj
ey PN ALILAWEE SN 4 o ! W
i - (R e, Euuu-rﬁEa En_ﬂ.__.__n...EEh
AN R0 3R T Rcl Y
SANTOSHNEDE T (EErL ) MMDOLNHE JHDsE T o pre
BORYLBEENY THOHIGM AT SHTR CEFNGEDERN D Em:mmn_r._m"m:a i uu._.i!..m!nﬂ
W I S e TV HCILYLS Sl a3 D33y @ E:H.s.!:ﬂ
MOUYTETWAS ADHETRITNT B Y QiU Y " I8} LDy E.H_n_:n.ﬁm
s w0 o oo BlIEL mRnas
b LY PRI U D
. s = ST VO RA TR T TN | auneu S aaunigs m_._.m,.__
FbLROL B EHOHELRCEY LB
ROMLSL O Bl 8
‘L ETY ETHIHER £ =
i

B
3 o w T

A Y LNEICHRE] DA BB K0 B A0 T T MOH D403 58 | IRORVHISN ERIRCH LERISE H LE

TP Tocivhd 1A S0 SR MOLLWDOT L090E 1o - : . TALERE Lives 2
ihﬂﬁtﬂu W BAED
WO WML D Y ALNGH WF 2K L
ELEL B R E e b T T
WAL DR sHin B o ek
] LY

WENCRES MY £33/ ivas AEANIFTIN ¥ 1151 kN LOWEH 1

Gﬁﬁ.ﬂﬂgﬂ% byt S ec it EEEE T A T npiiwang I I SEHS D% 09
mz.amﬂmmm LM Df

PSR LT

L) TV B 03 "DS 0 RN T

OEHER N ST A QL ITIHVD G
ﬁ*mm I OO T WOl THHHOAL D
DM LU (2
I T IR SR B D
ST |23 P W0 0 v e HEBhEEETE 01
. e e S I AR I

...__._n__.__mm [SHMOULOSE SEYTHA DAY SHL A0 3 LS 1B 00

20

R FIDYVTHLS ENd 0 A0 LS ADHAND HH LH3AEDIW L) S-S LSDININLH ST o SHIHLSOHRE D
b AWSICNE N SRIOMYT LHSIFAEEAONEYH W SINYELENLS Xed FOWLOEYE 'S TN ‘BN3 8
HLYEES3N T A3H0 T HIVSDSSEN T XYd & BER VAN 0 Ta S HISN W

AL INEEHEI B2
T R nﬂg B
40D Ew&fﬂ@ﬁ
HALSIN HEIE 1138 1vE5 08 HOLIONDD 238 6L ‘gL
foruyg o Gugl} (How 2o 2wl
NN 9t OTSdEuV § TR SNl v s e
£t B 7 YT

EamiL THIHM OaEdTo00 0F  JOLS SLvEIaER LN 6 IR e

CONFIDENTIAL

N A A e © WYOMWH HOVDBddYT SWTONHOIL'H  NIDVL 4 BSNMD 0 MoveMsnd B _
OFedvd ¥ INSIE3CY INOGWL'D DNMONVI 3 BND D Ay v 55V 4

HENII0 40 NOLLIRIDS30 L XVl LIS Gl ol -0 EStpuws  MOLReG
| BNE03d VO HOLWHGMD 9 VigHoy 8 WIE 450 v Fdil O ® oML @ 30wd L |
OO -850 isaooswwanoy | BEO MAS] SAP 35w waine saindmooias | w053 | WXS'J3H 9811

+ ONY 1HOd3H ALIHYIND3HH] TYIINHO3L ANY M3HD LHOINd  @osenv-aad 211




5 b il : -4 '» .l i ,.,; - | & o.' ol < L.
L2 EEN ‘g’l gt lilne s e .,«‘,".EJ ?:‘l{:— A% 5 ol od
T 5 \—"': e Y 1“5: KY :-_- ] b T W T T TE ’F ,A.
ERTASBE 53“4'5% PSR 43"‘ 8 _G:'}?_F {3 ’”’3&5 N
} & ',_‘: é“.': . - \ . {, ) J - it b .
: 3..'_’ r."«f"‘ A USRS ‘.I,u_iv_‘-- : At "t‘ ) _L,}ﬂh‘ S
Py b -

B3

> &
’
- ."
i
A e
v
| it
S =

&&km-. ~;-.~ ..
,....&‘%‘. = :z‘.._-

oo

21
CONFIDENTIAL



=10

ﬁi,g Attachmen{ 6

-1 ‘Pv-(‘

"“'L‘ =

1
1
= "«I. -‘-'lxuix:i‘

1
LA %)

22
CONFIDENTIAL



[yne]

% [VZ 233 SILLVLS SONVNAENIVIN) 1T6L LT - T v gl USINED 90
L]
% 02 D93 SNLVLS TINVNIINIVIN] 1260 L00T-TE v 6 ASINHI90
RCEE O CERER 4 ((SNsLob-Ta) MS 471 1aN3 £ (830506-TT) dWNd TAN] V2033 BHZIEL  LE0T- T4V s) A5IN¥DI90
[noe)
[T 00O OO G SEARK] [4d O SaWNd ONIM ¥ 13N} 18T 0002~ To 1V §1 AS1N¥D90
PEERT 1 [ZVOTTIH ZaWNd NIV T30d] 10D 151280 00:0T = T2V §1 ASINUD-90
[yne)
X - {110V 34X L3y Bndl LZ8T 00T TV sl ASINED90
Tnne]
R rnNae e e 1 HZu0Z) HSNS WL ML UNI TANS) 10WDd SI6HST  £E61 - TZ IV §I ASINED 90
{nne]
 IXIR S Re 1 {(arzhaaANMd) SdY TTiesr  LEwr-Tev sl ASINED90
[nnes]
x | USQ9IAV N4 1SUID SFLST  LBSI-TTHV Sl LHVIS ONI-U0
: (1)
© XXX { {IOSTINXM /SOR N1 (1a40INYIaY]  TNXM  PECIPE  LUSI-TEH0W S LEVIS ONIFTO AMLILITS
e _ [yns]
m | . L ZATERRLCEERL 1 [LEMMNAINT ATdNS HAMOL]  TOWA ooowe  SUSE-TZMV Sl LUVIS ONGT0
() [nns]
& AR YRR i HELMTEOWANTSNIOWAIE]  €OWA $E5ZTL  TUSE-TTI0V Sl ANVISONITO
£L [ime]
= URREERNER 1 [SNOUM-230033) SV $EITEL  (ESI-T2MdVST  LMVIS ONIT0
= liine]
< 0 | HaOTL) LIS Bhd ATH] S4V DOERZL  LOGE-TZHVST  LHVLS ONITO
(s}
R dwalibi ’ 1 feniton) 11Q AXWE) 191D SAd)  ISGID PEESET Lol -TEUOVSl  LMVIS ONITO
fine)
Prfsesa . ! 18231 SAV 0O0ONT  AOSI-ZTMV ST IMVAS ONIT
oy o fipepy npil MU0 e MUy dmes VLY sui ) neq g Jupgaedy ey
AVL MVESWO
65-0C - ¢ MV St s e e HNI oL
801 - 2TV S1ff g 1oy Al 20V o)
XS-SZ)| a1 2| £506VS)| Saqueny 5Bl 0 al
PTEE(RULTE LTI

TIOTPRIGT Spud

23
CONFIDENTIAL



Attachment 7b

A wanny  Adojig

X
"

Saugwjjj diwarEmisy e

[rin=}
[0E LN N0 S, M T3NS E2NDd ITErEL
[mas]
[WALISAS HOISTNAOEA] WEDF3  DOnolL
[T%.1s T onal oolL
L RuRag VY

g - o Kv 5l

100 - 22 Y gl
#lof - Iy 51
TR TR

ASINEI-An

ASINEI0
ASHTED 20
gy

AONIUH1II0
AINEENID0
Bupgama) preg

24
CONFIDENTIAL



Attachment 8

[GT/92G “EOUTH AFRICAN AIRVIATS - TECHTGCAL
NON DESTRUCTIVE INSPECTION
REV.: MOW18{3) REPORT ON BACTERIOLOGICAL /MICROBIAL
AN 1 TYPE ANALYSIS

] 1. TO SECTION/COMPANY: Meinlenante Planning, Engineering,

COMPONENTIAIRCRAFT LOCATION: Fuel tanks

DATE: 20 Apr 2022

COMPANY ORDER MUMBER WA

JoB accounT NuMBeeR_MA  wpi peFERENCE NUMBER 1297
INSPECTION TYPE (LABORATORY): _Microbiclogical contamination analysts
AIRCRAFT TYPE:_ Airbus REGISTRATION: _ Z5-5XM

RESULT OF TEST: Fual samplas received fram Z5-5X8 estad AW AI30 AMM

Task 12-32-28-201-812-8

Subtask 12-32-28-281-061-8, Para 4A{1)(a}

The test revealed a Heavy contaminafion 1AW A330 AMM

Subtesk 12.32-2B-281-062-A_ Fara 4B[2)(d)(1)

MICROBMONITOR 2 (Lol:2£0621414-1)

RECOMMENDATION: Fleasa daihe procedure removal of the microbiological particles fram the

applicabla fiel lanks in I8ss than than 10 days from the sbouve date LAW 4330 AMM

Task 12-32-28-281-812-8B

Subdask 12-32-20-281-086-A, Para SA{3)(c){1N2) Rev 46 Apr 01 2022

hiote: The samples started showing heavily contamination wilhin 24Hours of incubation.

| heraby cenify that in camylmg out the work specified above, afl conditicns prescribed In the Regulatory Aulbornity
Regulalions which are al;glwﬁn iharata, have been cornpled wilh.

o
Analysis done by, P Radebs Ident. Stamp: Cent. Stamp: (@J
Seniar hﬁpmnM

2. TO:

ADDRESSEE'S ACTION AND/OR REMARKS:

25
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Attachment 9

_G'fmz,g SOUTH AFRICAN MRWATES - TECHMITAL
NON DESTRUCTIVE INSPECTION
REW.: NOVIB(3) REPORT ON BACTERIOLOGICAL /MICROBIAL
AMD 1 TYPE ANALYSIS

1. TO SECTION/COMPANY: Mainienance Planning, Engineering, Tech Ops
COMPONENT/AIRCRAFT LOCATION: Fusl tanks
DATE: 25 Apr 2022 COMPANY ORDER NUMBER__MA

JOB ACCOUNT NUMBER__NA MDI REFERENCE NUMBER 1302
INSPECTION TYPE (LABORATORY); Microbiclogical tontamination analysis
AIRCRAFT Typg:_ Albus REGISTRATION:__25-SKM

RESULT OF TEST:  Fuel samples received from ZS-SXM tesied AW AT30 A
Tazk 12.32-28-281-812-A,  Sublask 12-32-28-281-061-8, Para 4A[1){a)
Subtask 12-32-26-281-061-B, Para 4A{1){a)

The second test confirms microbial growih as Heavy conlaminalion LW A330 AMM

Sublask 12-32-28-281-062-A, Para 48(2){d)1)

MICROBMONITOR 2 (Lot:240821A14-1)

RECOMMENDATION: Piease dothe procedure removal of (he microbictogical parfictes from the
applicable fuel tanks in less than than 10 days from the above date AW A330 AMM

Tashk 12-32-28-281-812-B

Subtask 12-32-28-2081-086-A, Para SA[INe)1 )(2) Rev €8 AprO1 2022

| hereby conify that in canrying ol (he work specified above, all condiflons prescribed in the ulatory Awiher
Ftcglmuna which are mu?ﬁuu therelo, have been compliad with, e e

Analysis done by:_P- Aadebe et Stamg:; Cert, mm_@_

Senlor Inspector;, W@ffg

S 0
ADDRESSEE'S ACTION AND/OR REMARKS:
MOTE: Fuel flar was tul opaned end the was brown residue (hal was found Insids,

Please see the altached photos
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APPENDIX 6:

PUMA ENERGY INVESTIGATION REPORT

AIRPORT REFUELLING INVESTIGATION Doc No. AR 122
PUPTRE == Rev 3
“Safety First
DATE: COUNTRY': AIRPORT DEPOT:
I 14-15 April 2022 Ghana ACC
Aircraft scheduled arrival time: 21:05 Airline: South African Airways
Alrcraft actual arrival/on blocks time: 21:08 Flight number: | SA052
Aircraft scheduled departure time: 22:35 Aircraft type: A330
Aircraft actual departure time/off chocks:

FUELLING ACTIVITY

Fuelling equipment used: RwvO1 / HDO1 Fuelling start time: | 22:11
Requested fuelling time: 21:60 Fuelling finish time: | 03:00
Equipmeant in position time: 22:05 Ticket signed time: | 03:03
Equipmen! connecting time: | 22:10 Quantity uplifted: 43,255

Comments:

South African Airways flight SA052 arrived at ACC at 21:08 on 14 April, 2022. The aircraft taxied
to Delta bay 1 and was chocked at 21:14

Fuel was requested at 21:50 and Refueller RvV01 was positioned under the right wing of the
aircraft at 22:05 with all connections completed at 22:10. A Refueller was used for this fuelling
because the parking of the aircraft did not allow access to the hydrant.

