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KEY TO ‘BOW TIE DIAGRAMS’

*

SCENARIO

LOC
E.G. OVERFILL
Level alarm failure

LOSS OF CONTAINMENT
E.G. SPILL ON ROOF

IGNITION SOURCE

BARRIER / CONTROL
OR EVENT
Detection
Foam System etc..

OUTCOME 1

IGNITION SOURCE
E.G. LIGHTNING
Direct Strike 
Induced

BARRIER/CONTROL OR 
EVENT E.G ESCALATION OUTCOME 2B

INITIATING
FIRE EVENT
Daily breathing cycle
PV Vent failure

“Bow-Tie Diagrams” are provided for tank fire scenarios listed in the Te 
4.5 and 4.6 to develop the fire scenario concerned. The left hand side of the “bow tie” may be made up of a number of initiating fire events, loss of containment modes and ignition sources depending 
upon the tank type, scenario and expected threats. The right hand side will comprise one or more intermediate events (e.g fire response options, threats or escalation events) leading to one or more
eventual outcomes. An outcome may be extinguishment of the tank fire, or a new fire scenario resulting from the previous escalation event(s).

The fire scenario (shows as the “knot” of the bow tie) will generally ar 
means of an AND gate (i.e. both must occur for the tank fire to manifest i 
Overfill OR m 

In all cases, modes and events are grouped together, denoted by a ‘box’, under which examples are given. Those which appear in red type are generally failures or actions which could result in loss of 
containment, ignition or escalation (i.e. threats). Examples appearing in green type are generally “barriers” or Lines of Defence which may mitigate the effects of the tank fire scenario. On the right hand 
side of the bow tie, the eventual outcomes will be dependent upon the effectiveness of the barriers or Risk Reduction Options, and for more guidance on this reference should be made to the Technical 
Frame of Reference, Sections 6 and 9, which detail Lines of Defence and Fire Systems Integrity Assurance.



Fixed (Cone Roof) Tanks

FUEL

VAPOUR SPACE VAPOUR SPACE

FUEL

VENT SEAM WEAK

Fixed (Cone Roof) Tanks FIXED (CONE ROOF) TANKS 
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VENT FIRE SCENARIO

*

*Probablity depends on effectiveness of Risk Reduction Option (Barrier) /FSIA. See TFR Sections 6 / 9

*

*

NB: Frequency of vent fi res typically much lower than rimseal fi re frequency 
(fl oating roof tanks) due to nature of fuels normally stored i.e.high fl ash point

VENT
FIRE

OVERFILLING

Level Alarm Failure
Operator error
Tank valve trip/close failure

UNPERMITTED
HOT WORK
Welding, grinding etc.

LIGHTNING

Direct strike
Induced (nearby strike) 

FLARES/OTHER

Vehicle(s)
Lighting

FLAMMABLE VAPOUR
(VENT/VAPOUR SPACE)

IGNITION SOURCE

RAPID EXTINGUISHMENT

Foam pourer system
Tank cooling

DELAYED
EXTINGUISHMENT

BLUE-RED FLAME
FLAM. VAPOUR SPACE
Halt tank operations

EXTINGUISHMENT

SHORT DURATION
VENT FIRE

VENT FIRE

OTHER MECHANICAL
DAMAGE
Corrosion

(UN)CLASSIFIED
ELECTRICAL EQUIP.
Inadequate maintenance 

YELLOW/ORANGE 
FLAME VAPOUR SPACE 
FUEL RICH 

Flame arrest in vent(s)
Foam pourer system
Extinguishers / monitors
Controlled burndown

SHORT DURATION
VENT FIRE
Single vent
Multiple vents

VAPOUR
EXPULSION
Daily breathing cycle
Filling Operations

BLUE-RED FLAME
FLAM. VAPOUR SPACE
As above

DELAYED
EXTINGUISHMENT
Extended discharge foam 
system failure
Delayed response
Detection failure

PROLONGED VENT FIRE

Single vent
Multiple vents

PROLONGED VENT FIRE

DEFECTIVE FLAME
ARRESTOR

FLASH-BACK INTO TANK

LOSS OF ROOF & PAR-
TIAL/FULL SURFACE FIRE
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BUND FIRE SCENARIO

*

*Probablity depends on effectiveness of Risk Reduction Option (Barrier) /FSIA. See TFR Sections 6 / 9

