


CONFIDENTIAL 

Final Report  AIB/2022/04/14-15/INCID 

________________________________________________________________________________ 

 

________________________________________________________________________________ 

ii 

CONFIDENTIAL 

AIRCRAFT ACCIDENT AND INCIDENT INVESTIGATION  

 AND PREVENTION BUREAU 

La-Wireless, Adjacent AU Village 

Cantonments-Accra 

GPS: GL-025-7631 

 

     Tel: +233 (0) 50 239 6070 / (0) 57 200 0888 

      http://www.aibghana.gov.gh 

 

This investigation was conducted by the Aircraft Accident and Incident Investigation and Prevention 

Bureau (AIB Ghana) in accordance with Annex 13 to the ICAO Convention on International Civil 

Aviation and the Ghana Aircraft Accident and Incident Investigation and Prevention Bureau Act, 

2020 (Act 1028). 

  

The sole objective of this investigation is to prevent the occurrence of future incidents. It is not the 

purpose of this investigation to apportion blame or liability. Furthermore, this report should not be 

used to assign blame, fault or to determine liability.  

 

No part of this report can be copied or reproduced for any purpose without permission from the 

Aircraft Accident and Incident Investigation and Prevention Bureau (AIB Ghana) except for general 

safety references.  

                            

                            NOTIFICATION OF ACCIDENT OR SERIOUS INCIDENT 

    EMERGENCY No. (Tollfree): +233 (0) 80 000 6007 

      SHORTCODE: *899*14# 

 

 

Published: 04 October 2023. 

 

Copyright: AIB, Ghana 

 

 

 

 



 

iii 

CONFIDENTIAL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

iv 

CONFIDENTIAL 

 

 

CONTENTS 

GLOSSARY ..................................................................................................................................... viii 

INTRODUCTION ............................................................................................................................. ix 

SYNOPSIS ........................................................................................................................................ 10 

1.0 FACTUAL INFORMATION ........................................................................................... 13 

1.1 History of Flight ................................................................................................................. 13 

1.1.1 Fueling in Accra ................................................................................................................. 13 

1.1.2 Flight SA9053, ACC- JNB ................................................................................................. 16 

1.1.3 Sources of Information: ..................................................................................................... 16 

1.2 Injuries………. ........................................................................................................................ 17 

1.3 Damage to Aircraft ................................................................................................................. 17 

1.4 Other Damages ....................................................................................................................... 17 

1.5 Personnel Information ........................................................................................................... 17 

1.6 Aircraft Information .............................................................................................................. 18 

1.7  Meteorological Information ................................................................................................... 18 

1.8  Aids to Navigation .................................................................................................................. 18 

1.9  Communication ....................................................................................................................... 18 

1.10  Aerodrome Information ......................................................................................................... 18 

1.11 Flight Recorders ..................................................................................................................... 19 

1.12 Wreckage and Impact Information ...................................................................................... 19 

1.13 Medical and Pathological Information ................................................................................. 19 

1.14

 Fire………………………………………………………………………………

……………..19 

1.15 Survival Aspects ...................................................................................................................... 19 

1.16 Test and Research ................................................................................................................... 19 

1.17 Organisational and Management Information .................................................................... 19 



 

v 

CONFIDENTIAL 

 

1.18 Additional Information .......................................................................................................... 19 

1.18.1 Post Flight Maintenance Findings and Analysis by SAA Maintenance ....................... 20 

1.18.2 Rolls-Royce Plc Engine Review ........................................................................................ 21 

1.18.3 Airbus Post Flight Report (PFR) Analysis ...................................................................... 28 

1.18.4 Fuel Contamination ........................................................................................................... 29 

1.18.5 Electronic Water Sensor System ...................................................................................... 35 

1.18.6 Airbus Fueling System ....................................................................................................... 37 

1.18.7 Airbus Post Event Safety Actions ..................................................................................... 44 

1.18.7.1 Operators Information Transmission - OIT ................................................................... 44 

1.18.7.2 Troubleshooting Manual – Tank Quantity and FOB Qty Shown Amber XX ............. 47 

1.18.7.3 Troubleshooting Manual -Fuel – Refuel Will Not Start or Cannot Be Completed ..... 49 

1.18.8 Monthly Maintenance Report of Refuellers (RV01 and HD01) - Appendix 10 ........... 54 

1.18.9 Extract from Transportation Safety Board of Canada Aviation Investigation Report 

Number A08Q0082. ........................................................................................................... 54 

