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Deepwater Horizon Rig

Source: MMS and BP
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April 20, 2010

n At approximately 10 pm Horizon Rig disaster started

n BLOWOUT: Initial explosion due to Gas/Oil/Mud surge 
and ignition upon entry into the engine room

n Fire starts and power failure

n Violent vibrations that shook the entire rig reported

n Second explosion

n Rig evacuated and fire/containment response and 
rescue begins by nearby vessels
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Horizon Rig April 20/21/22, 2010

So
ur

ce
: M

M
S/

A
P/

fli
ck

r



Offshore and Marine Systems Research @ Rice

Horizon Before/After Collapse
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Cementing Procedure

Figure Source:  NYT
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Well Control - Barriers
•  Primary Barriers for Well Control

•  Static Equilibrium - Downward Weight of the Drill Mud 
in the Drill Pipe is Equal to the Upward Oil/Gas or 
Formation Pressure
•  Well Design -  Wellhead Seal and Multiple Casing 
Barriers

•   Secondary Barrier for Well Control

•  Blowout Preventer (BOP) Rams Activation
•  Last resort Blind Shear Ram Activation
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Blow Out Preventer (BOP) 5 Story Tall

Graphics Source: NYT
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Blow Out Preventer (BOP)

•  A Series of  Rams (Valves) 
Stacked one top of another

•  Forms Secondary Barrier

•  Last Resort Blind Shear Ram

Graphics Source: NYT
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Blow Out Preventer – Blind Shear Ram 

Graphics Source: NYT



Missing lockdown sleeve allows 
annular seal to fail

•  Missing lockdown
   sleeve allows annular
   seal to fail, gas/oil 
   rushes to the rig floor

•  Methane Gas 
   Bubble/oil rushes up 
   the annular space from
   18000 ft to 5000 ft

•  Casing/Cementing Fails
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•  Well System Failure
• Cement plug failure
•    Wellhead Seal Assembly Failure

•  Well Control Failure
• Mud Removed – Resulting in Upward Gas/Oil Pressure 
Greater than Downward Weight of the Drill Mud in the 
Drill Pipe –  PRIMARY  BARRIER LOST

•  Blowout Preventer Failure
•  SECONDARY BARRIER LOST

•  Blowout with Methane Gas Bubble Rising to Rig Floor
•  Ignition and Ensuing Explosion and Fire 

Sequence of Events



Failed 

X Test held
1400 psi

Source: Transocean
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2000 psi reduction in back-pressure
No mechanical bridge plug

No upper cement plug
No annular seal hold-down

Gas from
HP zone

Source: Transocean



Flow out 
exceeds 
flow in

Riser flow and 
pressure increase

Source: Transocean
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Containment Response (Cap Assembly) 
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Static Kill 
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Containment Response (Relief Wells)

Source: BP

Mid August



Oil Spill Magnitude