*

BUND
FIRE

‘CARRY-OVER’ OF FUEL

Adjacent tank incident
Boilover

PIPE/TANK LEAKAGE

Piping, fl ange or valve
Mixer leak
Steam coil failure
Sample point/valve leak
Corrosion of tank bottom
Corrosion of annular plate
Impact

OVERFILLING

Level Alarm Failure
Operator error
Tank valve trip/close failure

OTHER MECHANICAL
FAILURE
Corrosion
Failed gasket(s)
Tank suction/discharge valve 
failure
Failure of roof leg pads
Tank settlement

UNPERMITTED
HOT WORK
Welding, grinding etc.

(UN)CLASSIFIED
ELECTRICAL EQUIP.
Inadequate maintenance
Poor specifi cation

FLARES/OTHER

Vehicle(s)

SPILL IN BUND AND/OR
SMALL BUND FIRE

IGNITION SOURCE

RAPID EXTINGUISHMENT

Bund pourers
Monitors

PREVENTS ESCALATION
TO ENGULF TANK
Isolation of fuel/minimise LOC

DELAYED
EXTINGUISHMENT

ESCALATION TO
ENGULF TANK
Bund pourer failure
Delayed/inappropriate 
response

ESCALATION BEYOND
BUND/TO OTHER TANK
Open drain
Poor bund
Wall transit
Misuse of Large monitors
Intermediate bund failure

Tank spacing
IP19
• Impervious bunding

DELAYED
EXTINGUISHMENT

EXTINGUISHMENT

CONTAINED BUND FIRE

PROLONGED SINGLE
BUND FIRE
No other tanks involved
Intermediate bunding

LARGE SCALE BUND FIRE 
+ VENT FIRE

EXTENSIVE FIRE BEYOND 
BUND

ENGULFED TANK(S)

Flam range created 
in low fl ash tanks

MULTIPLE TANK / 
BUND INCIDENT

INLET/OUTLET
PIPE RUPTURE
Corrosion
Impact

LIGHTNING

Direct strike
Induced (nearby strike)
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FULL SURFACE FIRE SCENARIO (Full Roof Removal)

*

*Probablity depends on effectiveness of Risk Reduction Option (Barrier) /FSIA. See TFR Sections 6 / 9

*

*FULL
SURFACE

FIRE
Full Roof
Removal

LIGHTNING

Direct Strike 
Induced (nearby strike)

(UN)CLASSIFIED
ELECTRICAL EQUIP.
Inadequate Maintenance

FLARES/OTHER

Vehicle(s)
Lighting

VENT FIRE ESCALATION

Prolonged vent fi re
Blue-red ‘snapping’ fl ame
Flashback into tank
Tank draw down operations 
Vent fl ame arrest failure
Vent PVV failure

VAPOUR SPACE
EXPLOSION
Flashback into tank

FLAMMABLE VAPOUR
(VENT/VAPOUR SPACE

WEAK SEAM RUPTURE 
FULL ROOF REMOVAL
API 650 Weak Seam

RAPID EXTINGUISHMENT
(TOPSIDE/SUBSURFACE)
Extended discharge foam
Subsurface foam injection
Tank cooling

PREVENTS ESCALATION
BEYOND TANK
Isolation of fuel/minimise LOC

DELAYED
EXTINGUISHMENT
Insuffi cient application rate
Inappropriate foam
Logistical diffi culties

EXTINGUISHMENT

SHORT DURATION
FULL SURFACE FIRE
Single tank

PROLONGED SINGLE 
BUND FIRE TANK 
INCIDENT

PROLONGED TANK
FULL SURFACE FIRE

FUEL CARRY OVER

Misuse of large monitors

UNPERMITTED HOT 
WORK
Welding, grinding etc.

