Mississippi Canyon Block 252
Macondo Well
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The Well

Well Schematic
Mississippi Canyon 252 #1-01

Name: Mississippi Canyon
252#1 (Macondo Well)

Operator: British Petroleum
Water depth: 5067’ (1544 m)
Final depth: 18360’ (5596 m)
Number of phases: 9
Production casing: 7” x 9.5/8”

Planned final operation:
Temporary abandonment




The Rig

Name: Deepwater Horizon
Owner: Transocean :
Water depth: 8,000" (2438 ""m
Well final depth: 30,000’ (9146 fi1)
Year built: 2001
Day-rate: USD 500,000.00
Cost of construction: USD 350 MM
Accommodations: 130 people

Kind of rig: Semi-submersible

Station keeping: Dynamically positioned




NASA satellite imagery shows area in the Gulf of Mexico impacted by
Deepwater Horizon incident

ROBERT, La. — NASA satellite imagery shows an oil sheen leaking from the site of the Deepwater Horizon incident in the Gulf of
Mexico, April 26, 2010. The sheen is approximately 600 miles in circumference and recovery and clean-up efforts have resulted in
the collection of 1,152 barrels/ 48,384 gallons of oily-water mixture.

Imagery courtesy of NASA Earth Observatory Ap ril 26. 2010
1)







Chronology of the accident

Finish drilling (at 18360’) and complete logging —
April 15, 2010

Wiper trip — April 17, 2010

Run casing — April 19, 17:30

Cement job — April 20, 00:30

Set seal assembly — April 20, 07:00

Trip in hole and test casing — April 20, 15:00
Mud transfer to the boat — April 20, starts 13:20
Stop pump 21:31

Explosion — April 20, 21:49

Rig sinks — April 22, 2010



Eight barriers were breached

(&) . AL (D)
= e Well integrity was not established or failed
il 1. Annulus cemment barrier did not isolate hydrocarbons
1 i

L %0 2. Show track barriers did not isolate hydrocarbons

B o Hydrocarbons entered the well undetected
BOP - and well control was lost

Gea Floor ' 'I 3. Negative pressure test was accepted although well
integrity had not been established

4. Influx was not recognized until hydrocarbons were in
Gazing - riser
5. Well control response actions failed to reagain control of
well
e  Hydrocarbons ignited on the Deepwater
horizon

6. Diversion to mud gas separator resulted in gas
ventingonto rig

7. Fire and gas system did not prevent hydrocarbon
ignition
e Blowout preventer did not seal the well

I'T_”. : 8. Blowout preventer (BOP) emergency mode did not seal
: Reservolr ﬂ A b : well




Production Casing Installation

After drilling to fotal depth, casing is run fo

K bottom in preparation for the oement job. A
_— ] double valve float collar (s used fo prevent

S . backfiow or ingress of fluids through the

shoe track unti the cement hardens and

creates a permanent barrier.
= o
April 18th 00:30 - April 19th 19:30
Tea For 17:30 - 1930 = Lomg string dasign robust, consistant with
Circislated prios : I
Bl Cement ey eamant job similar wells in the area

» § attempts made o establish circulation
to convert float valves

* Circulate ~& times opan hoba volume,
limnited circulaton due 10 concarns ovar
creating losses and hoke washout

= ho evidence thal hydrocarbons entaraed
the wellbore pnor to the camantng
operation

1} i ¥ i ']
seenwaler Horzen Aockdent Invesligalicn



Cement Job
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Mo lock dowmn slesvs installsd,
I Spocer w
. 3260 - 7
= E'Fﬂ . Pull out hole vith dill pipe.
[] Foamed - "I.’ liI
Bl Tail Cement =~ e
Mt '
[IE[' et Primary Fr i
l"hmm_ i Eeservoir
E Ilﬂl i r ot Sanis
- T TR rﬂ] ad
& camisnt 17,260 g

Cemeant Is pumped down casing through

the fioat collar and up the annulus o
isolate the primary reservoir sands.

