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ACCIDENT

Aircraft Type and Registration:  Boe�ng 777-236 ER, G-YMMM

No & Type of Engines:  2 Rolls-Royce RB2�� Trent 895-�7 turbofan eng�nes

Year of Manufacture:  200� 

Date & Time (UTC):  �7 January 2008 at �242 hrs

Location:  Runway 27L, London Heathrow A�rport

Type of Flight:  Commerc�al A�r Transport (Passenger)

Persons on Board: Crew - �6 Passengers - �36

Injuries: Crew - 4 (M�nor) Passengers - � (Ser�ous)
   8 (M�nor)

Nature of Damage:  A�rcraft damaged beyond econom�c repa�r

Commander’s Licence: A�rl�ne Transport P�lot’s L�cence

Commander’s Age:  43 years

Commander’s Flying Experience:  �2,700 hours (of wh�ch 8,500 hours were on type)
 Last 90 days - 85 hours
 Last 28 days - 52 hours

Information Source:  Inspectors Invest�gat�on

The investigation

The A�r Acc�dents Invest�gat�on Branch (AAIB) was 

�nformed of the acc�dent at �25� hrs on �7 January 2008 

and the �nvest�gat�on commenced �mmed�ately.  The 

Ch�ef Inspector of A�r Acc�dents has ordered an 

Inspector’s Invest�gat�on to be conducted �nto the 

c�rcumstances of th�s acc�dent under the prov�s�on of 

The C�v�l Av�at�on (Invest�gat�on of A�r Acc�dents and 

Inc�dents) Regulat�ons �996. 
 

In accordance w�th establ�shed �nternat�onal 

arrangements, the Nat�onal Transportat�on Safety Board 

(NTSB) of the USA, represent�ng the State of Des�gn and 

Manufacture of the a�rcraft, has appo�nted an Accred�ted 

Representat�ve to part�c�pate fully �n the �nvest�gat�on.  

The NTSB Accred�ted Representat�ve �s supported by 

a team wh�ch �ncludes add�t�onal �nvest�gators from 

the NTSB, the Federal Av�at�on Adm�n�strat�on and 

Boe�ng; Rolls-Royce, the eng�ne manufacturer, �s also 

part�c�pat�ng fully �n the �nvest�gat�on.  Br�t�sh A�rways, 

the operator, �s cooperat�ng w�th the �nvest�gat�on 

and prov�d�ng operat�onal expert�se as requ�red and 

the CAA and the EASA are be�ng kept �nformed of 

developments. 

Because of the �nterest w�th�n the av�at�on �ndustry, and 

amongst the travell�ng publ�c, �t �s cons�dered appropr�ate 

to d�ssem�nate the results of the �n�t�al �nvest�gat�on 

as soon as poss�ble.  Th�s Bullet�n �s �n add�t�on to the 
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In�t�al Report, publ�shed on �8 January 2008, and a 

subsequent update publ�shed on 23 January 2008.   As 

the �nvest�gat�on has developed, add�t�onal data has 

been derived from non-volatile memory within specific 

systems of the a�rcraft.  Th�s has allowed prev�ously 

reported data to be refined.  

One Safety Recommendat�on has been made.