Fuelling started at 22:11 but after pumping about 600 liters, fuelling stopped abruptly.

The shift supervisor did some troubleshooting and realized there was no problem with the
fuelling truck.

The fuelling operator did a chemical water detector test on the fuel sample from the refueller
and the result was negative.

The Shift Supervisor then informed the flight engineer of the stoppage of flow and suggested
that the flight engineer checks from the aircraft.

The flight engineer informed the Shift Supervisor that there was a problem with the fuelling panel
and that he will reset it from the cockpit for fuelling to resume

The Engineer completed resetting of the fuelling panel and requested for fuelling to resume.
Fuelling resumed around 22:25 but fuel flow into the aircraft stopped again after pumping an
additional 1,300 litres.

The flight engineer then did some additional checks on the aircraft and requested fuelling to
resume but again flow stopped after pumping an additional 500 litres.

This process was repeated for about 4 more times until a total volume of about 6400 litres was
pumped into the aircraft at about 23:00.

A new shift of Puma refuellers took over the fuelling activity at 23:00 and the new shift supervisor
was asked to conduct another chemical water test on the fuel sample as the flight Engineer had
observed a water indication on the information display panel inside the cockpit.

The supervisor completed the water test and the result was negative.

The flight engineer then drained some water from the aircraft's water drain points and also did
a reset of the fuelling panel at about 00:05 for fuelling to resume.

Fuelling resumed immediately but stopped again after pumping about 2600 litres.

The engineer continued to drain some more water from the aircraft's fuel tank drain points and
asked fuelling to resume but again after pumping about 2700 litres, flow stopped.

A KLM ground technician who was invited to assist with troubleshooting also conducted a
chemical water detector test on the sample from the refueller but the result was still negative.
The KLM engineer then suggested the issue could be due to low pressure from the Refueller
and suggested a different truck is used instead for the fuelling. The aircraft was repositioned at
the bay to allow access to the hydrant and hydrant dispenser HDO1 was connected to the
aircraft.

Puma Energy & (Rev Sept 2021) Page 1 of 2
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AIRPORT REFUELLING INVESTIGATION Doc No. AR 122
PUPIR e e

EWN LR &Y
“Safety First

« Fuel from the hydrant dispenser was tested for water and the result was negative.

» Fuelling resumed at 01:58. After pumping about 2000 litres the aircrafts APU went off and the
fuelling panel was shut off causing fuelling to stop.

= The flight engineer drained some more water from the aircraft’s drain points and a ground power
unit was connected to the aircraft.

« The fuelling panel was resetted again and fuelling resumed at about 02:25

» Fuelling continued successfully and was completed at 03:00 with an additional volume of 31,587
litres pumped.

ADDITIONAL FUELING REQUEST STAND-BY TOP UP

Fuelling equipment used: A Fuelling start time:
Stand-by request time: MNA Fuelling finish time:
Equipment in position time: Ticket signed time:
Equipment connecting time: Top up quantity:
Comments:

BRIEF NARRATIVE OF REASON FOR INVESTIGATION

As part of the investigations, the following have been carried out on Refueller RV01
= Quality checks have been carried out on the following points and found clear and bright.
v Filter inlet
v" Filter outlet
= Loop test carried out on EWS functioned correctly.
= Daily quality control checks up to date

SIGNORE: OPERATOR: SUPERVISOR: DEPOT MANAGER:
Hamea: Dawvid Zecoh / lsaac Amoah Prince Yusif ! Richard Kwao Diving Day
Dats 15/04/2022 150472022 15/04/2022
Signature
Puma Energy & (Rev Sepl 2021) Page 2 of 2
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APPENDIX 7: JIG CERTIFICATE OF APPROVAL - PUMA ENERGY

JIG Standards Issue 13

N OF I

P INTO-
ACCORDANCE WITH THE JIG INSPECTION PROGRAMME

Location Kotoka ACC-PUMA:ADHIP
Facility (Airport Depot, Hydrant or Into-Plane ADHIP

Service)

Managing/Operating Company PUMA

Name of inspector and company Willem Goosen - PUMA Energy
Date of visit 31-05-2022
Recommendations reviewed with Divine Dey,

Date of issue of this report 06-06-2022

Overall Assessment (see page 2 for definitions)
Note if the assessment is Less than Satisfactory,
the report shall be issued within 3 weeks of the
inspection and a follow-up inspection shall be
scheduled within

the next 6 months or preferably sooner.

Last JIG inspection N/A -
(name of company and date visited)

Has a Tier 3 non-disclosure agreement been
signed by N/A
all inspecting parties (where applicable)?
Have any items of a serious nature been
communicated to all participants and the local |N/A
manager without delay?

Satisfactory

Last external HSSE Management System Audit
(by participant or consultant) 4 May 2022 (Level 4)
(name of company and date visited)

Date of |ast revision to local/site operating 04-12-2016
procedures
Accompanied/Reviewed Inspection? No

This document is intended for the guidance of Members of the Joint Inspection Group (JIG)
and companies affiliated with Members of the JIG. The contents contained within the
completed document are confidential to Members of the JIG and Joint Venture
participants and in the case of Throughput Locations confidential to through-putting
companies and shall not be copied, re-distributed or passed to unauthorised parties.
Neither the JIG, its Members, nor the companies affiliated with its Members accept
responsibility for the adoption of this document or for compliance with this document.
Any party using this document in any way shall do so at its own risk.

This document shall be used for locations registered to JIG’s Inspection Tracking System, known as
“JITS". This document shall be deemed a sampling review to determine the overall rating of the
operation and identify areas for improvement. Itis not a compliance audit.

Ver, 13.1, Jan. 2022 Joint Inspection Group Page 1 of 53
UNCONTROLLED COPY - MASTER COPY HELD BY JIG
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Joint Inspection Group
Inspected to JIG Standards

G

|

| INSPECTED TO
| 31G STANDARDS
' 2021

This is to certify that
Puma - Kotoka ADHIP

has conducted an
Inspection to JIG Standards

On 28" June 2021 a JIG Inspector deemed this
location to have met the JIG Inspection criteria

—k—

Lo

Mark Newstead Thomas De Boer
JIG General Manager JIG Council Chair

Disciaimer Notice: This cemﬂcsle is nounmdad to amount to ndvnce on which you should rely. Joint Inspection Group Limited (JIG)
did not carry out the | The lon was d d by @ third-party inspector. JIG excludes all impliad conditions,
warranties, representations or other twme that may apply to this certificate, including but not imited to the quality of the assessment
carried out by the inspector into the location which has heen or the or up-to-tate status of this

. This i s ided “as is* and "as available” without warranty of any kind, With the exception of any lisbility which
cannot be excluded by law, JIG excludes all llabllity arising from any use of this certificate, Any use of this certificate and any claims.
arlsing out of or in connection with this certificate shall be governad by the laws of England and Wales and subject to the exclusive
Jurisdiction of the courts of England and Wales,
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APPENDIX 8: USE OF SYRINGE AND CAPSULE WATER DETECTOR MANUAL

Use of syringe and capsule water detector Doc No. TP 11
2= Frequency: As Required Rev
“Sallty Fiesl

Use of syringe and capsule water detector

PURPOSE
Totest for the presence of suspended water in a sample of Jet fuel

FREQUENCY
As required.

PERSONAL PROTECTIVE EQUIPMENT (The trainer should describe the PPE required for this task, why it is needed and its correct use and maintenance)
PWVC gloves, safety glasses, prolective unffom.

STAGES HSE TIPS
Go tough e ask or subet ;gﬁséee:ps are provided for the help of rainers and
Select suitable portions for the leamer fo master. '
This should not preclude the trainer from using his own key
KEY PONTS ips commenstirate with his experience at the specific
work-site,

Anything in a stage which might

Affect the results of the task or test

Cause personal injury or affect safety

Resultin a product spillage

Make performance of the task easier or more efficient

1. CHECK EQUIPMENT

1.1.5mlnylon syringe

1.2 Detector capsulas

1.3.Glass jar or closed sampler

1.4 Check that syringe operates freely and that the nozzle is not damaged.
1.5.Check that capsules are within the expiry date marked on the bottom of the tube.

1.6.Ensure jar or sampler is claan and free from water.

2. FITCAPSULE

1.1, Remove one capsule from tube (handle carefully). Do not touch or allow any maisture to come
into contact with the yellow paper of the capsule. Close the tube immediately.

Puma Energy & Page 10f3
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Use of syringe and capsule water detector
o Frequency: As Required

“Salty i

Doc No. TP 11
Rev1

1.2. With the piston of the syringe fully home, fit the capsule firmly on the nozzle.

1.3. Examine the capsule to ensure itis a uniform yellow colour. If it is not, discard it and fit another.

3. DRAW SAMPLE
14, Draw a fuel sample into @ jar or a sampler as per Task Procedure 9.

15. Immerse the capsule in the fuel sample and withdraw piston stowly unfl fuel reaches the Sml
mark.

Aviation Fuels are sohvents and when they come into
cantact with exposed skin may cause it to dry out, this may
eventually lead 1o dermatits, aiways wear approved
protective gloves when handing fuels.

Similarly fuel splashes into the eyes may cause buming

and could lead to long term eye damage, safety glasses

should always be wom whenever there is a passibilify of
fuel splashing into the eyes. Ensure eye wash botiles are
avallable.

In any instance where open sampling is being camed out a
drip tray should be used o ensure product that accidently
escapes is capiured. If performing this task in high winds
position equipment accordingly and try to use your body as
awindbreak.

For HSE implications and advice regarding aviation fuel
products refer to the appropriate Matenal Safely Data
Sheet (MSDS).

. READ RESULT
Examine the capsule for any change of colour between the centre weited area and the outer annuius.

If there is no colour change the resultis acceptable and would be recorded as "nif" suspended water.

The centre area of the capsule begins to fum green at suspended water concentrations of
approximately 10 parts per milkon {ppm) and wil be distinctly green at a concentration of 30 ppm.

8. Afew green speckles or a slight change of colour would be recorded as & "race”. A distinct colour
change wauld be recorded as "siispended water”.

9. AFTER SAMPLING
16. Dispose of the capsule safely, it can only be used once,
1.1, Emply the syringe into the sample and retum the sample to a recovery fank.

18, Complete documentation,

When emptying the syringe ensure that the end is
submergad below the level of fuel to avoid splashes onfo
skin or face.

