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BOP (16.5 m   280 tonnes)

R/V Oceanus (54m   910 tonnes)

Tank M1 (9.8 m  61 tonnes)

A Matter of Scale
TL BOP

48 cm in diameter
1,000 bars of working pressure



‘Sleeping Dragon’ exposed hydrate formation
JSL dive #3568 (Sept 2006) R. Camilli 

P. Kelley, 
US Coast Guard 

from K. Jordan Projects in Scientific Computing 2005

…and of Depth
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MEDICAL CHART

Patient: Gulf of Mexico
Illness: severe

 

internal

 

bleeding
Details: explosion of Macondo well
Doctor: Dr. Rov-Auv

Procedure/Equipment
Vital signs

 

Listen for audible flow 
restrictions with a 
hydrophone in direct 
contact

Radiation

 

Cobalt-60 gamma imagery

Ultrasound Flow assessment with
Doppler imagery & Doppler sonars 

Blood

 

Fluid sample
samples taken from edge of BOP

Angiography Subsea plume
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Catheter  Geo-referenced sampling 
rosette
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Numerical Fluid 
lung  Mechanical Modeling for
function microbial oxygen
test consumption

Toxicology VOC analysis with
test P3 overflights and CRDS 

analysis on research vessel

Anticoagulant

 

Subsea dispersant
test sample and Fourier 

transform mass 
spectrometry

Vascular clamp

 

Containment cap

Stitching

 

"Bottom kill" cementing

Post-op

 

Sediment core &
biopsy

 

coral sample analysis



Internal structures and 
contents of rail carriages 
made visible by a gamma 
imaging system 

CAD wireframe model of the 
Macondo well blowout 
preventer (BOP)

Cobalt-60 Gamma imaging
Image courtesy of: SAIC

Image courtesy of: SAIC



(Nicolaides, et al., Placental and fetal Doppler, 2000 )

Doppler ultrasound
showing the rate and direction of blood flow in the umbilical cord of a fetus



(Camilli , Di Iorio, et al., PNAS, 2011)

Doppler acoustic velocity measurement 
system and multibeam sonar imaging



Acoustic Flow measurement Graphic

Acoustic flow rate analysis
• Sonar measurement of flow cross section
• Doppler sonar measurement of fluid velocity
• Analysis of fluid composition





Detailed analysis of the Macondo well 
oil composition

(Reddy, Arey, et al., PNAS 2011)



(McNutt, Camilli, et al., PNAS, 2011)



(Camilli, Reddy, et al., Science, 2010)



Angiography by 
tomodensitometry
Image showing the inferior vena 
cave, its structure of renal veins 
and the kidneys

(Yu et al., BMJ Case Reports, 2010)



(Camilli, Reddy, et al., Science, 2010)

Multiple-robot incident response  



NRDA
GATHERER 
SHIP ROSETTE

(Camilli, Reddy, et al., Science, 2010)



Atomic mass range 2-200 AMU

Power 25 Watts @ 24V

Maximum depth 5,000 metres 

Endurance ~1 year operating 
continuously

Response time  ~5 seconds 

Sensitivity (Limit of Detection) <1 µg/L 

External dimensions (with 
5,000 m housing)

23 cm diameter x     
61cm length 

Weight (with 5,000 m housing) 13 kg in water
35 kg in air

Moving parts none  
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TETHYS in situ mass spectrometer

(Camilli and Duryea, ES&T, 2009)



(Camilli, Reddy, et al., Science, 2010)



(Ryerson, Camilli, et al., PNAS, 2012)

(Ryerson, Camilli, et al., PNAS, 2012)

Hydrocarbon composition 
and mass flows



(Valentine, Mezic, et al., PNAS, 2012)



Source: WHOI‐MISO, NOAA/BOEMRE (White, Hsing, et al., PNAS, 2012)



Probability of failure × consequence = risk magnitude

Constantly evolving technical challenges
• Aging infrastructure

• 3,800 platforms (1,000 inactive)
• 27,000 abandoned wells
• 45,000 km of pipeline

• Sedimentation and mass wasting

• Mapping and measurement errors

• Collisions, anchor drags, and impacts

• Hydrate formation

• Trapped subsurface plumes

• Increased well pressure/temperature

• Limited robotic capability/access

• Subsurface regulatory jurisdiction/enforcement
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THANK YOU!
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