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SIMPLE QUESTIONS

Extent of Damage to theAWell?
Oil Flow Rate? | |
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A Matter of Scale

TL BOP |}
48 cm in diameter |
1,000 bars of working pressure |

Tank M1 (9.8 m 61 tonnes)

-{n'r

I

!
|2

>

:
(] [ e e
LE ol _;:;-ﬂ' | Q

L — i i

-T. . R T alhe
:ﬁ‘?ﬁﬁ . = S = S — L s
- —t—— | i

'1 4\' l_*_ t_-- _._L'__l___l Tk = L ————— T : x T w_l
COMPOSITE PROFILE, wvocoasus




P. Kelley,
US Coast Guard

v '
+ ice methane gas
+ water
v ™~
2 -500 a
E methane
£ hydrate
) + ice
©
& -1000-
11
. =
-~ EGELGE
b | hydrate
-1500 - + water
- 10 0 10

' tem peratufe’ (C) ¢



N .\



Patient: Gulf Of Mexico

lliness: severe internal bleeding

Details: explosion of Macondo well

Doctor: Dr. Rov-Auv

: ./Procedure/Equipment

Vital signs

v Radiation

v Ultrasound
Doppler

v Blood
samples

Angiography
v by
tomodensito-

metry

Listen for audible flow
restrictions with a
hydrophone in direct
contact

Cobalt-60 gamma imagery

Flow assessment with
imagery & Doppler sonars

Fluid sample
taken from edge of BOP

Subsea plume
analysis with

in situ mass
spectrometry (MS)

v

v

v

v

Catheter

Breathing &
lung
function
test

Toxicology
test

Anticoagulant
test

Vascular clamp
Stitching

Post-op
biopsy

Geo-referenced sampling
rosette

Numerical Fluid
Mechanical Modeling for
microbial oxygen
consumption

VOC analysis with
P3 overflights and CRDS
analysis on research vessel

Subsea dispersant
sample and Fourier
transform mass
spectrometry

Containment cap
"Bottom kill" cementing

Sediment core &
coral sample analysis




Cobalt-60 Gamma imaging

Image courtesy of: SAIC

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

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




Doppler ultrasound

showing the rate and direction of blood flow in the umbilical cord of a fetus
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(Nicolaides, et al., Placental and fetal Doppler, 2000 )



Doppler acoustic velocity measurement
system and multibeam sonar imaging

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



Acoustic flow rate analysis

« Sonar measurement of flow cross section
» Doppler sonar measurement of fluid velocity
 Analysis of fluid composition
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Detailed analysis of the Macondo well
oil composition

h

() Station 19, 2.3 km SW of MW

| Station 13, 6.1 km SW of MW
Station 14, 16.5 km SW of MW

X\, Station 18. 27 km SW of MW

i.benzene
o

F
o
oo

naphthalene

o
>

o
~

=
N

>
@©
L®]
k=
c
9
el
]
c
.
et
Q
(©
| -
1

10" 10° 10° 10" 107 1'32;'2 10"
Aqueous solubility (mol L")

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



Barrels of Qil per Day

Riser falls to

seabed “62K BPD
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(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)



Multiple-robot incident response

-2000

26.85

latitude

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




(Camiljj, Rgﬁdy, et al., Science, 2010)
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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 pg/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

(Camilli and Duryea, ES&T, 2009)
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A New Mass Spectrometer with Improved Focusing Properties

WaLkER BLEAKNEY AND Jouw A, HirrLE, Jr.
Palmer Physical Laboratory, Princeton University, Princeton, New Jersey

(Received February 7, 1938)

The use of crossed electric and magnetic fields for a mass spectrometer is discussed. It is
shown that this arrangement has perfect focusing properties; the focusing depends only on the
m/e of the ion selected, and not on the velocity or direction of the charged particles entering
the analyzer. The projection of the path in the plane perpendicular to the magnetic field is a
trochoid, The theory necessary for the design of the apparatus is developed in some detail,
A method of drawing the trochoids is described as well as a chart which is a great help in
rapidly correlating the many variables. It is shown that there are two types of path to be
considered, the curtate and the prolate. The former was employed in the first model constructed
and gave encouraging results in spite of some structural difficulties encountered. The second
apparatus was the prolate type and worked exceptionally well. Some typical mass spectrd are
shown. It was found that a distribution in energy amounting to 50 percent of the potential
accelerating the ions had no effect on the resolution.
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Hydrocarbon composition
and mass flows

S
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(Ryerson, Camilli, et al., PNAS, 2012)
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(Valentine, Mezic, et al., PNAS, 2012)
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Constantly evolving technical challenges )

* Aging infrastructure ® & & & 8 8 8 & 8 8

* 3,800 platforms (1,000 inactive) Sources: MMS, EIA Office of Oil and Gas: includes lease condensate
» 27,000 abandoned wells
* 45,000 km of pipeline

. . ) MISSISSIPPI ALABAMA ,‘ :
» Sedimentation and mass wasting 5

I

“# LOUISIANA

* Mapping and measurement errors

» Collisions, anchor drags, and impacts
* Hydrate formation

» Trapped subsurface plumes

* Increased well pressure/temperature

 Limited robotic capability/access | Western Planning Area) .
499 Active Platforms Central Planning Area

3,359 Active Platforms

» Subsurface regulatory jurisdiction/enforcement

Probability of failure x consequence = risk magnitude
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