Pumz Energy & Paploil
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PUMR —>=e Use of syringe and capsule water detector

e Frequency: As Required
“Salety First”

Doc No. TP 11
Rev1

Table of minimum test requirements

The following table summanses the minimum test requirements for all airport operations.

use and after use - dally

Visual Check
Operation Control Check (chemical water detector | Appearance Check:
required)
Receipts by pipeline (dedicated or multi-product) barge/coastal X
vessels before and during discharge
Receipts by rall or road tank car X
Receipt tank sample for recertification X
Airport storage tank sump drain before release for sevice X X
In service airport storage tanks sump drain - dally X
Airport storage tanks sump drain not in service (seftling or X
awaiting release)
Airport fixed filter vessel sumps (receipt) and strainers X
Airport hydrant fifter, loading filter and vehicle fifter sumps - X
daily
Fugller drain points - routine off-ramp (fueller tank draining X
after filling)
Sampling during fuelling and defuelling x
Hydrant low point servicing vehicle tank sump flushing before X

1A chemical water detector test may also be performed to provide verification of free water status.

2Requirement for hydrant servicer fueliing samples is detailed in JIG 1 5.3.2. A chemical water detector test shall be performed on at least one of the

samples taken during fuelling.

Puma Energy @
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APPENDIX 9: AIRCRAFT FUELING USING A FUELLER MANUAL

Aircraft fuelling using a Fueller or a Fueller / Trailer combination (pressure fuelling) goc No. TP 20

Ty Frequency: As Required eVl
“Saley First

Aircraft fuelling using a Fueller or a Fueller / Trailer combination (pressure fuelling)

PURPOSE
To undertake fueling operation safely to deliver aviation fusls in the correct quantities and to the correct qualify standards.
FREQUENCY
As required.
PERSONAL PROTECTIVE EQUIPMENT (The trainer should describe the PPE required for this task, why it is needed and its correct use and
maintenance)
Gloves, safety boots, safety glasses, hearing protection, high visihilty clothing and protective uniform.
STAGES HSSE TIPS AND OTHER INFORMATION
Go through the task or subject. These tips are provided for the help of trainers and
Select suitable portions for the leamer to master. trainees.
KEY POINTS This should not preclude the trainer from using his own key
Anything n 2 stage which might fips commensurate with his experience at the specific

affect the results of the task or test wkste

cause personal injury or affect safety
result in a product spillage

make performance of the task easier or more efficient

1. INSPECTION AND CHECKS PRIOR TO DRIVING Whenever pDSSibk% the quan{ity of fuel should be checked
by using vehicle stock records and nat by manual dipping

1.1. Walk completely around the vehicle to check that the fuelleris operational and ready for use. | from the veicle top.

Hearing pratection should always be wom in noisy
environments. Ear damage is a progressive problem
13. Check all of the sampling equipment carried on the vehicle. which manffests itself over many years of neglect. If you
have to raise your voice o be heard over the surounding
noise in the wark environment, you should be wearing
hearing protection

12 Check that fire extinguishers are comactly stowed.

14. Check the unit for leaks, defects, obstrucfions and that hoses are correctly stowed away. Any
defects or leaks should be immediately reported to fine management.

15. Check that the vehicle has the corect grade of fusl and quantlty carried for the expected fuelling.
18. Check the corect vehicle is being used for underwing fuelling.

1.1. Check that you have the following:

18. Delivery Cerfficate

Puma Energy & Page 1of7
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“Salely First"

Frequency: As Required

Aircraft fuelling using a Fueller or a Fueller | Trailer combination (pressure fuelling)

Doc No. TP20
Rev3

1.9 Posted Airfield Price List
1.10.card delivery equipment
{11, calculator is avaiable
1.12.Credit Stop List

1.13 Incident Report forms

2. VEHICLE START UP
21. Check that the brake interlock and deadman seals are locked in the normal oprating condition.
2. Move Master Battery lsolafion Switch fo the ‘on’ posifion.
23, Startthe engine.
24. Ensure there is sufficient air pressure prior to moving.
25. Release the handbrake.

Do not drive vehicle with the interlock override unsealed.
Report to the Supervisor f seals are not in place.

Enstre seat belts are fitied and wom at all times vehicle is
in motion - mandatory requirement.

3. DRIVE AWAY

3.1. Test the brakes as soon as possible and before leaving the depot

32. Observe and obey depot and airport speed lmis.

Ifthe first ime you use the brakes is when you are
approaching the aircraft, it may be too late to avoid an
accident. Even at low speeds, seat bells are compulsory
and can save lives.

Vehicles shall not be driven faster than 25km/h {15mph) on
the apron. Where airports or local authoriies specify a
lower limit, this shall be obeyed. Driving at 10/15mph in a
head-on collsion can resultin a higher combined speed.
Beware of vehicle and road characteristics and risk of
rollover during all comering manoeuvres.

4. APPROACH AIRCRAFT AND PARK

4.1, Asecond brake check shall be made prior to reaching the aircraft. This must be done ina low
congestion area and at east 15 metres (50 feet) before reaching the aircraft.

42, Check that aircraft engines have stopped and that the aircraft has been chacked before
approaching. Ensure that aircraft anti-colision lights are not flashing.

43. Approach aircraft and park, either in the undenwing or the stand off position. (Check notice in
cab as fo which type of approach is fo be made, depending on type of aircrat to be fuelled and
fueller used).

Perform brake check in such a manner as not fo cause
danger to other apron traffc.

Venting from aircraft tanks can be potentially hazardous i
the fuel spray comes info contact with hot surfaces.

Always avoid creating the fire tiangle (fuel, oxygen, ignifion
source) by keeping a good clearance from the vents and
hat surfaces of the fueller

Pume Energy @ Page 207
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*Salety First"

Frequency: As Required

Aircraft fuelling using a Fueller or a Fueller / Trailer combination (pressure fuelling)

DocNo. TP 20
Rev3

44. Stand off fuellings must be made with no part of the fueller under aircraft tank vents. The
vehicle engine and exhausts shall be at least 3 metres (10 fest) away from the aircraft vents.

45, Reversing to or from aircraft shall be avoided unless no other altemative is avallable. If
reversing has to be undertaken, a quide person shall be present during vehicle manoeuvring.
Truck and trailer combinations hall nat be reversed info postion.

Note: Reversing onto o from the aircraft is not permissible for a fuellerftrailer combination.

45. Lhderving approaches should preferably be mad from the rear of aircaft, taking great care to
stay well clear of aircraft control surfaces and engines.

41. Park the fueller ensuring that there are no obstructions in front of the vehicle, which may prevent
it being driven away in the event of an emergency. It is important fo ensure that the venicle’s exit
is nof obstructed at any time curing the fuelling operation.

48 Applythe handbrake

5. BOND VEHICLE

5.1. Always bond to a designated point on the aircraft (usually located on the undercarriage|. The
clip shall not be aftached to propellers, radio antennae, piot fubes, or the exhaust nozzle of a
piston engine or turing engine.

52. Ensure that the bonding pointis located on an unpainted surface.
5.3. Ifsparking cccurs whie trying to bond, do not connect fueling hose until the defect is rectified.

b4, Iffuglling steps are being used (rig steps) these should also be bonded before fuglling begins.
(Bond the vehicle to the steps and then the steps to the aircraft).

Bonding to painted surfaces does not provide electrical
confinuity. Poor electical continuity will lead fo static
electricity build up which could provide an ignition source
and resultin a fire.

6. POSITION AUXILIARY EQUIPMENT AND PREPARE TO FUEL
6.1. Posftion ladders/steps/platform such that hoses wil fall vertically.

6.2 Lhwind the hosefs). Posttion the hosel(s) behind the steps | ladder so that they do not present a
trip hazard when using o alighting from them.

6.3. Open fueling panel on the aircraft. (Aiine rapresentafive personnel should carry out the fask of
operating aircraft fuel panels unless special arrangements have been made with the airine
concemed.)

6.4. Priorto connection of the delivery nozzle(s), the aircraft adaptor(s) shall be checked to ensure
that there are no missing or broken lugs, loose or missing securing screws, cracks, excessive

Manual handling can be a problem when working with
portable ladders. Bending the back, or twisfing
movements when liing, can put pressure on the discs in
the back. The condifion is progressive and may lead to
long-term back pain.

To avoid this type of problem, always keep your back
straight and bend the knees to lift. Avoid twisting when
posttioning the ladders. Maving the fest will help to avoid
wisting the back.

Always ensur that you ar properly balanced when
working from ladders. Many accidents are caused when

Puma Energy & Pagedof 7

42
CONFIDENTIAL




*Salety First'

Frequency: As Required

Aircraft fuelling using a Fueller or a Fueller / Trailer combination (pressure fuelling)

DocNo. TP 20
Rev3

wear or offer obvious damage or contamination. Suspect adaptors should be brought to the
attention of airine staff for comection before the fueling can commence. Fuglling staff shal not
aftempt to tighten loose adaptors themselves. f the condiion of the adaptor is considered
unsafe, fueling shall not commence.

65. Couple hose(s) to the aircraft

6.6. After connection, and before commencing fusl flow, rotats nozzle handles to the locked position
and open poppet actuafion lever. Aftempt to remove nozzle - f nozzle can be remaved, then its
interlock mechanism is defective and it must be removed from service.

people do nof remember the three points of contact rule
when going up or down ladders. Place the hose an the
ladder instead of carying it up and being off balance.
The space on the ladder is [mited. Be aware of knacking
your head on the fuel panel. Wear a bump cap.

Try to avold excessive bending of the neck when coupling
as this, combined with [iting the coupling above the head,
puts pressure on the discs in the upper back.

Where fitied, keep head away from fuel panel doors when
opening. Release catches and slowly open door. Door
must be securad in the open postion.

1. FUEL AIRCRAFT
7.1, Engage vehicle power take-off (PT0).
72. Open the vehicle foot valve.

73 Ensure that the vehicle maters are zeroed and also ensura that the totaliser meter figure
matches the figure on the fight delivery tickst.

T4 Note the aircraft registration number, fuel, grade, payment card (if applicable] efc. on the figt
receipt

75, Obtain required fuel quantities from airine (or representative)
16. Onatrailerffueller combination, open the traler foot valve. The trailer must be empfied first
1.7. Operate the vehicle deadman valve and vehicle mefer valves.

T8, Adjust pump speed to obtain maximum flow rate required for the aircraft, ensuring that the
maximum rated flow for the hoses in use is not exceeded.

79. Examine the nozzle to aircraft adaptor to ensure that there is no leakage.

7.10 When fugliing via an elevated platform, the platform should not be raised or lowered while
fuelling is taking place. Fuelflow shall be stopped wheneverit is necessary to raise or lower the
platiorm.

7.11.Wherever possible, fueling should be performed with the operator on the ground, not on the
fuelling platform.

712 Check the pressure gauge readings on the fuelling panel for any abnormalities. In particular, the
differential pressure gauge, to confirm that the vehicle fiter is funcfioning comectly. The results
of this check shall be recorded.

To avoid any fuel splashes in the eyes, wear safefy
glasses.

A risk of a static discharge may rise from removing
gaments (irrespective of anti-staic properties) in
potentially flammable atmospheres. If an individual is
exposed fo either Jet or Avgas and clathing is heavily
contaminated, the recommended practice s for the
individual to shower wilh water while stil fully clothed and
then slowly remove clothing to wash underlying skin with
s0ap and water,

During the fueling operation, where possible, keep clear of
aircreft vents, remain vigilant and cease pumping if you
see the aircraft venting.

Beware of other service provider activifies around aircraft
during refueling operafions and check that fuelling zanes
ar kent clear of unauthorised personnel and equipment.
Staff should postion themselves at ground level and in
front of the vehicle fueling controls throughout the fuelling
operation. If there is any need to move a fuslling platform
during fueling, the flow of fuel must be ceased as a
precaufion untl the platform movement is completed. The
movement of the platform may cause stresses on the
fueling hoses and the couplings, with consequent risk of
damage or even spillage.