April 19 19:30 - April 202 07:00
Mitrogan camant skurmy chosen
- To achieve light weight slumy dua Lo
limited pore pressure [ fracture
gradeent wandow
Possible nsk
— Slability of foam
— Relabvely small volurme

- Siisceptibie to contaminatian
Mitigation of rsk by

- Thorough testing of sturmy design

~ Precisa placement

Centralization

~ B inkne cantrallzers spacad across
the reservor sands

- Additional cenfralizers not nun
bacause incorrectly thought to ba
wrong type

— Rk of channeling above reservmoir
sands known and acceptad
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Key Finding #1

The annulus cement barrier did not isolate the reservoir hydrocarbons

Cement is pumped down the

Cement Slurry Placement landing string and casing into the
e annulus to isclate hydrocarbon
bearing sands.
4Tl =
* Foam slumy recommended was a
complex design
g * Risk of contarmination wsing small
- volume of cemeant
* Mo flusd loss additives
han v Incomplate pre-job cement lab
- feshng
¥ Foam shurmy was likaly unstabla
and resulted m nitrogen breakout

w5 Mitrogen Breakout



Casing Key observations for Seal
shoe flow through shoe vs assembl
failure seal assembly y failure
Y Mechanical barrier Y
feilure mode identified
Y Realistic net pay N
assumption
Y 1400 psi recorded on N

drill pipe during negative
test at 18:30

Ability to flow from 20:58

Y N
B 1roog racer
[ 14.ripg 500 M) Y Pressure increase from N
E T IpEg AL i 21:08 to 21:14
g 1]
CA3Ir Y Pressure response from N
Fi':m:r 21:31 to 21:34
e T : e : LR : = = :.-. ™ . Y Tlmlng for gas arrlval to N
v e surface
A et i . : : Y Static kill N




Key Finding #2

The shoe track mechanical barriers did not isolate the hydrocarbons

Tail cement is displaced down the casing
info the shoe track. The tail cement is
designed to prevent flow from the

annulus into the casing. The foat collar
valves, which provide a second barrier,
musi close and seal o prevent flow up
the casing.

= Shoe frack had bwo types of mechanical
barriers. cemant in the shoa track and tha
doubda check vahes in the Moat collar

= Shoe track cement faled to act as a
armer due o contamination of the bass
slurry by braak out of nitrogan from the
foam slurry

= Hydrocarbon influx was able to bypass
tha float collar check valses due to ather:

® Yalvas fallad o comvart or
= Valves falled to seal

= Flaw through shoe confirmed by fluid
madaling and Macondo static Kill data




Negative Pressure Test
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[ paud
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The negative-pressure test checks the
integrity of the shoe track, casing and
wellhead seal assembly. This simulates

conditions during temporary
abandonment when a portion of the well
is displaced to seawater,

April 20" 15:04 - 19:55

= Negative test simulates underbalanced

condition

= Spacar used between mud and saswater
= Leaking annular at start of test moved

spacer across Kill line inlet

= Megative tast started on drill pipe but

changed to kill line

= Blsad volumes higher than caleulated
= Drill pipe built pressure to 1400 psi with

na flaw an the kil line



Key Finding #3

The negative pressure test was accepted although well integrity had

not been established

Bt

= Blead volumes not recognized as a
problem

= Anomalous pressure an drill pipe with no
flonw fromn kil line

= Tesi incormectly accepted as successfiul
= hagative testing not standardized



Undetected Flowing Conditions

| Hlme

Lra Floor
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[ ] Mud
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B iifuix
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Tast

L0000 — 21408
Rosumied puinping
Displaced risar with saawatar
untll spacer is at surfacs

i | Rt
Weall Bacommes wmndar b la neced

050 - 2108
30 bkl gain

Mud in the riser is displaced with

seawater in preparation for tfempaorary
abandonment.

April 200 19:55 - 21:14

= 20:02 Resume displacement of mud with
seawater

s 2052 Well becomes underbalanced and
starts o flow

= After 20.58 gain being taken and pressure
begns increasing

— Flew from well masked by emptying
af trip tank

= 21:08 Pumping stops for sheen test

= Pressure increases with pump off

= 21:14 Sheen lest complete. displacament
Ma3Lmes



Kev Finding #4

The influx was not recognized until hydrocarbons were in the riser

d LH)
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Flow indications:

#&1. Dnll pipe pressure
increased by 100 psi,
(expected decreased):
~39 bbl gain from 20.58
to 21:08

=#Z. Drill pipe pressure
increased by 246 psi with
pumps off
— Flonw out does not

immediately drop
afier shutfing down

pUmp
o322 Dnll pipe pressure
increased by 5356 psiwith
pumps off; ~300 bbl gain

= Mo well contrel actions taken




Key Finding #5

Well control response actions failed to regain control of the well
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Diverting to the Mud Gas Separator at about 21:42