History of the flight

The aircraft was on a scheduled flight from Beijing, 

China, to London (Heathrow) and departed Beijing at 

0209 hrs; the flight was uneventful until the later stages 

of the approach �nto Heathrow. Dur�ng the descent, 

from Fl�ght level (FL) 400 the a�rcraft entered the 

hold at Lamborne at FL��0; �t rema�ned �n the hold 

for approximately five minutes, during which time it 

descended to FL90.   The a�rcraft was radar vectored 

for the ILS approach to Runway 27L at Heathrow and 

subsequently stab�l�sed on the ILS w�th the autop�lot 

and autothrottles engaged.  At �,000 ft the a�rcraft was 

fully configured for the landing, with the landing gear 

down and flap 30 selected.  The total fuel on board was 

�nd�cat�ng �0,500 kg, wh�ch was d�str�buted almost 

equally between the left and r�ght ma�n fuel tanks, w�th 

a m�nor �mbalance of about 300 kg.  The fuel cross-feed 

valves �nd�cated that they were closed and they had not 

been operated during the flight.  The first officer took 

control for the land�ng at a he�ght of approx�mately 

780 ft, �n accordance w�th the br�efed procedure, and 

shortly afterwards the autothrottles commanded an 

�ncrease �n thrust from both eng�nes.  The eng�nes 

�n�t�ally responded but, at a he�ght of about 720 ft, 

the thrust of the r�ght eng�ne reduced.  Some seven 

seconds later, the thrust reduced on the left eng�ne to a 

s�m�lar level.  The eng�nes d�d not shut down and both 

eng�nes cont�nued to produce thrust at an eng�ne speed 

above flight idle, but less than the commanded thrust.  
The eng�nes fa�led to respond to further demands for 
�ncreased thrust from the autothrottles, and subsequent 
movement of the thrust levers fully forward by the 
flight crew.  The airspeed reduced as the autopilot 
attempted to ma�nta�n the ILS gl�de slope and by 200 ft 
the a�rspeed had reduced to about �08 kt.  The autop�lot 
d�sconnected at approx�mately �75 ft, the a�rcraft 
descended rap�dly and �ts land�ng gear made contact 
w�th the ground some �,000 ft short of the paved 
runway surface just inside the airfield boundary fence.  
Dur�ng the �mpact and short ground roll the nose gear 
collapsed, the r�ght ma�n land�ng gear separated from 
the a�rcraft and the left ma�n land�ng gear was pushed 
up through the w�ng.  The a�rcraft came to rest on the 
paved surface �n the undershoot area of Runway 27L.  
A significant amount of fuel leaked from the aircraft 
after it came to rest, but there was no fire.  The cabin 
crew superv�sed the emergency evacuat�on and all 
occupants left the a�rcraft v�a the sl�des, all of wh�ch 
operated correctly; e�ght of the passengers rece�ved 
minor injuries and one suffered a broken leg. 

Aircraft information

The aircraft was serviceable on departure from Beijing 
and there were no relevant reported defects.  It departed 
w�th 79,000 kg of Jet A-� fuel on board, and the planned 
arr�val fuel at London (Heathrow) was 6,900 kg. 

Weather

The recorded weather at Beijing, prior to departure, 
indicated no significant weather and a surface temperature 
of -7ºC.   

The aircraft’s flight plan required it to climb initially to 
�0,400 m (FL34�) before descend�ng back to 9,600 m 
(FL3�5) at POLHO (on the border between Ch�na and 
Mongol�a) because of ‘Extreme Cold’.  However, to 
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accommodate a request from ATC the crew accepted 
a cl�mb to a cru�se alt�tude of �0,600 m (FL348), and 
closely mon�tored the fuel temperature.  The amb�ent 
temperature at FL348 was approx�mately -65ºC and 
the assoc�ated total a�r temperature� (TAT) was -37ºC.  
Shortly after cross�ng the Ural mounta�ns, the a�rcraft 
cl�mbed to FL380. There was a reg�on of part�cularly 
cold a�r, w�th amb�ent temperatures as low as -76ºC, �n 
the area between the Urals and Eastern Scand�nav�a.  The 
Met Office described the temperature conditions during 
the flight as ‘unusually low compared to the average, 
but not except�onal’.  The lowest TAT recorded dur�ng 
the flight was -45ºC, and the minimum recorded fuel 
temperature was -34ºC.  The fuel temperature in flight 
must not reduce to a temperature colder than at least 
3ºC above the fuel freez�ng po�nt of the fuel be�ng used.  
The specified freezing point for Jet A-1 fuel is -47ºC; 
analys�s of fuel samples taken after the acc�dent showed 
the fuel onboard the a�rcraft had an actual freez�ng po�nt 
of -57ºC.  

On arr�val at Heathrow, the surface w�nd was from 2�0º 
at �0 kt, the v�s�b�l�ty was greater than �0 km, the cloud 
was scattered at 800 ft and broken at �,000 ft, the surface 
temperature was +�0ºC and the dew po�nt was +8ºC.  
The flight crew reported that they were visual with the 
runway at about �,000 ft agl.