Puma Energy @ Pagedof7
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“Salely First"

Frequency: As Required

Aircraft fuelling using a Fueller or a Fueller / Trailer combination (pressure fuelling)

Doc No. TP20
Rev]

Note: Maximum differential pressure reading for FWS and Filter Monitors is 13psi, (subject
to no sudden change in readings).

1.13.With a fueller /traier combination, where the volume defivered from the trailer is sufficient for the
fueling, then close the foat valve on the trailer on complefion of fuelling. In the case where the
volume o be delivered is more than the volume available from the frailer, release the deadman
valve fo stop the flow when the determined quantty available in the traller is defivered and close
the foot valve of the railer. Note the volume of fuel delivered from the trailer in the remarks
column of the Flight Delivery Certficate (DC).

1.14.To continue fueling, open the foot valve of the fueller and aperate the deadman valve. f the
volume n the fueler is sufficient fo complete the aircraft fueling requirements, close the foot
valve on the fueller after delivering the required fuel. Note the volume delivered from the fueller
in the remarks column of the DC. Ifthe volume in the fueller is insufficient, then continue the
aircraft fuelling unil the available volume in the fueller s dispensed. Operate the deadman valve
to stop fuel flow, close the foot valve and note the volume dispensed in the remarks column of
the OC.

8. SAMPLE FUELLER DURING FUELLING OPERATIONS
8.1. For fuellers and fueling trucks fitted with a fiter monitor

8.2. Inaddition to the pre-use checks, where appropriate sampling equipment is available on the
fueller or fueling fruck, a minimum 1 lire sample shall be drawn at each fueling and subjectfoa
visual check and, for et fuel, a syringe and capsule water defector test

8.3. After the product in the sampling piping has been flushed out, the sample may be taken eifher:

84, Atthe start of a fueling operation, immediately after the fuel contained in the main piping and
filter vessel has been displaced and full flow has been established, from the outlet side
(downstream| of the fiter monitor.

Or
85. Immediately after fuelling has been completed from the inlet side (upstream| of the fier monitor.

86. Where appropriate sampling equipment s not available on tha fueler or fueling truck, and i not
already covered by the pre-use checks required in the a sample shall be drawn and checked
each time before the fueller leaves the depot to undertake a fueling or a consecutive series of
fuellings (with no delays between each fuelling).

8.7 After the product in the sampling piping has been flushed out, the procedure shall be for a
minimum of a 1 litre sample to be drawn from the fueller tank sump and subjected to a visual
check and, for jet fuel, a syringe and capsule water detector test. Any water found shal be

The additional sampling procedures have been introduced
In response fo the current performance concens relating
to fiter monitors.

Aviation fuels are solvents and can cause dermafifis by
removing natural ofs from the skin, always wear the
approved protective gloves when sampling and handling
the fuel

Simiarly, fuel splashes into the eyes may cause buming
and could lead to long term eye damage. Safety glasses
should always be worn whenever there is a possibilty of
fuel splashing info the eyes. Ensure eye wash boffles are
avaiable.

For HSSE implications and advice regarding aviation fuel
products refer to the appropriate Material Safety Data
Shest (MSDS).

Puma Energy & Page of7

44
CONFIDENTIAL




Aircraft fuelling using a Fueller or a Fueller / Trailer combination (pressure fuelling)
Frequency: As Required

DocNo. TP 20
8

Rev3

*Salety First"

drained. Sampling and draining shall be repeated untl the fuel passas the water defector test.

88 Additionally, f required by the airing, take 2 minimurn 2 litre sample from a sample point
downstream of the filter water separator or monitor and show it o the Airline Representative.
Perform a syringe and capsule water detector test if required.

89. For any sample taken from fueler fuellings downstream of the filter monitor, if more than a frace
of free or suspended water is found with the syringe and capsule or a distinctive colour change is
obtained, the Airiine Representative shall be informed immediately and no further fuling/top up
shall be made unti the reason for the presence of water has been determinad and remedial
acfion taken, including the change-out of the elements. This shal be done even if a second
sample taken from the outlet side (downstream| of the fiter monitor is water-free.

8.10.For any sample taken from upstream of filer manitor, if mara than a race of fre2 or suspanded
water is found with the syringe and capsule or a distinctive colour change s obtained, a sample
downstream shell be taken. If no water is observed, the fuelling will be viewed as complete.
however, more than a trace of free or suspended water is found with the syringe and capsule or
a disfinctive colour change is obtained, the Airline Representativa shall be informed immediately
and no further fuelingftop up shall be made untl the reason for the presence of water has been
determined and remedial action taken, including the change-out of the elements. This shall be
done even if a second sample taken from the outlet side (downstream| of the fiter monitor is
water-free.

9. CLOSE VALVES
9.1. Close all the delivery meter valves in order to complet the fuelling at the required figure.
9.2. Release the vehicle deadman valve.
9.3. Confirm that the engine speed has refumed fo idle.
94. Note:
95. Ifthe vehicle is on standby for more than 10 minutes, disengage PTO.
96. Close foof valve fo fank.

97 Enter final meter totaliser raadings on the Flight Delivery Certficate. Sign the certfficate and
obtain the Airiine Representative signature for quantities and quality of product delivered. Hand
over the airline copy to the representative.

Note: Any density measurements required by airlines shall not be recorded on delivery
certificates.

98. Zero the vehicle meters.

To prevent possible injury to the aperator the hose shall be
re-wound in @ safe and controlled manner. If the hose is
re-wound without full control of the coupling the operatar
may get injuries o legs and ams due to the whiplash
effect of the hose as itis being refumed to its stowage

point.
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99. Disconnect hose coupling(s) from aircraft.

9.10.The aircraft adaptor(s) shall be checked o 2nsure that there ara no missing or braken lugs,
Inose or missing securing serews, cracks, excessive wear or ofner obvious demage or
contamination. Suspect adantors should be brought to the attention of airine staff for correction.
Fuelling Staff shall not attempt to tighten loose adaptors themselves.

When pulling, placa the hose over the shoulder to reduce
R FENIOED the riskpof bgclgstrain. This method is prefered because i
10.1.In the case of & platform operation, place couplings in their stowage points and lower platform. | keeps the back aligned. Other methods may cause
twisting and put pressures on the discs in the back, which
may result in back damage over a period of time. Never
drag couplings on the ground. Dragging couplings wil
10.3.Place the reel hose couplings an ground near fuel compartment of vehicle. cauise wear and tear and can lead to the coupling
malfuncfioning on fts next use. Demaged couplings may
lead to fuel leaks and sprays onta hot aircraft engines with

102In the case of reel hoses pull one coupling at a fime fo fueller first. (When pulling place hose
over shoulder to reduce risk of back sirain). Never drag couplings on ground.

10.4.To prevent possible injury, slowly activate rewind system of fueller to pullin hoses. Stand clear

of hoses during rewind. ;
a resultant risk of fires.
Note: Fuelling hoses may be laid on the ground next to the vehicle during rewind untilthe | To prevent passible injury to the oparator the hose shal be
hose is nearly fully rewound (at which time it must be lifted and held). re-wound in a safe and controlled manner. fthe hose is

re-wound without full control of the coupling the operator
may get injuries o legs and arms due to the whiplash
effect of the hose as it is being returned to ifs stowage

point.

10.5.At the point when the hos is fully rewound, stop the rewind system and place the hose end
coupling in s stowage

11, CLEAR EQUIPMENT AND COMPLETE DELIVERY CERTIFICATE tis aways important fo walk round the vehicke after
completion of the fuelling operation. ftis a busy operation
11.1.Remove and stow auxiiary equipment such as sample botfles, portable ladders, platforms etc. | and if your pattem of wark has been interrupted for any
reason and your sequence broken you may inadvertently

11.2Remove the bonding cable from the aircraft and stow. : Ty ;
have missed a stage, this sifuation occasionally leads to

11.3.Complete the Delivery Certficate, including payment card number (if applicable), aircraft drive away incidents.
registrafion, quantties and grade of fuel, and obtain the PilotEngineer or Airine The walk around must be a consclous, deliberate step at
Representafive’s signature. the completion of every refueling. A complete circuit must

be made around the vehicle fo ensure all hoses are stowed
and no obstacles impede egress. This must also include
looking up to ensure that deck hoses are na longer
11.5.Disengage power take-off, release the handbrake and drive the vehicle away. connected.

Ensure seat belts are wom at all imes when the vehicle is
in mation - mandatory requirement

114 Walk completely around the vehicle o check for abstructions and to ensure that all auxiliary
equipment has been properly stowed away. Look up.
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m Deadman Controf Valve Test Record
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Under Wing Reel Hose QO & Strainer Inspection & Mainte Recard. Doc Mo, AR 92
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Note:
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(

m Hose Inspection & Test Record Doc No. AR 01
ety Frequency: Monthly Visual / Six Monthly Hydrostatic Rev 1
“Safety Frst”

Airport IATA Code: JTCS Equipment No. & Type: 1T & ! Llucs f Ao 2 Grade ofFust: YL 1A =" hoseno HpSE 37
f . stoy Madzr Bom Length:‘.l.z. Mot oo of @) 2221 ose Working P : Yoo PO
Date Fr;qol‘l’;:: Details of Inspection & Test i.e. Hose Broken etc Name &&,nmn

/o) fan| V ‘m\f(’ Ccur')ev Sevgr vaa bwse dreceed (U\L\(K L /
us /' a/2v \ult‘t Coupley  Souse \/;hc \Lose ¢ l\r'ﬂc(.c—e-f( Cﬁ%‘& ; '

>
isfea /o | — et Guple,  Senge o Checked }-.aﬂl,; )
i foctfrn| Julet C._)t'/F,&- Souke. |ine lnose cleitad [z
|&fes/r| < \v\\("t Coup\ev Cense )me L\csc C\necht‘[ Lgﬁl:\‘u L4
l6/<€ o+ lalet &pupler Sevse lme hese  Clhreoxed ( '

3
i
Ao

Note. Mwaxg«ﬂs 1 table
Loum-n of-g_lwssmrm

la,ggnmwmlpanun Commissioning new hoses with fittod Attaching / reattaching cour
No requiremeant 15 bar 20 bar

15 bar tast | 15 bar 1 20 bar

Puma Energy ® Page 1061
{ '
m Hose Inspection & Test R rd Doc No. AR 01
2‘:‘!;;".‘_; N Frequency: Monthly Visual / Six Monthly Hydrostatic Rev1
T T Tl i) f S No. &.Type:...... e | GrmofFuot:E’ A=l HouNog?_ .......
Eth.LEY [ as" Lengm“fm ........... Date of SO IE s 9 So P

Date’ [ ESAnfTest ] Details of Inspection & Test .o. Hose Broken st Signature
/o1 /az | = Hose Wot lovoreon , Pump presawe dﬁ’l«\f&‘/ A
14 )on [22 | v Yose V\\v‘f Lwcyem Pump oressure app[,w/mi., U ]
Wle> /22 — Hoese nrf looren, Pump Pressure q,’p!reJ Gl K &’
W fog 12| v~ Rese ot beoken ruu?p \Néwrf a;’rlvf.j(a.d 71 vy eyose coe
\4’/05/11 ~ Hﬁ% net bvov_cm, Pudmy (st.s-ue a??’::‘cjand 1S Mq«x! C0'7J4+ &
18 (tftz Bose aet lovoren, Zump Pressuve qpf‘" ed and w Qom/ Gencfilion _g
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X 4 '
/m Under Wing Deck Hoses QD & Strainer Inspection & Malntenance Record, ::;‘O-M”

Frequency: Monthly
N ATACos T CC, ... Eapest NG svvoes ] s R T VO TIP3 . ;o
Oate " Hose No. of tion: i.e. Withis & purt back s ervice | Strminer broken &

5let 23 | 0g  [No Sediments ﬂmén?:s Py | ‘o'/:..,, e

i Jon faa | oy Xl Coilimentt {Lm,( Slainer- and © g...t,
P&‘ﬂ it Na Sudiwaet Townd, Shroptr ond 022
3fegfn |oF Mo Sedimer® Found Stavrs el Oy S
6109/7" oM Mo S:"cllm(‘nt —fourt J 5%'717':0«!3\(1 Cﬁuq ‘7‘
) /0’6 {22 ocll MO g( e Tt fOWYJ, -.\‘\[vrp,;arc?rarj o m-; (o =

MNote.  Ciecuiote 1000 Stres of product through hose price to putting onit back into servce.
* Vs Carter Quick Dtoconnmct Couplngs Weas: Gauge Model No, IF220051 & Poppet Adusteient Gaude Mose! No. 52000 whes seqused & Caner type E1857.2 akcraft adaztor
woar gauge
*  Priocto Ssassembing Guick Dmconnact, Side the Sioces 3 the 20k 60 ROSRION Jamaly Boan Bie Bieaded end of U Howkeg snd loch i i chace with one Scwmt Afret 1o roosst
mnwmuwwmwmmm M P DOoOE Sh0ns 00 The Sarl, I SISEVE ki WO Sut Srvd has B be regleced.