1.18.10 Extract from Interview with SAA Engineer on Flight SA052/9053 of 14/15 April, 2022

 ............................................................................................................................................. 55 

1.19  Useful or Effective Investigation Techniques ....................................................................... 56 

2.0 ANALYSIS ......................................................................................................................... 57 

2.1 Water Contamination During Refueling in Accra.......................................................... 57 

2.2 Water in Aircraft Fuel Tanks ........................................................................................... 58 

2.3 Fuel Drain Procedure and Quantity Drained ................................................................. 58 

2.4 Effect of Drainage of Fuel Tanks on Refueling Interruptions ....................................... 59 

2.5 Solution to Refueling Challenges ...................................................................................... 60 

2.6 Confirmation of Quality of Fuel Supplied ....................................................................... 60 

2.7 Microbiological Contamination (MBC) ........................................................................... 61 

2.8 In-Flight Event ................................................................................................................... 61 

2.9 Post Flight Analysis ........................................................................................................... 62 



 

vi 

CONFIDENTIAL 

 

3.0 CONCLUSION .................................................................................................................. 63 

3.1 Findings …………………………………………………………………………………..63 

3.2 Causes/Contributory Factors .................................................................................................... 64 

3.3  AIB Ghana Comments on BEA Submission on Final Draft Report (APPENDIX 19) .... 65 

4.0  SAFETY RECOMMENDATIONS .................................................................................. 68 

APPENDIX 1: NOTIFICATION OF SERIOUS INCIDENT ............................................... 70 

APPENDIX 2: COMMENCEMENT OF INVESTIGATION ............................................... 75 

APPENDIX 3: SAFETY/OCCURRENCE REPORT .............................................................. 2 

APPENDIX 4: PICTURE OF THE 20 LITRE CONTAINER ................................................ 8 

APPENDIX 5:   SAA INCIDENT INVESTIGATION REPORT ............................................. 9 

APPENDIX 5:  ATTACHMENTS (1-13c)................................................................................ 17 

APPENDIX 6: PUMA ENERGY INVESTIGATION REPORT .......................................... 33 

APPENDIX 7:  JIG CERTIFICATE OF APPROVAL - PUMA ENERGY ........................ 35 

APPENDIX 8: USE OF SYRINGE AND CAPSULE WATER DETECTOR MANUAL .. 37 

APPENDIX 9: AIRCRAFT FUELING USING A FUELLER MANUAL ........................... 40 

APPENDIX 10: MAINTENANCE RECORDS OF VEHICLES (RV01 AND HD01) .......... 47 

APPENDIX 11: FUEL DELIVERY TICKET .......................................................................... 59 

APPENDIX 12: REFUELLER VEHICLE (RV01) .................................................................. 61 

APPENDIX 13: HYDRANT DISPENSER (HD01) .................................................................. 63 

APPENDIX 14: OPERATIONAL DATA PLATES FOR RV01 AND HD01 ........................ 65 

APPENDIX 15: PUMA ENERGY CUSTOMER AIRLINES AT KIA .................................. 67 

APPENDIX 16: AD HOC INSPECTION OF PUMA ENERGY FACILITIES: UNITED 

AIRLINES .......................................................................................................................... 68 

APPENDIX 17: EMAIL FROM SOUTH AFRICAN AIRWAYS .......................................... 69 

APPENDIX 18: AIRBUS IN-SERVICE INFORMATION ..................................................... 70 

APPENDIX 19: BEA COMMENTS .......................................................................................... 79 

 



 

vii 

CONFIDENTIAL 

 

  



 

viii 

CONFIDENTIAL 

 

 

GLOSSARY 

 

AIB Ghana - Aircraft Accident and Incident Investigation and Prevention Bureau, Ghana 

SAA   - South African Airways 

SACAA - South African Civil Aviation Authority 

AIID   - 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 

lpm   - 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 

OCC    - 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 (AIID) 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 (AIID) 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 (RV01), 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 (HD01). 

  

All water tests carried out on the fuel from the refueling truck (RV01) as well as the 

hydrant dispenser (HD01) 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 RV01 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 RV01 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 

1.1 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. 
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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 RV01. 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 (HD01) 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 HD01.  