Recorded data

The aircraft was fitted with a Digital Flight Data Recorder 
(DFDR), a Cockp�t Vo�ce Recorder (CVR) and a Qu�ck 
Access Recorder (QAR).  The CVR and DFDR were 
successfully downloaded at the AAIB laborator�es at 
Farnborough and both records covered the critical final 

Footnote

� TAT �s measured by a spec�ally des�gned temperature probe, on the 
surface of the a�rcraft, that br�ngs the a�r to rest caus�ng an ad�abat�c 
�ncrease �n temperature.  TAT �s h�gher than stat�c (or amb�ent) a�r 
temperature and �s the value to wh�ch the fuel temperature w�ll dr�ft.

stages of the flight.  The QAR was downloaded with 

the ass�stance of Br�t�sh A�rways and the equ�pment 

manufacturer.  Data from the non-volat�le memory of 

var�ous systems were also ava�lable.

The recorded data �nd�cates that there were no anomal�es 

in the major aircraft systems.  The autopilot and the 

autothrottle systems behaved correctly and the eng�ne 

control systems were prov�d�ng the correct commands 

pr�or to, dur�ng, and after, the reduct�on �n thrust.

Engineering examination

The a�rcraft was recovered from the acc�dent s�te to a 

secure locat�on for deta�led exam�nat�on.  There were no 

�nd�cat�ons of any pre-ex�st�ng problems w�th any of the 

a�rcraft systems.

Dur�ng the �mpact the r�ght ma�n land�ng gear separated 

from the a�rcraft ruptur�ng the rear r�ght wall of the 

centre fuel tank.  The two front wheels of the r�ght 

ma�n land�ng gear broke away and struck the rear r�ght 

fuselage penetrating the cabin at seat height adjacent to 

rows 29/30.  Add�t�onally, the r�ght ma�n land�ng gear 

damaged the w�ng-to-body fa�r�ng and penetrated the 

rear cargo hold, caus�ng damage to, and leakage from, 

the passenger oxygen cyl�nders.

The eng�nes, the�r control systems and the fuel system 

were the focus of a deta�led exam�nat�on.

Engines

Exam�nat�on of the eng�nes �nd�cated no ev�dence of a 
mechan�cal defect or �ngest�on of b�rds or �ce.

Data, downloaded from the Electron�c Eng�ne Controllers 

(EECs) and the QAR, revealed no anomal�es w�th the 

control system operat�on.  At the po�nt when the r�ght 

eng�ne began to lose thrust the data �nd�cated that the 
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r�ght eng�ne EEC responded correctly to a reduct�on 
in fuel flow to the right engine, followed by a similar 
response from the left EEC when fuel flow to the left 
eng�ne d�m�n�shed.  Data also revealed that the fuel 
meter�ng valves on both eng�nes correctly moved to the 
fully open position to schedule an increase in fuel flow. 
Both fuel meter�ng un�ts were tested and exam�ned, and 
revealed no pre-ex�st�ng defects.  

Both engine low pressure fuel filters were clean.  The fuel 
o�l heat exchangers (FOHE) �n both eng�nes were free 
of blockage.  The r�ght FOHE was clear of any debr�s, 
however the left eng�ne FOHE had some small �tems of 
debris on its fuel inlet bulkhead.  The high pressure filters 
were clean.  The var�able stator vane controllers and the 
fuel burners were exam�ned and found to be sat�sfactory.

Deta�led exam�nat�on of both the left and r�ght eng�ne 
h�gh pressure fuel pumps revealed s�gns of abnormal 
cav�tat�on on the pressure-s�de bear�ngs and the outlet 
ports.  Th�s could be �nd�cat�ve of e�ther a restr�ct�on �n 
the fuel supply to the pumps or excess�ve aerat�on of 
the fuel.  The manufacturer assessed both pumps as st�ll 
being capable of delivering full fuel flow.

Fuel system

Several fuel samples were taken from the fuel tanks, 
pipe lines and filter housings prior to the examination of 
the fuel system and these are currently be�ng exam�ned 
at specialist laboratories. Initial results confirm that the 
fuel conforms to Jet A-1 specifications and that there 
were no s�gns of contam�nat�on or unusual levels of water 
content.  A sump sample taken from the left and r�ght 
ma�n fuel tanks shortly after the acc�dent revealed no 
significant quantities of water.  Samples from the centre 
tank had been contaminated by fire fighting foam and 
hydraulic fluid: this contamination was a consequence of 
the rupture of the r�ght rear wall of the centre tank. 