Pen Erar ® P 1%
Fixed & Moblle Lavuer Inspection { Doc No. AR 54
LTTEST rrocuency. .
“Sateey Frer
Arport IATAGode: TCC L 2. Ve T L el Yoo SOLT
}j— TEM 10 BE CHECKEDSSRVICES | Jan | Feo | Mar | Apr | May | Jon | Jul 1 Ava | Sep | Ot | Wev | Oec |
Checka 0f Applicatia)
Strucsursl Chocks
Weld joints, sae0s & site raings ok Yis Mo New  yas et Nes e
Sz - Non sippery Yes Ma TYG' s febiNee Ve Sjee
Barcds oe darmagn 1o badder Mo wolMNe  No (e
[ re——— Yo | FE Yee  Jfemldet  Nes Ye
Plastic end Gap Mings on leg Bose ok | Yes e Wﬂ M IR Nia e £
Condiion of Higes ok vesoo [ N/& A pwalNA N/s WA -
Fakng ) ick plate secure Yea No Y7 wy wEMer  Ner Yes |
e S Yesmo | Ye3 o Yebher  es fer |
Tyros Of Applicaie) =
TreAr Presare AWer S Conaison | vesmio | W8 W e i NJo W | |
Woosl Axde (M Applicabie)
Heweng Lutncaton ok vesmo [ Yo Ve Yoi (Y5 s Yes i
Exceasive Whie Py vesmo  [}0 n. PglMo Mu N
Locking Seoured .9 Spit Po | Yes e Yer e ANy v Ty
Suwvivel Boct & A Frame (If Apprcablel
Chesk Inlegety & Lutrication ok YesMNo | Yo Vs Yo Y5 N ey
Tow eye ! Safety chalrs ok Yeu Ne Y!J ey -‘[(J Nre s
Report Writtee: Unsafe Practics Constion (UPC) . Y
.'3““""'
Signature:

P gy &
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A | e
“Safely Firt
st TACote TTCC . Eqiomentioa e .. D0 Year, 202
ITEM TO BE CHECKEDISERVICED | Jan | Feb | War | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Equipment Chacks (if Applicable)
Structural Chacks
Wed jors stps & sderaings ok |YesMo | Yo ves es [yes N& Ve
Steps - Non slippery Yes INo Ve oo yes |V k{gs \'{g;
Bends or damage f ladder Yesho [ Mo Mo Me s N Ne
8ok joints tight YsMNo | Y& Yoy e [YB Y Y
Plastc end cap fitngs onlegbase ok [YesNo | s vy ey |ys Y Yes
Conition of Hinges ok YesMo | Ve e Yo s Y& B
Raiing  Kick pate secure YesMo | Yeree e e 16 B8
Ladder Serialy numbered Yt | Yoy e I Yes Vs
Tyres (if Applicable)
Tyre Ar Presswre & Wear & Condton | Yeso | /AN Vs [U/@ N/A ﬂ]p,
Wheel Al (If Applicable)
Bearing Lubricaton ok Yeso | fer Y Y e Y& Ne
Excessive Wheel Play Yeso | NN N G NA N
Locking Secured e.g. it Pin Yo | W/ oy Yo e Y& e
Swivel Bed & A Frame (i Applicable)
Check Integry & Lubrication ok Yeso | Yoo e, Yo [V e Y8
Toweye  Salet chains ok Yo | NVANA Ni W NA WK
Report Writton: Unsafe Practice Condition (UPC)
Defoct Report (OR)
Date: | /14 1o, LAJ/¢ Uk |itogler |
Signature: Ep" T Lﬂ'

~

FAAS -4
e W
Page 1ol 1 %’
J

56
CONFIDENTIAL




Sampling Visual Check Record

Doc No. ARSS 10

W Frequency: Daily Rev 2
“Safety First” Z /(, | p1
Airport IATA Code: £/ T Grade of Fuel A%\
Equ«pmentNo&TypeﬁYO(
KEY TO WW = Water White | C & B = Clear & Bright FW = Free Water MG = Microbial Growth
RESULTS SC = Straw Colour | SW = Suspended Water SD = Sediment /Dirt | PS = Pipe Scale
pue Tine samopr':g:\oim R“;l:;;im s ¢ I:';M Fi::l’ ;latng:ﬂo As‘:mr:us:f g:;‘:r‘t
| S | e 7 {lc Al i
7| §te A%
ot pe| S < |
AP R ke (7| [ (< | [
B W (2e G | &
2 = =21}
otbgpler:tc (ke 2| J1C AR
Epy | (1 <\
ol ] JTE Al
/0 -2 6F-00 | Teil LP - C AR %
B-plbe | B¢ cxi |\ )T
Db, | S— 2 |-
p-g-plprs |Tauk Lp | | — x|
B-fiy | S< = RV, I
A ’p‘(@ SC Caiy ¢ / //
| ol Mo fean AR Sle | — 1Ry | %,
RSN | Sl s | L
wl\ee| S(C g | &
vleth 7 oo Revwae 8| & [ C (S o Eﬁ
QSN | S[L N o
| slc o v L
Puma Energy ® Page 10f 1
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({(

f e 7w Sampling Visual Check Record Doc No. ARSS 10
Aol 2 Frequency: Daily Rev 2
“Safety First"
Airport IATA Code: . ¥.C.< Grade of Fuel:. STY. W
EquipmentNo&Type:..........‘...,....‘..........S’.\‘SA‘..E.‘.“‘?.\ ............................................................
KEY To WW = Water White | C & B = Cloar & Bright FW = Free Water MG = Microbial Growth |
RESULTS SC = Straw Colour SW = Suspended Water SD = Sodimont / Dirt | PS = Pipe Scale
Defoct
e N e
AL Ny Tcw\\c_\.ﬁ S'[Q = CARQ (@R
S Nee | S(C | — Cxg __;{%_w_ _
wi\WNer O — ety K
|
Ear ol I v g | Sfc — <D |, .
JQ SN =M . C3e¢'Q A )
s = i \
L L eefWeq s/ [ - (S |
]l |
#-y-22 ’;'-'!i":-\'nm 1 B Sl l - C AR NA l
T T ; f
s_J | &1\\0-- S ¢ | o ox B 0 [)% I |
N Y = JoeWhN
| i“ [
S e 8 2 G R L (. Slc =iy CX R 7
s S 7
. flles] 3/¢ = X !
= 4! A K“C a .5’/( = ( )(\F; ”\'} :
: A
— i =2
{ ; o~ ~ . | = !
& -y~ VAl \axo LT _é/(, __; = cx s hd/ i |
o . - Z 71 1
F R CWe| s — e PR
2, 2 / - . { 7
_BA_‘M& o Jle C XK g
— |
=) o TTo 9| S/c — lexB [ \Jf
> " 3 )/ |
.. f%\':l'\uw; S/L " = = (.\;% A hao! (I___; |
| 7 | o f i N WAL | i
! i; . ‘(’\\'%u“n ! S/cC =z N \; .‘;‘ \ | )
| z
7o} 0L e w L0 | ¢/ . i LX
T ; et T )
'K&Hr—«!#( f ) ’/A; =es |
N T = Jexe[H |
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APPENDIX 11: FUEL DELIVERY TICKET

LT e 1052962
14047202,
Kotola Intoarmnaticocriel Al rporc (ACC)

PLOT 20, Kotoka International Alrport
Accra, Gharia

DELIVERY 'I'"ICRKET

4 South African Airways

Customerxr :
Suppel Ler s Puma EbBEnerqgy

Service : Fuelling

Flight Numbar: SASZ2 Flight Type
o JNEB Final Dest

Adrcraft Reg:

H

Next Dest :
Aldlrcraft Type: 330

Operator : Zecoh

Vessel = Product : JETAL

Stand : DEL/TA 1 Pl =

Times Task Meter Met eaxr Task
Start Start End End
21z24 2124 01:40 03 :00

Me - eax

Observed TaempD 30.0 °c< 30600 B

Maeter End 73501916 157128

Meter Start 73490248 L B2

11668 @]

Metexy Total

Quantitcy Delivered 11668 1.7

Batch Number ACC—-T—-2022-T1-07

Payment Type s cCcoNnTRrRACT

Cormmer t- s : =3

| CSOMNFIRM THIAT | HAVE! TOLID THE FPILOT THE GRADE OF FUEL T HAT WAS FUELLED
IN THE AIRCRAET.I CONFIRM THAT | HAVE CHECKED THE PRODUGT AND GERTIEY
THAT IT 15 WATER & DIRT FREE AND IT MEETS THE RELEVANT SPECIFICATIONS.

| CERTIFY THAT | AM RESPONSIBLE FOR THE OPERATION AND SAFETY OF THE
ANICRART FUBEL SYSTEM,

1LHAVE ALSO VERIFIED THAT THE GRADE OF FUEL AND QUANTITY DELIVEFIED ARE
AS REQUESTED,

Fuel ticket issued on the day of incidence (RVO01)
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1054962
15/704/202

RKotoka International Airport (ACC)
20, Kotoka International Adlrport

rLoT
Accra, Ghana
DELIVERY TICKET
Customer : South African Airwavs
Suprlier z Puma Enexrogy

Sacrvice T Fuelling
Flight Numbor : SAS2 Flight Tyoe 2 I
Next Dest : JUNB Final Dest : JNB

Adrocraft Reg: ZS-—-SXM

Alrcraft Type: 330

: Richardk

Operataor 2
Vesseal : HDO1 Product : JETAL
Stand 2 DEL/TA 1 Pit z DELTA 1 =
Times Task Maete Meterxr Task
Stcarc SCartc End BEnd
D1L258 01 :58 03 :00 03 :-0232
56769

Met-exr

Obhserved Temp S0 0 W

Metaer EBEnd 71606692
Meter Start TLS5751L 05

Meter Total 31587

Quantity Deliverod LSBT LT

Batch Number ACC-T-2022-T1-07

Payment Type s CONTRACT

Commen t- s 5 ol

| CONFIFRM THAT | HAVE TOLD THE PILOT THE GRADE OF FUEL THAT WAS FUELLED
INCTHE AITRCRAFT.I CONFIRM THAT | HAVE CHECKED THE PRODUGT AND CERTIFY
THAT IT IS WATER & DIFAT FREE AND IT MEETS THE RELEVANT SPECIFICATIONS.