 

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 RV01 and 31,587 litres from the hydrant 

dispenser HD01). 

 

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 RV01 or 

HD01) 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 2018Z 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 AIID South Africa on 25 April 2022. 

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

2022. 

• SAA Incident Investigation Report dated 27 May 2022. 

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

• Interviews with GACL staff. 

• Interview with SAA engineer. 

• Site inspection of PUMA Energy Facilities. 

• Inspection of PUMA Energy records. 

• Inspection of fuel disposal site. 

 

 

 

 

1.2 Injuries 

 

 Not Applicable 

 

 

 

1.3 Damage to Aircraft 

 No Damage 

 

1.4 Other Damages 

 Nil 

1.5 Personnel Information 

 SAA Engineer: 

• Work Experience – 7(1/2) years 

• Experience on Aircraft Type (A330) – 5 years  

• License expiry date – 22/01/2024 

 

PUMA Energy Shift Supervisor 1: 

• Work Experience – 4 years 

 

PUMA Energy Shift Supervisor 2: 

• 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 A1 

 

1.7  Meteorological Information  

• Visibility: 10 km 

• Temperature: 28ºC 

• 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  
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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  
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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). 

2. Fuel filters removed contained MBC. 

3. 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. 

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

foreign objects. 

5. 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. 

6. On arrival in Johannesburg the tanks were sumped a few times and SAA 

reported that no water was found. (Appendix 17) 

7. 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 
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1.18.3 Airbus Post Flight Report (PFR) Analysis 
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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 0C. 

Water becomes "undissolved" from fuel as the mixture is cooled at about 2 ppm 

per 1 oc. Fuel loaded at 10 oc and an aircraft flying at altitude with fuel at -40 o 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 Velcon 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: 

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

• 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. 

 

iii. Aircraft design 

Microbiological growth is enhanced in: 

• undrainable water/fuel tanks;  

• warm inboard tanks/trim tanks. 

 

iv. Flight Operations 

Microbiological spoilage is more likely in aircraft:  

• operating transoceanic flights;  

• operating at low altitude. 

• in warm climates  

• low utilisation.  

• fuel tanks which are underutilised.  

• aircraft parked or in storage.  

• 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 is 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 

• Operational disruptions. 

• Unscheduled grounding for decontamination and other related issues. 

• 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: 13th 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 HD01 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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• A compatible controller  

• A sensor warning light (blue) 

These systems are connected to the Deadman system to ensure automatic fuel 

shutdown, under the conditions specified below: 

• The EWS measures a free water concentration of 30ppm to 50ppm for 

more than 10 seconds or 

• 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: 

• 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). 

• Fueling Mode: When fuel flow commences, the light constantly 

illuminates indicating that the system is operational. 

• 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. 

• 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. 

• 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 

 

T
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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 lbs) 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% (20º 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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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: 

• To trigger low level warnings and stop jettison. 

• 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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ENGIN

E 

FEED 

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 lbs). 

3. Trim tank fuel transfers to the inner tanks. 

4. Each inner tank empties down to 3500 kg (7720 lbs). 

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 

 

 

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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Source: Smart cockpit A330-300 (Fuel)  
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1.18.7 Airbus Post Event Safety Actions 

 

1.18.7.1 Operators Information Transmission - OIT 
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1.18.7.2 Troubleshooting Manual – Tank Quantity and FOB Qty Shown 

Amber XX 
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1.18.7.3 Troubleshooting Manual -Fuel – Refuel Will Not Start or Cannot Be 

Completed 
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1.18.8 Monthly Maintenance Report of Refuellers (RV01 and HD01) - 

Appendix 10 

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

• 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 

 

1.18.9 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, I have no idea. I was on the ladder draining, I handed 

it down to ground crew. They handed me another container. So 
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unfortunately, I have no idea what they did with the fuel that was in 

the containers that I 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, I 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  

 

• 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. 

• Reference to similar investigation reports - Seeking information on similar 

occurrences for the benefit of the investigative process. 
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2.0 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 HD01 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: 

• 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 HD01, 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 HD01 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 (HD01) 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 HD01. 