A deta�led exam�nat�on of the fuel tanks revealed no 

pre-ex�st�ng defects except for a loose un�on �n the left 

ma�n tank at �ts �nner wall; the un�on formed part of the 

centre tank to left ma�n tank fuel scavenge l�ne.  Some 

small �tems of debr�s were d�scovered �n the follow�ng 

locations:

�.  R�ght ma�n tank – a red plast�c sealant scraper 

approx�mately �0 cm x 3 cm under the suct�on 

�nlet screen.

2.  Left ma�n tank, water scavenge �nlet - a p�ece of 

black plast�c tape, approx�mately 5 cm square; 

a p�ece of brown paper of the same s�ze and 

shape, and a p�ece of yellow plast�c.

3.  R�ght centre tank overr�de pump – a small 

p�ece of fabr�c or paper found �n the gu�llot�ne 

valve of the pump hous�ng. 

4.  Left centre tank water scavenge jet pump 

– small c�rcular d�sc, 6 mm �n d�ameter, �n the 

motive flow chamber.

The relevance of th�s debr�s �s st�ll be�ng cons�dered.  

Exam�nat�on of the fuel surge tanks showed no s�gns of 

blockage of the vent scoops and flame arrestors.  Neither 

pressure rel�ef valve had operated; the rel�ef valves were 

tested and found to be operate normally.

The fuel boost pumps, and the�r assoc�ated low pressure 

sw�tches, were tested and exam�ned and found to be 

sat�sfactory.  A pressure and suct�on test of the eng�ne 

fuel feed man�fold, from the fuel boost pumps to the 

engine, did not reveal any significant defects.  Similarly, 

a v�sual exam�nat�on of the fuel feed l�nes, us�ng a 

boroscope, d�d not reveal any defects or restr�ct�ons.  

A test of the fuel quant�ty processor un�t (FQPU) was 

sat�sfactory and �ts non-volat�le memory d�d not reveal 
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any defects stored pr�or to the acc�dent.  A test of the fuel 
temperature probe, located �n the left ma�n fuel tank, was 
sat�sfactory.

Maintenance

The a�rcraft’s fuel tanks were last checked for water2 �n 
the fuel on the �5 January 2008 at Heathrow; th�s was 
prior to its refuelling for the outboard sector to Beijing.

Access by ma�ntenance personnel, to the a�rcraft’s fuel 
tanks, had last taken place dur�ng  ma�ntenance act�v�ty 
�n 2005.  The last scheduled ma�ntenance act�v�ty on the 
a�rcraft was on the �3 December 2007.

Spar valves

On exam�nat�on, both of the eng�ne spar valves were 
found to be OPEN, allow�ng the fuel leak ev�dent at the 
acc�dent s�te.

The spar valves are des�gned to shut off the fuel supply 
to the eng�nes follow�ng the operat�on of the fuel control 
switches or after operation of the fire handles in the 
cockpit.  Their function is to cut off the fuel flow to the 
engine in the event of an engine fire or an accident.  Each 
valve has two separate electr�cal w�re paths wh�ch can be 
used to supply power to shut the valve; the first is via a 
run/cut-off relay, controlled by the fuel control sw�tches, 
the other is directly from the fire handle.

The w�r�ng on G-YMMM was as or�g�nally des�gned 
and manufactured, and such that when the fire handle 
was operated, �t �solated the power supply to the run/
cut-off relay.  When tested, the run/cut-off relays for 
the left and r�ght eng�nes were st�ll �n the valve OPEN 
pos�t�on, desp�te the fuel control sw�tches be�ng set 

Footnote

2  A check for water in the fuel tank is carried  out by draining fluid 
from the sump dra�ns located at the lowest po�nt of each fuel tank �n 
�ts ‘on-ground’ att�tude.

to cut-off.  The fire handles had also been pulled and 

the engine fire bottles had been fired.  Therefore the 

fire handles had been operated prior to the fuel control 

sw�tches.

The left spar valve c�rcu�t breaker (CB) had been tr�pped. 