IGNITION SOURCE

TOPSIDE EXTINGUISH-
MENT
Mobile foam monitors
Foam Pourers

DELAYED
EXTINGUISHMENT

FOAM SYSTEM

Semi-Subsurface foam 
injection
Subsurface foam injection 
Foam pourers

MULTIPLE TANK/
BUND INCIDENT
Tank spacing IP19
Intermediate bunding
Tank cooling
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FULL SURFACE FIRE SCENARIO (Partial Roof Removal)

*

*Probablity depends on effectiveness of Risk Reduction Option (Barrier) /FSIA. See TFR Sections 6 / 9

*

*
FULL

SURFACE
FIRE

Partial Roof
Removal

LIGHTNING

Direct Strike 
Induced (nearby strike)

(UN)CLASSIFIED
ELECTRICAL EQUIP.
Inadequate Maintenance

FLARES/OTHER

Vehicle(s)
Lighting

VENT FIRE ESCALATION

Prolonged vent fi re
Blue-red ‘snapping’ fl ame
Flashback into tank
Tank draw down operations 
Vent fl ame arrest failure
Vent PVV failure

VAPOUR SPACE
EXPLOSION
Flashback into tank

FLAMMABLE VAPOUR
(VENT/VAPOUR SPACE

WEAK SEAM RUPTURE 
PARTIAL ROOF REMOVAL
API 650 Weak Seam

RAPID EXTINGUISHMENT
(TOPSIDE/SUBSURFACE)
Extended discharge foam
Subsurface foam injection
Tank cooling

PREVENTS ESCALATION
BEYOND TANK
Isolation of fuel/minimise LOC
Intermediate bunding

DELAYED
EXTINGUISHMENT
Insuffi cient application rate
Inappropriate foam
Logistical diffi culties

EXTINGUISHMENT

SHORT DURATION
FULL SURFACE FIRE
Single tank

PROLONGED SINGLE 
TANK INCIDENT

PROLONGED TANK
FULL SURFACE FIRE

FUEL CARRY OVER

Misuse of large monitors

UNPERMITTED HOT 
WORK
Welding, grinding etc.

IGNITION SOURCE

ROOF FALLS BACK 
INTO TANK

DELAYED
EXTINGUISHMENT

ROOF BUCKLES

‘Fish mouth’ opening

MULTIPLE TANK/
BUND INCIDENT
Tank spacing IP19
Intermediate bunding
Tank cooling
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INTERNAL (COVERED) FLOATING TANKS

Internal
Floating Roof

Tank

Internal (Covered) Floating Roof TanksInternal (Covered) Floating Roof Tanks

Internal
Floating Roof

Tank
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VENT FIRE SCENARIO

*

*Probablity depends on effectiveness of Risk Reduction Option (Barrier) /FSIA. See TFR Sections 6 / 9

*

*

NB: Frequency of vent fi res typically much lower than rimseal fi re frequency 
(fl oating roof tanks) due to nature of fuels normally stored i.e.high fl ash point

VENT
FIRE

OVERFILLING

Level Alarm Failure
Operator error
Tank valve trip/close failure

UNPERMITTED
HOT WORK
Welding, grinding etc.

LIGHTNING

Direct strike
Induced (nearby strike) 

FLARES/OTHER

Vehicle(s)
Lighting

FLAMMABLE VAPOUR
(VENT/VAPOUR SPACE)

IGNITION SOURCE

RAPID EXTINGUISHMENT

Foam pourer system
Tank cooling

DELAYED
EXTINGUISHMENT

BLUE-RED FLAME
FLAM. VAPOUR SPACE
Halt tank operations

EXTINGUISHMENT

SHORT DURATION
VENT FIRE

VENT FIRE

OTHER MECHANICAL
DAMAGE
Corrosion

(UN)CLASSIFIED
ELECTRICAL EQUIP.
Inadequate maintenance 

YELLOW/ORANGE 
FLAME VAPOUR SPACE 
FUEL RICH 

Flame arrest in vent(s)
Foam pourer system
Extinguishers / monitors
Controlled burndown

SHORT DURATION
VENT FIRE
Single vent
Multiple vents

VAPOUR
EXPULSION
Daily breathing cycle
Filling Operations

BLUE-RED FLAME
FLAM. VAPOUR SPACE
As above

DELAYED
EXTINGUISHMENT
Extended discharge foam 
system failure
Delayed response
Detection failure