Y THAT | AM RESPONSIBLE FOR THE OPERATION AND SAFETY OF THE
IAFT FUEL SYSTEM.
| FAAVED AL O1 VERIFIED THAT THE GRADE OF FUEL AND QUANTITY DEILIVEED AFIE
FREQUESTEID,

Fuel ticket issued on the day of incidence (HDO1)
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APPENDIX 12: REFUELLER VEHICLE (RV01)
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. DFFERENTIAL
" PRESSURE

“GANMON FITER aUMONFLTER
CHECKEDON

EWS Warning Light
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APPENDIX 13: HYDRANT DISPENSER (HDO01)
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APPENDIX 14: OPERATIONAL DATA PLATES FOR RV01 AND HDO1

Figure 1: RV01 Data Plate
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schild fOr dle gegenwértige Konfiguration
al Data Plate For Current Conﬂguration

Erfollt die EI 1599 |
Complies With EI 1599

Elementbezeichnung ' AlA AN T Drehmoment der Elemente |
Element Model / Type | & & ] Torquo for Element Installation

Anzahl Elemente . sl H ] Max. Austausch DP
intity Of Elements Installed | " : o] s ' Max. Changeout DP |

Bezeichnung Blhdei ‘e T e m der Elementinstallation |
Biank Efement Model/Type |i ‘ \ o / ,orletboanzu) :

Serien-Nr.
Vessa] Serial No.

Figure 1: HDO1 Data Plate
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APPENDIX 15: PUMA ENERGY CUSTOMER AIRLINES AT KIA

e Emirates Airlines

e  British Airways

e Ethiopian Airlines

e KLM Royal Dutch Airlines
e Air France

e Tap Portugal

e Delta Airlines

e  Network Airline Management
e United Airlines

e Air Ghana

e Royal Air Maroc

e Kenya Airways

e  South African Airways

e Titan Airways
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APPENDIX 16: AD HOC INSPECTION OF PUMA ENERGY FACILITIES: UNITED

AIRLINES
From: Divine Dey
Sent: 07 June 2022 15:52
To: Goco, Pete
Subject: RE: Fuel Investigation

Thank you very much Pete. It was a pleasure having you at the depot.

We will be available to provide any additional information you may need concerning this investigation.
Thanks again and enjoy the rest of your stay.

Regards,
Divine.

From: Goco, Pete <peter.goco@united.com>
Sent: 07 June 2022 15:03

To: Divine Dey <Divine.Dey@blueocean.com.gh>
Subject: [EXTERNAL] Fuel Investigation

Divine,

United Airlines Fuel Technical Services would like to extend our utmost gratitude in accommodating us to conduct
our fuel investigation on a very short notice.

Our fuel investigation have generated sufficient data to conclude that we don’t have any concerns with the fuel
quality in ACC. Although we would like to request the continued support if there is a need for further
documentation or data in the future.

It was a pleasure working with the ACC Puma team. You and your staff have performed very well to assist us in every
way and having the facility and records well organized.

Regards,

Pete Goco

Sr Stf Rep - Fuel Technical Services

United Airlines| WHQQA |

233 S. Wacker Dr. Chicago, IL 60606

Mobile: 847-754-5269 | peter.goco@united.com
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APPENDIX 17: EMAIL FROM SOUTH AFRICAN AIRWAYS

From: Prince Mereotihe <PrincelMereotiheg fiysaa coms>

Date: Monday, 18 July 2022 at 10:12 AM

Tio: Hawlans, Stuart <StuartHavwking @aaih_gowvuks, Frank Masogs <MasogaF 8 caaon nax

Cc: Pad Forjoe <paul forjoe @aibghana govgh>, Nthabiseng Malumedzha <MalumedehaMi@caa.co.ra=, (Bnton Montague <ClintonMontague @ftysaa.com=, Kiran |
Sikiosana <SiyabongaSikodan aBlyias coms

Subject: RE: South African Airways A330-300 reg: 25-50M engine surge 15/4/22

Good afternoon Stswt and Frand,

In Johanneshurg the tanks were sumped a fow tmes and no water was found,

The 400 |ires were drined in Accra prior to the return leg to BNE, and this was a mixture of fuel and water {but mainky wabesr].
Himd Regards.,

Prinoe Mereotihe | Manager « Flight Technical and Maimenance Standards | Operations

U niohie: -nrmmdrm-‘h'nmm-miara-m | Ehrar: «iT11-578-5550 | HE—Mﬂ.‘FrEmﬁzmmlh:ﬂﬂﬁaa.m
[Fioaom 4104, & Floor, Biock. G, Srsays Park,OR Tambe | aticnal Adrport- Joh baang- South Alrica

From: Hawkins, Stuart [maito:StuartHawins@aaib gov.uk]

Hfﬂ:m]ﬂimmll 11:29 AM

T Frank Masoga <MasogaF @caa.co.m>; Prince Mereatihe <Princefereatihe Bflysaa.ome

Cc: Paul Forjoe <paul forjoed@abghana gov.ghe; Nthabiseng Malumedrha <Mabsmedzhat @ e mra

Subject: RE: South African Alrways A3 30-300 reg: 255200 engine surge 15422

Dear Franik and Prince,

Cowuld you abso please confirm whether any water was drined from the tanks after the aircraft fanded in lobannesburg on 15/4/72 or dunng the following few days.
Thank yow.

Kired resgars,

Siuan

Star Harakins

Senior inspecior of Asr Aocicents

Alr Accidents In ton Branch

Phone +44 {01282 81 Fae +44 (01252 31649

From: Frank Mazoga <ldasogatiScaa oo >
Sentz 15 by 2012 1731

To: Frince Mereodlbe <Erince berpothesiyiag come

Lr: Hawkins, Stuart <SuarnHawkins@aaib gov.uie; Paul Fonoe <paul fonoe@aibghana. gowghe; Mthabiseng Malumedzha <halumedshabi@caa.co.me
Subject: Fwd: South African Alrways 43300300 reg- S-5X0 engine surge 15/422

Dear Prince,

Please see below follow wp questions for darification and ance again thank you for your cooperation and assistance thus far

Regards

Frank

Get Duthook for Android
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APPENDIX 18: AIRBUS IN-SERVICE INFORMATION

In-Service Lnformtlon

A340/A330 FAMILY - WATER MANAGEMENT - WATER DRAINAGE INTERVAL
EXTENSION FOR WING TANKS - NEW WATER SCAVENGE SYSTEM

ATA: IWL rin Rt IM.13.00003

A/C Type: AZIO AC Sene Topic Fest lssue Date 37-JUL-2000

art Nismber Las Publicaten Date 34-STP-2018

Suppter PANKASONIC AVIONICS Las Lnternal Pubtcation Date: O7-3UN-2017
CORPORATION

Unkes Araces: TEU INIZ.00.0Q2 Unked Docmentation: AGTL INAIALA

This arficle cancels antd supersedes SIL ref 28-000,

« Engineering Support Go to Engineernng Support survey!
First lnsue Date! 27 OUL-2008
Lt Fubicaton Deie’ 15-JUL-J014

Mocat
Last Irtermad PubScation Date: 28-0CT-2015

Manufacsser
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SUBJECT: A340/A330 FAMILY — Water M: ~ Water Drainsge laterval E ion for wing tanks - New Water Scavenge System

APPLICABILITY:  All ATMVASH0 Family Aiccruft

MPD task 28.11.00-10-1, MPD 281 1-00-08-1 . MPI 281 1-00-01-1
the water drum valves to drain sccumelated water from the contre, inner and ourer wing vent surge tanks
AMM Task 12-32-28 P Riock 680 - Drain Witer Content

AMM Task 12-32-28 P Block 281 - Sampie Fuel for Microbiol e ion Anaty
AMM Task 12-31-28 I'Bbck m Cold Weather Miuntenance ~ Fael
SIL 25-079 ~ Micrubiok In Fuel Tanks

AMN.?J-!'I-SQWM&W

THU 28.00,00.008 Fuel Tank Water Scavenge Improvements

TFU 28.17.00.002 Potential fuel restriction linked to water scavenge operation
AUT A330-2¥A3114 Denctivate wator scavenge system

0.  REASON FOR REVISION

This arvcle has boen revised 10 contemplate the fallure of & jet Now pump on the Rib3 Water Scuvenge System due 1o dockage and w allow & resemption of the drain
inerval cxcalation procos once the jet Now pump = replaced.
The oppormaity is mken to improve the anicle wording whik: the rechaical contear remaing the sausc.

1. PURPOSE
Fuel wing tnk witer drain difficultics have heen mised by operators of ASMVAIIN (amily, This amicle is to the the of the wier

mlwnodﬁcnﬁm drainage & nge) the objective is 1o reduce the amount of waser that is duained from fuel tanks and reduce the opportunity fv
-nll"ulomy' ds ssues. This & will be used 1o support the AJIOVAIS0 family operators that have
Mhmmuuuumvwm»mumwu i dure to their locel riy h (LAAL then the wing
tank water drainage interval could be extended from the current interval of 7 days 10 uappmpkumlwmh:l.\)\

2 BACKGROUND

Ihe current AZMVAIS0 fammily MPD task recommends that the water deatnage should be complcted on & weekly basis but may be adjusted on approval of local
wirworthiness awhonties: “DEPENDING ON OPERATING ENVIRONMENT & OPERATOR'S EXPERIENCE, A HIGHER INITIAL INTERVAL MAY HBF

USED™.

Opertors have boen struggling 10 comply with MPD rog due pusel i burdens, #s it is our of synchronization with other
scheduled maintenance chocks s well as ¢l it Pa |ty mmomlmlmmlmuwpmh
wmmmmwm»wmmumumummmn-drnmm

The new wing tank water scavenge system wis developed with the purp of enabling an oa of the water drai imterval fram 7 days to an appropriase
nterval sgreed with their LAA,

The K of the | | of the pre/post mod A3I0 and AJ40 atreralt has demonstrated that water is being dratned in much reduced quantities; as a
consequence of the oew waler e systens I is Berefc tuded that with the introduction of the ubove modifications an extcnsion of the water drainage
interval could be achievable.

3.

This d the of the evaly lhmhmﬁumMnaldm-ﬂhpnﬂlﬂmﬁmﬂc&bch:&suwcnﬂh
which provides a duta collection sheet, which shall be used for the interval process for submission to their LAA

The Juton peovess i applicable o beth ETOPS and 000-ETOPS a'e. provided the Operatons seck agrooment (rom their LAA.

The lollowing medili hive been mtroduced, for further details on the MOD, plense rofer o the relevant SHa:

A30-200300

SH 28-3108 Rib 3 Water Seavenge jet pump

SA 28-3106 Rib | Wuter Scavengpe

SH 28-5107 Rib 2 Water Druun & scavenge pipe

Note: for A330-2007300 fitted with RRT700 engines, please refer 10 AOT A2I0.28A3114 and THU 2K.17.00.002 for farther details.

A40-2001300
SB 284023 Fuel - Water Scaverge — Install a Wister Scavenge system
SB 285-4121 Rib | AFT Innor tak scavenge pipe and water drain pipe

A, Mcthod of Dita C for E: of Task Interval Extension

Before any embodiment of AIMVAZS0 water tge system, the op i ible for the impk of a dam collection survey 10 estiblish the baseli
performance of the pre-mod arcraft with respect W water The of pertc would be based on the volume of water draned via the witer
sraen vatvans
T docament does not by itself ap the of the water dry miterval from the recommendad MPD imterval of 7 days.
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B. Fuael Tanks Covered

Data collection process is 1o record dats from all sircmft fuel tanks, inclhuding:
. Inmer Wing tanks
. Ouser Wing: tanks
. Lulcfaﬂ (both water drain valves)

Surpe Laky
um; Trim tanks and ACTs are excludod from these guidclines, However, opersions may decide 10 exiend the water dram imierval also 1o these tanks f approved by ther

€. Water Drain Valve Evaluntion Period and Lnteryvals

The current micrval defined in the MPD s 10 operate the water deuin valves every 7 day calendar time. This includes the contre tank whather or not it is boing ueed.