Th�s was due to damaged w�r�ng to the valve as a result of 

the left ma�n land�ng gear be�ng forced upward through 

the condu�t at the �n�t�al �mpact.  The tr�pp�ng of the CB 

meant there was no means of electr�cally clos�ng the left 

spar valve.  S�m�lar damage was also ev�dent to the r�ght 

spar valve w�r�ng, however, �n th�s �nstance the CB had 

rema�ned set.  

Examination and tests of the wiring identified that, in the 

case of the r�ght eng�ne, the valve CLOSE w�re from the 

run/cut-off relay was st�ll cont�nuous.  Th�s could have 

allowed the valve to operate had the fuel control sw�tch 

been operated before the fire handle.  

Boe�ng had �ssued a Serv�ce Bullet�n (SB 777-28-0025) 

wh�ch adv�sed the spl�c�ng together of the w�res for the 

fuel control switches and the fire handles to avoid the 

need to sequence the�r operat�on. An FAA a�rworth�ness 

d�rect�ve requ�res th�s SB to be completed by July 20�0.  

Th�s had not yet been �ncorporated on G-YMMM; 

however, had �t been �ncorporated, the r�ght spar valve 

should have closed when the fuel control sw�tch was 

operated.  

The evacuat�on checkl�st for the Boe�ng 777, �ssued by 

Boe�ng, shows operat�on of the fuel control sw�tches 

to cut-off prior to operation of the fire handles.  This 

sequence allows for both CLOSE paths to the spar valve 

to be explo�ted and �ncreases the l�kel�hood that the spar 

valves close before electr�cal power to the spar valves �s 

isolated.   However, if the fire handle is operated first, 

then only a s�ngle path �s ava�lable.  
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The operator’s evacuat�on checkl�st, for wh�ch 
Boeing had raised no technical objection, required the 
commander to operate the fuel control sw�tches wh�lst 
the first officer operated the fire handles, this was in 
order to reduce the t�me requ�red to act�on the checkl�st.  
These act�ons were carr�ed out �ndependently, w�th no 
measure �n place to ensure the correct sequenc�ng.  The 
evacuat�on dr�ll was placarded on the face of the control 
column boss, d�rectly �n front of each p�lot.  

An evacuat�on checkl�st w�th the d�v�s�on of �ndependent 
tasks between the crew leaves a poss�b�l�ty that the 
fire handles could be operated before the fuel control 
switches which, with fire handle to spar valve fire 
damage, could leave the eng�ne fuel spar shut-off valves 
�n an OPEN pos�t�on.  Th�s occurred �n th�s acc�dent, 
and resulted �n the loss of fuel from the a�rcraft.   Th�s 
was not causal to the acc�dent but could have had 
serious consequences in the event of a fire during the 
evacuation.  It is therefore recommended that:

Safety Recommendation 2008-009

Boe�ng should not�fy all Boe�ng 777 operators of the 
necess�ty to operate the fuel control sw�tch to cut-off 
prior to operation of the fire handle, for both the fire drill 
and the evacuat�on dr�ll, and ensure that all vers�ons of �ts 
checkl�sts, �nclud�ng electron�c and placarded vers�ons 
of the dr�ll, are cons�stent w�th th�s procedure. 

Boe�ng has accepted th�s recommendat�on.  On 
�5 February 2008 Boe�ng �ssued a Mult� Operator 
Message, wh�ch adv�sed operators to ensure that 
“evacuation and engine fire checklists specifiy that the fuel 
control sw�tches are placed �n the cut-off pos�t�on pr�or to 
the operation of the fire handles”.  This advice only relates 
to those a�rcraft that have not had Boe�ng SB 777-28-0025 
�ncorporated.  Boe�ng also recommends that operators 
review their engine fire and evacuation checklists (Quick 
Reference Handbook, Electron�c and Placard) to make 
sure that they are cons�stent w�th th�s adv�ce.
 
Continuing investigation

Invest�gat�ons are now underway �n an attempt to 
repl�cate the damage seen to the eng�ne h�gh pressure 
fuel pumps, and to match th�s to the data recorded 
on the accident flight.  In addition, comprehensive 
exam�nat�on and analys�s �s to be conducted on the 
ent�re a�rcraft and eng�ne fuel system; �nclud�ng 
the modelling of fuel flows taking account of the 
env�ronmental and aerodynam�c effects.   
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