PROLONGED VENT FIRE

Single vent
Multiple vents

PROLONGED VENT FIRE

DEFECTIVE FLAME
ARRESTOR

FLASH-BACK INTO TANK

LOSS OF ROOF & PAR-
TIAL/FULL SURFACE FIRE
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BUND FIRE SCENARIO

*

*Probablity depends on effectiveness of Risk Reduction Option (Barrier) /FSIA. See TFR Sections 6 / 9

*

BUND
FIRE

‘CARRY-OVER’ OF FUEL

Adjacent tank incident
Boilover

PIPE/TANK LEAKAGE

Piping, fl ange or valve
Mixer leak
Steam coil failure
Sample point/valve leak
Corrosion of tank bottom
Corrosion of annular plate
Impact

OVERFILLING

Level Alarm Failure
Operator error
Tank valve trip/close failure

OTHER MECHANICAL
FAILURE
Corrosion
Failed gasket(s)
Tank suction/discharge valve 
failure
Failure of roof leg pads
Tank settlement

UNPERMITTED
HOT WORK
Welding, grinding etc.

(UN)CLASSIFIED
ELECTRICAL EQUIP.
Inadequate maintenance
Poor specifi cation

FLARES/OTHER

Vehicle(s)

SPILL IN BUND AND/OR
SMALL BUND FIRE

IGNITION SOURCE

RAPID EXTINGUISHMENT

Bund pourers
Monitors

PREVENTS ESCALATION
TO ENGULF TANK
Isolation of fuel/minimise LOC

DELAYED
EXTINGUISHMENT

ESCALATION TO
ENGULF TANK
Bund pourer failure
Delayed/inappropriate 
response

ESCALATION BEYOND
BUND/TO OTHER TANK
Open drain
Poor bund
Wall transit
Misuse of Large monitors
Intermediate bund failure

Tank spacing
IP19
• Impervious bunding

DELAYED
EXTINGUISHMENT

EXTINGUISHMENT

CONTAINED BUND FIRE

PROLONGED SINGLE
BUND FIRE
No other tanks involved
Intermediate bunding

LARGE SCALE BUND FIRE 
+ VENT FIRE

EXTENSIVE FIRE BEYOND 
BUND

ENGULFED TANK(S)

Flam range created 
in low fl ash tanks

MULTIPLE TANK / 
BUND INCIDENT

INLET/OUTLET
PIPE RUPTURE
Corrosion
Impact

LIGHTNING

Direct strike
Induced (nearby strike)
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OBSTRUCTED FULL SURFACE FIRE SCENARIO

*

*

*

PARTIAL
SURFACE

FIRE

LIGHTNING

Direct Strike 
Induced (nearby strike)

(UN)CLASSIFIED
ELECTRICAL EQUIP.
Inadequate Maintenance

FLARES/OTHER

Vehicle(s)
Lighting

VENT FIRE ESCALATION

Prolonged vent fi re
Blue-red ‘snapping’ fl ame
Flashback into tank

VAPOUR SPACE 
EXPLOSION
Buckled or cocked roof
Product overfl owing rim 
resulting in fl ammable mixture 
between fi xed / fl oating roof
Flashback into tank

FLAMMABLE VAPOUR
(VENT/VAPOUR SPACE

WEAK SEAM RUPTURE 
PARTIAL ROOF REMOVAL
API 650 Weak Seam

RAPID EXTINGUISHMENT
(TOPSIDE/SUBSURFACE)
Foam system
Monitors
Tank cooling

PREVENTS ESCALATION
BEYOND TANK
Isolation of fuel/minimise LOC
Intermediate bunding

DELAYED
EXTINGUISHMENT
Insuffi cient application rate
Inappropriate foam
Logistical diffi culties

EXTINGUISHMENT

SHORT DURATION
FULL SURFACE FIRE
Single tank

PROLONGED SINGLE 
TANK INCIDENT

PROLONGED TANK
FULL SURFACE FIRE

FUEL CARRY OVER

Misuse of large monitors

UNPERMITTED HOT 
WORK

IGNITION SOURCE

ROOF PARTIALLY 
INTO TANK

DELAYED
EXTINGUISHMENT

ROOF BUCKLES

‘Fish mouth’ opening

MULTIPLE TANK/
BUND INCIDENT
Tank spacing IP19
Intermediate bunding
Tank cooling

RIMSEAL NOT VAPOUR 
TIGHT
Vapour space in fl ammable 
range
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OPEN-TOP FLOATING ROOF TANKS