To support the exiension of the water drinage mterval, supporting data is to be collected for 2 mini h period. The mi period of ion at the
exteaded interval is specificd in Teble 1.

Drainage Interval Migimum Evalustion Period

Wockly — cuncnt porvod 2 monchs( *)

Two-weckly  ~ suggested text step 3 mwonths

S00FH 6 months

Extended uterval up 40 & maxunum of Munimun

S00FH or A-Check interval of 12 months

Tuble 1 —Mini Evaluation period for Draisage loiervals

(*) The evaluation period of 2 Months for weekly drainsge s 10 be taken as a baseling,

wamlmmmmmmwmhuu-ﬁuulunnmuad:fwmluAIWAuowll Owr-tnwhmcwnﬁ
from these maxy need (o make 10 Uis witer interval sk with their Regulatory Authoriry.

Al the end of the evaluation penads proposed m Table (1), the operator 15 fo review the dats agsing the advisory pass/fail criteria defined m parsgraph 3 G, below. This
data can then be used 1o support the water drainage imterval extension,

D. Seasonal Fluctuations.

The druinage interval and evaluation period defined i passgraph 30 does not aceount for any 1 variation in the hon aod denioage of water. A ey
u-mndlhmwlh:um dod water inzerval i impl d. data should continue 10 be colkcted st this new interval, until 3 total of 12 monthy of
data has boen collected and analysed over all this is 1 ensure thore i no seasonal increase in drainod wuter quantities.

When opomting in cold weather the fuel remuining in the tank may be below 0°C, in ths case any secumudated wister undor Water Drusn Vidves (WDV) muy be froeen,
In such conditions the operator should emsare that when water drsinige is perft d, it ks perfe d in ook with the appe cold weather proccdure (refer o
AMM task 12.32-28)

E. Muintenance actions

During the minimum cvaluation period. as specified in tables 1 . the operator should recond the drinage data, as specified in pamgraph 4 Tn additive. the of shoukd
carry out regular fiucl ling checks for microbial and witer
Any In-service issues that anse and may be attnbuted 1o water g should be fully before procoeding with the extenssan of the water dramape task

interval. 1f abnoemally high volumes of water are found during 1he period of the cvaluation. then this may indicate the aced 10 FOVEN 10 8 more froguent water dramnage
interval.

¥ Adreraft & Route

The witer sccumulution e in an pircafl fuel system is determined by the water held within the fuet and the water held within the air that is inoduced from the vest
systems, Therefore, it is preforable that aircraft uscd 1o support the water drainage interval extension bave high utilization.

The acewmbation sl dratnage of water = also on e ofp OF the roures oF the AXC. Therefore any aircrafl invelved m the sarvey shosid he
P of the route 50 that the variation in cnvi d 3 may be fin d mto the results.

In addion, the survey data should be from the same aircratt rather than haphazand data reccived from the et To ensure that inage datn % obtained, it i
important that all the drsinage reconds of ull

the aircmafl jn the survey ane collectad. 11 the tak of itormny; the complete flect is & { 4 38 betier w0 humat the evaluation 1o specific arcrfl in the Neet that

repeesent the fleet route structure.

G. PawFail Criteris

The op shootd consid inating the cval penod for 3 wiven deainage mterval ue por Table 1. ond dly dhe water drus imterval I ke o'
any of the followmg coteria oocur-
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= Any adverse operating efiects on engines and fuel systenm equipment that may be andibuted 10 water e FQI ervatic or last, fuel pump failures, engine
filters clogged, ete
«  Engme /APU maintenance issues that miy be attribused 1o water, e.g APU starvaton,
1f during te evaluation period, the water guantity drained from each of the water drvn valve locations for the AJ30AIM0 asrcealt post-water scavenge modifications
tables Al 1o A2 are above the Pass/Fail Criteria volumes this should be investiguted 10 estublish whether the result is spuniows or can be justified prior to take xny decision
in terminating the svaluation period.
The following questions should be considered when & i1 the result is 5p or purt of § trend:

*  Was the volume of water drsined measured correctly andior accurasely”
(Ref Procedure in Paragraph 4.8)

*  When wat the tank drained proviously? Was the previous dminags missed?

*  When was the drained satnple taken (¢.g before/alier refucl)?

*  Hus there boen o change i the operution of the aircraft, such ax new routs structure?
= Does the result conform to the water drained data trend records for the evaluation

= T the result consisiont with other sircrafi involved in the eval operaling in samilar rooles?

Different scenarios omy occur depending on the sircall type:
GL A0 arcall s
GLIL It is found that the resalt is a spurious result. then the evaluation may be continued.
G122, Wihe result in considered to be valid and ix part of a trend. and relages to virions WDV or a single WDV then, there should be no further extension 1o
the drainage interval.
2. ALI0 sucrall sype
G211 1Citis found that the resall is 3 spurious result, then the evaluation may be continued.

G2, IF the resudt b considorad 0 be valid and s parr of & trend, and rolaes 10 various WDV or & single WDV difforent from WDV FIN
S104Q81/5104Q54 then. there should be no further extension to the druinage interval

G23. i the result is considerad 10 be valid 2nd is pant of a trend and relates 10 WDV FIN S1040S 15104084 only, then the cause of the event has 10 be
investigated as per TSM TASK 28-17-00-810-802-A Fuel Too Much Water Found During the Water Drave Procedurcs. There are throe possibilitics:

G211, Jet Now purnp blockage:
l I!mnowmblodnuuwnnmcdmpbcukmmum
b, [f the jet flow pump can only be replaced at the next i ity then, revert hack to the witer drain interval quoted in the
MPwahmﬂlﬁcmnﬂmlh:mmﬁlhe;u—Mme

G232, Suand-by pump maifunction,
a. Do the applicuble maintonance action to rostore the pump functioning .
Note: Following the rectification of a jet flow pamp blockage or Stand-by pump malfi e, the evalk peciod us per Table | can be resumad.

G233, I the couse of the event i neither o fet Nlow pump blockage nor 4 Stand-by  pemp malfunction. then there should be ao further aaicnsion 1o the
drainage imerval

Larger volumes of water may be permitted o accumulate in wansfer (e, non-foed) tanks. The himits in Tuble Al - A2 are rounded to the ncarest 0.5 litre und should
be reganded as the maximum valecs for the permussible enifenia,

The reconds of water dmined from each aircrudt should he recorded so that the data trend can be reviewed against the limits in Tables Al - A2 before a docasion 1
taken to move to the next druinage interval.

The reconds of water drained from each aircrafl should be entered onto i graph so that the duta trend Tine can be reviewed against the specified PassFail erterin

In the case of A3S0 mrcrait 1ype, ooce the evaluntion process bas boen lctod and an appropriste de interval has been apreed with the cocresponding LAA,
MwmqmwmmmwmqumwaMmmmm-wus|

4 METHOD
The following pasagraph outlines the mcthod by which the data can be Laken and recorded 1n order 1o suppon the water drsinage interval extension
A. Process Method

The below figure (1) prosents the process for the water deaimagpe evaluation.

Operator wentifies Sil. procedare I
for iroplementation
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1

Operator defines cvaluatson process and plan
(Dixcuess with Local Airworthiness Authonity)

F\ﬂmumﬂﬂdvm
Mmﬂw

Owawteolhnb.dmmchn
(Ref passfail critera m Pam 3.G)

Use of data 10 support water
drax task intarval !

l

l Foxtended water drainage Inerval l
agread

Contimsed roview of data for total
of 12 months

Figure 1: Process Model for In-Service Water Dramage Ixtensson
B, Guidance for Water Deain Method

Operste all water drnin valves (WDVs) w remove all waces of waler ok with AMM p dure 12-32-28 PBlock 301 Whendn-nlqm thednhd
sample should be clear and bright, if milky this indi the p of deified witer, Also check for signs of the
Mn:u:-dmdhwhn:ufnwm-ixd\vl—.dmmlul (‘unl'nnnlluuun!wuh\;hmmuvdbymm:smm\m

several times, i Y. 1 @ fow mi dclay b drain op

Any dra that are 1 lcotwro(m:wdmnmulnruﬂhm)whdm-dwuukfwwbﬁnmwdb-mmuhyn
of fuel and water to form. 1 no further water hils setthed in this ame the volume of emulsificd water may be regasded as being negligible. Record the volumes of the
scparate layers of fuel and water.

l|unumu~duug|hcpwnaurubnd-qu¢mdmmaM”hwmnmwwlmw) and comectly w avold the risk of
and water buildeup m the tanks,

C. Cold Weather Precantions

Prior w performuing @ water druinnge sk, cnsurc that wetes is ot 0 its frozen state by chocking tut the feel tank lempersturey are above + 3 °C and the WDV arc
not fromen, 110t is suspected that the WDVs are frozen:

= cither corry out the water dramage cold weather mak Jure in AMM g dure 12-31-28 PB 201 “Cold Weather Mamtenance - Fuel™

= o dean the fuckwater at feast | hour atler sofuel.

Note Drainage sumples taken in a tank being Jess than +57C often huve
no water content, this is due 1o the water prosent in the tank bemng Hozen

0. Dars Collection

The proforma 1o use for data collecton s provaded in Appendix 9.

Print and also recordiretain the MCDU probe capacitsnces post flight 1o establish if there s any treed in increased capacitance, which iy indicative of build-up of
water.

At the end of the evaluation period for the drainage mierval, the should review the list of any choduled faults or operating issucs
J with ATA 28 [ during the review period. In particular, the airine should monitor the FOT system for fariure effects.

K. Proand Post Interval Extension Evaluation checks

Prior to undertakiog the deamuge interval son the op -ﬁwidcnn-ywl-fud ling chock for bnal aned waser i i} with AMM
mkl’i*-urbnl-s-vlefudﬁr b ieal lysis and SIL 28-079. Alhdﬂuhw&mhwhwtmﬂmm-
further fuel sampling check for il and water a

1w it itics of water are p y & baild up n the fucl system, this can bead to an morcesed risk of fuel quantity indication diseuption and fuel tank
microbiolagical contarminaton,

5. DATA PRESENTATION

Data collectsd by following the process described in this articks shoold be used 1o & ine whether the g ty of water drained from cach wnk is less than that

specified by the pass/fail criteria. 1f the quantity of water drained iy groater than the specificd quantity -d-chn‘ﬁnlmlhmhmmhummd
shuuld by woed,
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6. MODIFICATION INFORMATION

Not Applicable
7. MATERIAL
Not Applicable
8. PROCUREMENT
Not Applicable
9. APPENDIX
A330 Water Drain Valve Drainage Limits
Post Water M cment Mods
WDV Location g _lll—.'\'-.—'-_._.‘wu_nm Tustification
Limit
(Htres)*
loner Wing, Tank 1020813102082 [E] Main watsy, tanh saup ~
(Rib1-2) feed tank
Callector Cell 5104Q82/5104Q83 0s Fewd tank
(Rib 2-3)
Standby Pump nres SI030S 15104057 s Feod tank (sump)t
(Rib 3- 4)
(‘when St ON)
aner Bk (Rib | S107QS1/5 107052 0s Focd tank'
4-5
_(‘when Stdby g(wl
Outer Wing Tank TI0IQSI73 101082 0s Nom-fead mnk, lane
reticety smaller tank
vuh-_c
Vet Surge Tank 5100Q81/51000Q82 0s Non-leed taak, bann
reflocts smaller tank
volume
Centre Tank LIS & 3103Q81/5103082 Lo Non-femd tank, e
RHS reflects large tnk volume
Tabte AL
*Neles: water drain limit applics for one water drain valve
A330 Warer Draln Valve Dralnage Limits
Post Water Management Mody
WDV Locatian Fin No. Water Drain Justification
2 Limit (Fitres)*
Inner Wing Tank Fwd STISQSUSTINOS2 LS Main wing aak aump ~
(Rih 1-2) poe-feed tank
Taner Wing Tank S102051/5102082 [ Main wing cnk sump -
(Rily 1.2) transfor tank
Tnboard Collector Cell | 3104082310108 § 0.8 Teod mnk
(Rib 2-3)
Outbeard Collector Cell | SI080S1/S104054 ns Feod tank
(Rib 3- 4)
taner Wing Taak S1070513 107052 [ Non-feod tank
(Rib4-5)
Outer an SIDIQSUSIOIN2 0.5 Non-tfeed tank, himut
reflects somaller tank
volsme
Vent Surge Tank SH0QS TS 10008 5} Non-feod tank, kot
reflocts smalier ank
volume
Centre Tank LHS & SIO3OS 1 S103082 (K Noa-food tank, hmdt
RUS reflocts large tank
voleme
Table A2
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Notws: water dratn limit applies foe one wiler dran valve

Objective
T collest ascurse winer draistage dutn %o provide (e Basis 10 exsend the walor drainage mmerval ond rod cosi

Data Collection

Conmplene (e rokimns mevurasely m seoondance wills the peduscs Inivw. Print ind coconbiresam the MCDL probe capocamsces pou
ligght o evabdish if thers bs any Dend in wcressod copaciumcs (Rel, siap 2 hellaw).

