Forensic Engineering Dossier

Deepwater
Horizon
(Macondo)

B&!QM@IU}EI examination

of barriers, uncertainty,
and escalation

Analysis based on U.S. Chemical Safety Board (CSB)
Investigation Reports, Volume 2.
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System Overview

The Rig:
Deepwater Horizon.

Dynamically positioned
(DP) semi-submersible.

Water depth: ~5,000 ft.

The Connection:

Marine Riser
(low-pressure conduit).

Subsea Blowout
Preventer (BOP) on
seafloor.

The Well:

Macondo
(Mississippi Canyon
Block 252).

Operational Phase:

Temporary Abandonment.

Objective: Secure well
with cement/plugs,
displace heavy mud with
seawater.
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Roboto Mono Anm Veto (#F4FSF7)
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Intended System Function

Primary Barrier Win /- lecncimer  _ comenighes: 1 %
Cement and mechanical plugs isolating the reservoir. Wetbore . & = 0 /
Hydrostatic pressure from drilling mud (temporarily removed). A e /E
\ Camentpig e o [:":infiifiifé‘ﬁéii
Secondary Barrier: The BOP Stack
BOP Component Seals Wellbore | Shears Drillpipe Function & Count
Annular Preventers e @ Seal Check Seal Check Shear X eadl aradig pipciopelino’e.
N Allow movement. (Count: 2)
: AR . Seal around pipe. Hold high
% S N4
Pipe Rams @ Seal Check Seal X Shear X pressure. (Count: 3)
Blind Shear Ram (BSR) @€ |  seal SealCheck | ShearCheck [ Lastl!ineofdefense;Cutpipe
i % and seal wellbore. (Count: 1)
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= Success = Absolute isolation between high-pressure reservoir and low-pressure marine riser. >
g .
I(,.r"‘

[/

Case ID: B812306VF8

Roboto Mono | 2024-8 & NotebookLM



Forensic Engineering Dossier

Operating Context

System State Overview
e Activity: Displacement of heavy mud
with seawater.

e System State: Underbalanced (Hydrostatic
pressure < Formation pressure).

e Verification: Reliance on “negative
pressure test” interpretation.

e Constraints: Time and cost pressures;
multiple concurrent activities.

The Decision Gap: Safety depended

entirely on human interpretation of
equivocal pressure data.

 Case ID: 9123067F8
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What the System Failed to Do

Isolation Failure

@ Bottom-hole cement

FAILURE

|

FAILURE PATH

=il Detection Failure X

e |nstrumentation and
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B4l Containment Failure X

e Upper Annular
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Case ID: 8123667/F8
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Case ID: B123067F8

Warning Signs That Were Present

Depth of oil & gas to rig (1,000 ft)

> E:} 9:49 PM: Explosion.
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6| | pressure differential.
8 | 9:08 PM: Pumps shut down. [RsEnuLCON.
"Mud free" returns declared.
10 | (CSB: Strong flow indicators
12 ignored).
14 |
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Case ID: 8123867F8

- Barrier Dependency and Coupling

i BLUE POD YELLOW POD MISWIRED
| ‘ ( SOLENOID (Y103) [
i MISWIRING h (Inter, Safety Orange)
’ SYSTEM
COUPLING
| {Roboto Monao)
_§g ; e | |- N Lk : el
| Drained ~ 0___ : Drained
27-volt battery : 9-volt battery
(Inter, Safety Orange) : (inter, Safety Crange)
: L * — Irony: Drained battery g
: = i prevented miswired -
5 | | == “l:“ | miswired coils from
; noperanie "L 4 : opposing, allowing fire.
' COMMON MODE FAILURE: Latent defects existed in BOTH s
emergency systems simultaneously due to inadequate testing. z
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Why the Failure Escalated

Ti1 . .
A~ 1. Influx: Gas expands in riser, —

pushes mud to rig floor.

Configuration

>(]
—> 2. Surface: Diverter routes flow

to Mud Gas Separator (MGS).
MGS overwhelmed.

* | L
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—> 3. Explosion triggers Automatic
Mode Function (Deadman).
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Buckled Drillpipe

Buckled drillpipe.
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o blades were procesred

A during drlllpipe.
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'/ FAILED TO SEAL

Ren.sans the-tsar BSR

% blades: aftuncted the
st

ras im the tight

Buckled Pipe.

BSR activated but struck off-center, buckled pipe. Failed to seal.
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Consequences
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Human Impact

* 11 fatalities
17 reported injuries

Environmental Impact

* Uncontrolled flow for 87 days.

- Massive hydrocarbon release
into Gulf of Mexico.

Forensic Engineering Dossier | Case ID: 8123867F8
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Asset Loss

» Total destruction and sinking
of Deepwater Horizon.

Societal/Operational

 Regulatory overhaul (BSEE).

* Industry-wide re-evaluation of
Safety Critical Elements.

Roboto Mono | 2824-8-21
& NotebookLM



lIIIIIIII:IIIlIIIII|I]IIE|I[III|IIIEI|I:IIlI|IIJII]IIIIIlI1III|IIIII|IIIII||IIII||IIII1II!III|

Forensic Engineering Dossier Case ID: 8123067F8

Where Earlier Intervention Was Possible

Gap: Risk assessment
missed “effective
compression” buckling.

@

Identification

Gap: BSR not designed
to reliably shear 6 5/8
inch drillpipe.

&
Performance
Requirements

4

Verification

Gap: Miswiring in
control pods
undetected.

Gap: No testing of
high-pressure shear
capabilities.
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Transferable Insight

Latent Failures Fragility of Interpretation

Redundant emergency systems o_--_o Systems relying on human

can hide fatal defects if not i i interpretation of ambiguous data
functionally tested under 5'.I | Ll create single points of failure.
realistic conditions.

Temporary Modes

Transitions (like temporary
abandonment) carry high risk
but often receive less
automated monitoring.

The Confidence Trap

Success in low-demand
operations can mask
degradation of high-demand
emergency barriers.
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-~ Closing Reflection
: el
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Which of our critical barriers

are proven — and which are +

simply assumed to work?
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