Open top Floating Roof

Open-Top Floating Roof TanksOpen-Top Floating Roof Tanks

Open top Floating Roof
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SPILL ON ROOF FIRE SCENARIO

*

*Probablity depends on effectiveness of Risk Reduction Option (Barrier) /FSIA. See TFR Sections 6 / 9

*

*

SPILL
ON ROOF 

FIRE

PONTOON LEAKAGE

Weld failure
Corrosion

DOUBLE DECK LEAKAGE

Lap weld cracking
(high wind loading)

MECHANICAL FAILURE

Corrosion
Roof drain failure
Suction/discharge valve fai
Seal damagel

LOSS OF
ROOF BUOYANCY
Leg failure
Pontoon damage
Excessive weight

UNPERMITTED
HOT WORK
Welding, grinding etc.

(UN)CLASSIFIED
ELECTRICAL EQUIP.
Inadequate maintenance
Poor specifi cation

FLARES/OTHER

Lighting
Flare carry over

SPILL ON ROOF/ PRO-
DUCT ACCUMULATION

IGNITION SOURCE

RAPID EXTINGUISHMENT

Extended discharge foam
Monitors

PREVENTS ESCALATION
BEYOND SPILL FIRE

DELAYED
EXTINGUISHMENT

ROOF SINKS

Misuse of large monitors
Local over application of
foam (full surface system)
Open roof drian

ROOF TIPS

DELAYED
EXTINGUISHMENT

EXTINGUISHMENT

SHORT DURATION
SPILL ON ROOF FIRE

PROLONGED
SPILL ON ROOF FIRE

SINGLE TANK FULL 
SURFACE FIRE (SHORT)

PROLONGED TANK FULL 
SURFACE FIRE

BOILOVER (CRUDE OIL)

OVERFILLING

Level Alarm Failure
Operator error
Tank valve trip/close failure

EXCESSIVE WEIGHT
(RAIN/FIREWATER)

LIGHTNING

Direct strike
Induced (nearby strike)

MULTIPLE TANK/
BUND INCIDENT
Tank spacing IP19
Intermediate bunding
Tank cooling
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BUND FIRE SCENARIO

*

*Probablity depends on effectiveness of Risk Reduction Option (Barrier) /FSIA. See TFR Sections 6 / 9

*

BUND
FIRE

‘CARRY-OVER’ OF FUEL

Adjacent tank incident
Boilover

PIPE/TANK LEAKAGE

Piping, fl ange or valve
Mixer leak
Steam coil failure
Sample point/valve leak
Corrosion of tank bottom
Corrosion of annular plate
Impact

OVERFILLING

Level Alarm Failure
Operator error
Tank valve trip/close failure

OTHER MECHANICAL
FAILURE
Corrosion
Failed gasket(s)
Tank suction/discharge valve 
failure
Failure of roof leg pads
Tank settlement

UNPERMITTED
HOT WORK
Welding, grinding etc.

(UN)CLASSIFIED
ELECTRICAL EQUIP.
Inadequate maintenance
Poor specifi cation

FLARES/OTHER

Vehicle(s)

SPILL IN BUND AND/OR
SMALL BUND FIRE

IGNITION SOURCE

RAPID EXTINGUISHMENT

Bund pourers
Monitors

PREVENTS ESCALATION
TO ENGULF TANK
Isolation of fuel/minimise LOC

DELAYED
EXTINGUISHMENT

ESCALATION TO
ENGULF TANK
Bund pourer failure
Delayed/inappropriate 
response

ESCALATION BEYOND
BUND/TO OTHER TANK
Open drain
Poor bund
Wall transit
Misuse of Large monitors
Intermediate bund failure

Tank spacing
IP19
• Impervious bunding

DELAYED
EXTINGUISHMENT

EXTINGUISHMENT

CONTAINED BUND FIRE

PROLONGED SINGLE
BUND FIRE
No other tanks involved
Intermediate bunding

LARGE SCALE BUND FIRE 
+ VENT FIRE

EXTENSIVE FIRE BEYOND 
BUND

ENGULFED TANK(S)