The servey duty must be from she same sireraft eather than hapbazand dast eeeived froem the ot T emaare St comtamnons drmage
data vt ehtmmod, # o spoctint that sl e drseagge rooanh of 4l the ascrl involved (s doe 15T ape pruvided. The IST shesdd smswlve
wrcrn i mtes sopresetitave of the fleat.

Culd on Water Drainage Method
Opemate all water draim valves (WDV's) 5o remuve 28 mraces of water w scvoedmcs with AMM pevosdure 12-31-2%, Meusure und
peviond e vokuinie ol [l removed s volume of waler comtens. Conlirm ol traces of waler have Bovi| femoved Dy ogersting s wiser Ui

walve seversd tmes. 1f peccasary, allow & 10w maments oiay betwesn dram spnratais bo ulivw wiso W culict o e vabve prkoup

Any drssnuge swmples Sl urs emulilicd should be allowad 10 st for up 1o i miswe 10 sliow the sopaate layers of fudl and wisier W
Farm. 1 oo fatther waler has settlod e Shan tiams the volume of crmsbafeed water meay b reptnbed at heing negligssie Rooond the valumes of
e separste Seyurs of fuel wnd wutcs.

NOt: Prine 80 Camyingg o water desstage tank, sy |1a¢ water i nes i o fosen s Dy «hciing (v e feel ek S ernires ine

sbove +4 * € s the WDV s00 ned frozon. 1F #f is aetpectad st e WDV are fiuen oithes cary oul She water desamage ool wenihes
i AMM 12-12-28°3 or demin the fuel waser 3t least | 1 after refuel proceduse.

Step 1: Enter airerall details below

Aircraft Registration Airpert Dateftime | Air temperature

|
Step 2: Pre-Water Drain Print MCDU Tnput ™ « (probe capaci Refucl w and
perform ground scan and attach resulty
Step 3 : Enter individual fuel tank ities and bolow
Individual Fuel Tank Quantities (Litre)
L OUTER L INNER RINNER | ROUTER | CTR | FOB

[ ] |

ECAM Fuel Temperatures ( Degree °C)

L OUTER L INNER RINNER ROUTER

Emulsified water may be regardod as being sepligible.

Step S: Enter quantity of water only drained below. Drainage samples that are conulsified should be
allowed to xertic bricfly (up to Smin) to allow the separate layers of fucl and water to form.
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Quantity of Water Drained (Titre)
v e |t ewrren | LINNER | LINNER | LINNER | LINNER | -7




SvEIE | U s RIB 45 RIB 34 MBS RIB 12 o iee
(A4 Only)
S1000%1 | s101081 S109Q81 104051 5104082 S102Q81 SSQS1

Quantity of Water Drained (Litre)
RINNER RINNER | RINNER | RINNER | RFWDINNER

RSURGE | ROUTER | g es RIB 34 RIB 23 RIS 1-2 . - "(',fm
[“Siob082 | si01082 | 5109082 3104083 3104083 | 5103083 115082
Quantity of Water Drained (Litre)
L CENTRE WCENTRE
S103051 5103082

The information below is for INTERNAL USE ONLY. Do not distribute outside Airbus.

Daar . You recantly the Airbus articla 28,11 00001.HES. W rmally woudd ika 10 gat your feadback aboul the uselulness of the
subjact aricle section, Thank you!

* Pleaso rate the followng gquestion
Very neiohd Hephs St e wiso| NoOt st all heluhs)

Wass this anticle section helpfur? )

= YOUr COMMONT (in aarmcuine  you wane Sesntafing 50 el we Com Take e Aecensiny e 1 Wowe (o ket

* Your contact information:

* Comgany.

{ - * Company type
s () Ardne

! MRO

Lmat aodioss. Other

o=

|

ﬁ""’"""'

l

Lk 1o CrocaCe Nl
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© Marbys SAS, 2018, Al rights resecved. Corfideniial and prooretary SOCUMENT. TRE TAENC informelion srovided in thes article ik far convensancs and inform stion Purposes oely,
I shall in ne cass rephace the official Awtus techmical or Fight Operaticry dala which shall rerain the soie Sess (oF aUTral mairerands and operation. These recicsfintat s
and informadion do ot conatitcte a contractual MMFERETENL, waEMy o guardniee wistsoesver They chull npt superssdn the Aebs echalcal ier oeerebonal docarmentation:
S0aid By deviabion apoear Betwesn this article and the Awbus or Aline's oficial manuals, the sperator mast SN (0 COvRr € with D aopeooriate documers meh 25 TA, FCD,
RDAS, Ascmzs to WISL in suppsod By Alrteud wiider the €apress conmitsan that Alrtais Feioby discsainms any and el linbility for the we made by the wpe of the nformacion conmned
I WISE. It snall 58 psed for the user's swe purpssst anly 8nd Sl Aot be reprodueed o disclosed to any thind party wethout e prior consent of Risbus.
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APPENDIX 19: BEA COMMENTS

Ex = .
REPUBLIQUE
FRANCAISE

Bureau d'Enquétes at d’'Analyses

BEA Comments

Subject: BEA comments on the draft Final Report on the serious incident that occurred on 15th
April 2022 to the Fixed Wing AIRBUS - A330 - 300 registered Z5-SXM and operated by South
African Airways (SAA).

The BEA has been consulted with respect to the draft final report on the abovementioned serious
incident. In order to promote safety learnings within the aeronautical community, the BEA considers that
it would be beneficial to add information to the Final report on :
= the ground phase in order to improve the operators and personnel in charge of refueling awareness.
« the in-fight phase to improve crews awareness.

In accordance with paragraph 6.3 of ICAO Annex 13, this document is to be appended to the final report.

Significant comment 1 : On ground phase

1.1 Refuelling
BEA suggest adding in the factual part of the Final Report a description of the fuel system based on
the information provided to Ghana AIB by Airbus.

In the draft final report, it is mentioned that :

e The aircraft landed at Accra with about 9 tons of fuel. During the refuelling, the fuelling stopped
after about 600 litres uplifted to the aircraft, with fuel guantity indications set to XX_ The fuel system
was not capable of measuring the fuel quantity in the tanks due to probe capacitance out of range
(often indicative of excess water).

= Then, the aircraft experienced several other fuelling interruptions with fuel quantity indications set
fo XX

= During the troubleshooting phase, no equipment malfunction was identified.

= [t was reported that “200 litres of water were drained from each of the aircraft's wing tanks”.
The CCTV helped at reducing the amount of liguid drained between 140 lifres and 280 litres (the
quantity of water could not be defermined)

Morevoer, the operator indicated that:

= The aircraft did not experience any anomaly during the previous flight neither during refuelling at
Accra, nor during the event flight. The post-event troubleshooting performed on arrival at
Johannesburg did not reveal any system nor engine issue.

Airbus indicates in the fuel system description that FQI XXX is the result of at least 4 probes failure that may
be the results of an equipment malfunction, or fuel contamination.

K mbre du reseau
Aéroport du Bourget
Zone Sud — Batiment 153
10 rue de Paris
93352 Le Bourget Cedex
France
Tél - +33149927200
www.bea.aero
@BEA Aero
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REPUBLIQUE
FRANCAISE ——

Bureau d'Enquétes el d'Analyses

Based on the above mentioned information, it is possible to provide substantial explanation on how fuel
contamination can cause the automated fuelling system to stop and would provide safety lessons to
operators and personnel in charge of refueling.

1.2 Airbus safety action
BEA suggests adding a chapter related to SAFETY MEASURES TAKEN SINCE OCCURRENCE

Airbus troubleshooting manuals (TSM)
BEA suggests adding that Airbus has launched a review of the following TSM tasks in order to identify some
ways of improvement to address the possible fuel contamination and the multiple reset -

. TSM task 28-42-00-810-951-A Fuel - Tank Quantity and FOB Quantity Shown Amber XX
. TSM task 28-25-00-810-821-A 'Refuel Will Not Start or Cannot Be Completed’

Airbus Information to operators

. BEA suggests adding information on the Airbus Operators Information Transmission (OIT
999.0044/22 REV 00 released in June 2022) related to fuel shortage and assocciated fuel quality risks.

Significant comment 2 : In-flight phase

BEA suggests adding information provided by the FDR and PFR analysis performed by Airbus and Rolls-
Royce and supported by the BEA.

e After about 5h of flight, the aircraft experienced a low pressure of the right main pump 2 then, within
the same minute, a low pressure of the 3 nght pumps.

« 15m later, the aircraft reached FL200 to enable the fuel gravity feeding, in accordance with
published manufacturer procedure (FCOM)

« Few minutes later, the aircraft experienced 3 engine #2 stall ECAM warnings.

« The descent was performed with engine #2 at reduced thrust. However, during final approach, both
thrust levers were pushed several times and engine #2 followed the command

Rolls-Royce determined that the engine #2 suffered engine fuel starvation. The fuel filters were not
clogged as the bypass valve did not activate and no related ECAM warning triggered.

Therefore and taking into account that:
« During the previous flight, the aircraft did not experience any FQI XX
« The first FQI XX and fuelling stop occurred when about 600 litres were uplifted into the
aircraft
« Presence of water in the fuel was confirmed after the event flight
+ Inspections confirmed that pumps inlet & scavenge were not blocked
« Fuel filters were not clogged and bypass valve did not activate

e mbre du reseau

Aéroport du Bourget
Zone Sud — Batiment 153
10 rue de Paris

93352 Le Bourget Cedex
France

Tél - 433149927200
www.bea.aero

@BEA Aero
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REPUBLIQUE
FRANCAISE

BEA fully supports the Airbus and Rolls-Royce analysis that considers that It is unlikely that the
engine fuel starvation was due to the presence of MBC and is more likely due to presence of a high
concentration of water in the fuel, which occurred, at least, during the first fuelling phase (initial 600

litres).

Aéroport du Bou
Zone Sud — Bati
10 rue de Paris
93352 Le Bourget Cedex
France

Tél - +33 149927200
www.bea.aero

@BEA Aero

et

BCA_

Bureau d’Enquétes et d’Analyses

Membre du eseau
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Unless otherwise indicated, recommendations in this report are addressed to the
appropriate regulatory authorities having responsibility for the matters with
which the recommendation is concerned. It is for those authorities to decide
what action is taken. In Ghana the responsible authority is the Ghana Civil
Aviation Authority or the Aircraft Accident and Incident Investigation and

Prevention Bureau, GL-025-7631, info@aibghana.gov.gh.
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