 

It is likely that the increased flow rate of supply from the HD01 (max operating flow 

rate of 4140 lpm), as compared to that of RV01 (max operating flow rate of 2300 

lpm), 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: 

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

• 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 

 

3.1 Findings  

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

in Accra. 

b. Puma Energy, Kotoka Airport, Accra was properly certificated to JIG standards 

for the fueling of aircraft. 

c. The inspection records of Fueller vehicle RV01 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) 

d. Operating procedures of Puma Energy were satisfactory. 

e. All the chemical water tests conducted on the fuel supplied were satisfactory. 

f. The bright and clear check on the fuel was not conducted. 

g. There was uncertainty about what was causing the multiple refueling interruptions. 

h. Multiple resets of the aircraft’s fuel system did not stop the auto interruptions 

whilst refueling with RV01. 

i. The fuel drain did not stop the automatic interruption whilst refueling with RV01.  

j. The fuel drain did not follow the recommended procedure. The determination of 

water in the fuel drained was by touch, viscosity, smell and experience. 

k. The quantity of fuel drained from the aircraft cannot be accurately determined.  

l. Different quantities of fuel were drained from each wing tank as observed on the 

KIA Security CCTV footage.  

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

n. No other airline serviced by Puma Energy on the day in question reported any 

problems with refueling. 

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

using HD01. 

p. 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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q. 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 25th 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) 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. 

c) The Engineer had not experienced such a multitude of fuel auto 

interruptions previously. 

d) 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. 

e) The initial water drained from the aircraft’s fuel tanks led to a fixation on a 

possible water contamination from refueller RV01 even though the water 

checks indicated otherwise.  

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

fuel phase in the sample was observed. 

 

In-flight Incident 

g) There may have been icing in the right tank pump output pressure sense 

lines. 

h) 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. 

i) Engine no. 2 failed to respond appropriately at FL190 during fuel gravity 

feed procedure on the event flight. 

 

3.3  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 HD01. 

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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4.0  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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APPENDIX 2: COMMENCEMENT OF INVESTIGATION 
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APPENDIX 3: SAFETY/OCCURRENCE REPORT 
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APPENDIX 4: PICTURE OF THE 20 LITRE CONTAINER 
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APPENDIX 5:   SAA INCIDENT INVESTIGATION REPORT 
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APPENDIX 5:  ATTACHMENTS (1-13c) 
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APPENDIX 6: PUMA ENERGY INVESTIGATION REPORT 
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APPENDIX 7:  JIG CERTIFICATE OF APPROVAL - PUMA ENERGY   
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APPENDIX 8: USE OF SYRINGE AND CAPSULE WATER DETECTOR MANUAL 
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APPENDIX 9: AIRCRAFT FUELING USING A FUELLER MANUAL 
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APPENDIX 10: MAINTENANCE RECORDS OF VEHICLES (RV01 AND HD01) 
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APPENDIX 11: FUEL DELIVERY TICKET 

 

 
 

Fuel ticket issued on the day of incidence (RV01) 
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Fuel ticket issued on the day of incidence (HD01) 
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APPENDIX 12: REFUELLER VEHICLE (RV01) 

 

 

 

EWS 

 

      EWS Warning Light  
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           EWS Warning Light 
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APPENDIX 13: HYDRANT DISPENSER (HD01) 
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APPENDIX 14: OPERATIONAL DATA PLATES FOR RV01 AND HD01 

 

 

 

Figure 1: RV01 Data Plate 
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Figure 1: HD01 Data Plate 
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APPENDIX 15: PUMA ENERGY CUSTOMER AIRLINES AT KIA 

 

• Emirates Airlines 

• British Airways 

• Ethiopian Airlines 

• KLM Royal Dutch Airlines 

• Air France 

• Tap Portugal 

• Delta Airlines 

• Network Airline Management 

• United Airlines 

• Air Ghana 

• Royal Air Maroc 

• Kenya Airways 

• South African Airways 

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

AIRLINES 

 

 

 

 

 

 

  



 

69 

CONFIDENTIAL 

 

APPENDIX 17: EMAIL FROM SOUTH AFRICAN AIRWAYS 
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APPENDIX 18: AIRBUS IN-SERVICE INFORMATION 
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APPENDIX 19: BEA COMMENTS 

 

 

 



 

80 

CONFIDENTIAL 

 

 

 

 



 

81 

CONFIDENTIAL 

 

 

 

  



 

82 

CONFIDENTIAL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

 

 

 

 

 

 

 

 

 