Flam range created 
in low fl ash tanks

MULTIPLE TANK / 
BUND INCIDENT

INLET/OUTLET
PIPE RUPTURE
Corrosion
Impact

LIGHTNING

Direct strike
Induced (nearby strike)
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RIMSEAL FIRE SCENARIO

*

*Probablity depends on effectiveness of Risk Reduction Option (Barrier) /FSIA. See TFR Sections 6 / 9

*

*

RIMSEAL
FIRE

OVERFILLING

Level Alarm Failure
Operator error
Tank valve trip/close failure

OTHER MECHANICAL 
DAMAGE
Rim vent failure
Corrosion

UNPERMITTED
HOT WORK
Welding, grinding etc.

LIGHTNING

Direct strike
Induced (nearby strike) 
Geodesic dome

FLARES/OTHER

Flare carry over

LOSS OF CONTAINMENT
IN RIMSEAL FIRE

IGNITION SOURCE

RAPID EXTINGUISHMENT

Extended discharge foam
Handlines / extinguishers

DELAYED
EXTINGUISHMENT

ESCALATION BEYOND 
RIMSEAL
Poor maintenance
Pontoon explosion
Excessive fi rewater

EXTINGUISHMENT

PARTIAL SURFACE FIRE

FULL SURFUCE 
FIRE SCENARIO

SEAL DAMAGE

Weather shield damage
Punctured seal (liquid/gas)
Secondary seal failure

(UN)CLASSIFIED
ELECTRICAL EQUIP.
Inadequate maintenance 
Poor specifi catie

PREVENTS ESCALATION
BEYOND RIMSEAL
Fire retardant rimseal
Detection
Extended discharge foam 
system

SHORT DURATION
RIMSEAL FIRE
Partial
Full Circumference

PRODUCT 
ACCUMULATION
On fl oating

ESCALATION BEYOND 
RIMSEAL
Poor maintenance
Pontoon explosion

DELAYED
EXTINGUISHMENT
Extended discharge foam 
system failure
Delayed response
Detection failure

PROLONGED RIMSEAL 
ROOF FIRE
Partial
Full Circumference

SHORT DURATION
FULL SURFACE FIRE
Single tank

POOR MAINTENANCE

PROLONGED SINGLE 
TANK INCIDENT

MULTIPLE TANK/ 
BUND INCIDENT
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FULL/PARTIAL SURFACE FIRE SCENARIO

*

*Probablity depends on effectiveness of Risk Reduction Option (Barrier) /FSIA. See TFR Sections 6 / 9

*

*

FULL/ 
PARTIAL 
SURFACE 

FIRE

PONTOON LEAKAGE

Weld failure
Corrosion

DOUBLE DECK LEAKAGE

Lap weld cracking
(high wind loading)

MECHANICAL FAILURE

Corrosion
Roof drain failure

LOSS OF
ROOF BUOYANCY
Leg failure
Pontoon damage

UNPERMITTED
HOT WORK
Welding, grinding etc.

UNCLASSIFIED
ELECTRICAL EQUIP.
Inadequate maintenance

FLARES/OTHER

SPILL ON ROOF/ PRO-
DUCT ACCUMULATION

IGNITION SOURCE

RAPID EXTINGUISHMENT

Extended discharge foam
Monitors

DELAYED
EXTINGUISHMENT

ROOF SINKS

Misuse of large monitors
Local over application of
foam (full surface system)
Open roof drian

ROOF TIPS

DELAYED
EXTINGUISHMENT

EXTINGUISHMENT

PROLONGED SINGLE 
TANK INCIDENT

PROLONGED TANK FULL 
SURFACE FIRE

BOILOVER (CRUDE OIL)

OVERFILLING

Level Alarm Failure

EXCESSIVE WEIGHT
(RAIN/FIREWATER)

LIGHTNING

Direct strike
Induced (nearby strike)

MULTIPLE TANK/
BUND INCIDENT
Tank spacing IP19
Intermediate bunding
Tank cooling

PREVENTS ESCALATION
BEYOND SPILL FIRE
Extended discharge foam
Monitors

SHORT DURATION
FULL SURFACE FIRE
Single tank