VT e When responding to a well control event
the riser diverter is closed and fuids
it sent to either the mud gas separator or
EL,.E,W to the overboard diverter lines,
Diversion to the MGS
Rated 1o 60 pzi
working pressure = Rig crew has the option to divert flow to
Wk : _ partistarhoard averboard lines or the
= s . MGS
O m Diverting to part ar starboard will result in
= | e fluids venting overboard
Cheartoard] 14" Cim-iar Lima CragimnanT
— Rated to 100 o 500 psi = Liquid outlet from M3E goes to the Mud
. System under the main deck

B Seawater
B SeawaterMud KMix
B Infux



Gas flow to Surface at high rate: 21:46 to 22:00
r 127 Vant When responding to a well control event

the riser diverter is closed and fluids

(Sl T

— }.

- sent to either the mud gas separator or
= rating Dk Iﬂ'ﬂﬂ mmm

E
Hydrocarbon flow from surface

W aquipment

Ry
Heoas

= |nstantaneous gas rates reached

Kl
Zrxtem 165 mmschd
- l E“..;;‘ﬁ = Pressures exceeded operating ratings
: _ |above 100 psi)
[— ] - - e ! Tamrt I:I
Doy Y i ST e Gas would probably have vented from:
g i | = Slip joint packer inte the moan pool
= 127 MGS "gooseneck™ vent
= &' MGS vacuum braakar vant

= & averboard line thraugh burst disk
= 10" mud line under the main deck



Gas Dispersion across the Deepwater Horizon 21:46 to 21:30 hrs

Animation of Gas Disparsion

Upper Explosive Limast
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Lower Explosive Limit

ID View Cut Section Through Dernick Towards Aft



Key Finding #6
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Diversion to the mud gas separator resulted in gas venting onto the

When responding to a well control event
the riser divarter is closed and fluids are

sent to either the mud gas separator or
to the overboard diverter lines.

= Hydrocarbons were routed to the mud gas
saparator instead of diverting overboard

= Resulted in rapid gas disparsion across

the rig through the MGS vents and mud
zystem



Key Finding #7

The fire and gas system did not prevent hydrocarbon ignition

Gas Dispersion at 4 minutes

Secondary pratective sysiems are
designed 1o reduce the potential

LIEL

Vmanr Fralesro Lt

consaguence of an event once the

primary protective systems have
failed.

= as dispersion beyond alectrically
Classified areas
Section through dernick

LEL
LR TR BT LR

* (3385 ingress into engine rooms via main
deck air Intakes

= The ondine engines were ane potential
source of ignition




Blowout Preventer (BOP)

Sirtacs HEL &
Acourmilakirs Flex doint -

Bl
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Bind Shear Ram — i
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Stack

Emergency Methods of BOP Operation Avallable on OW Horizon Vi ihegd Connecior

ek

HOT Stab -
AMF AMF T SesBer—
Auto-shear

EDS
HP BSR Closs




BOP Response (Before the Explosions)

BOFP is designed 1o seal the wellbore and
y e fﬂ:ﬁ::“m shear casing or drill pipe if necessary.
wiies iFa e
April 20m
IR = 2141 annular BOP closed but appears
=2 71 : II ,_f,--'" Lowess Annulas BOP not to have sealed the annulus
ity . T * 21:47 a VBR Iikely closed and sealed the
pclna | L annulus
11
l e
o me D S l'"" — .-"'I.,.-'I
G g Do e . s L Aetivation of ViR
Uinprver | -~ f-r }F
LS L - A |
i [Taak mi L
Wiy e o




BOP Response (Impact of Explosions)

MUX cables provide electronic
communication and electrical power o
the BOF control pods.
Apri| 20m
R T = [Damage to MUX cables and hydraulic line
§,'3 LA — Cpening of annular BOP
Lewme nruiar & _Annailar ROP
[JPET induall ns
e L L2t | L Rig drifted off location
— Upward movement of the drill pipe in
= the BOP
Gire Traor o S — .-"I
{-E-Tm S - [ ——
Hppw WER r | }:
Wizda VER .._ i
Lowene [T eat] LEH
Wedesad Ciwaeoion =




BOP Response (After the Explosions)

There are several emergency methods of
= activating the B5R o seal the well,

April 20m
= EDS atternpts fallad to activate BSH

Ur P | 3 = AMF sequence [ikely fallad to activate BSR
i April 21t — 22nd
Sy Bl
W[ onameredss | * ROV hot stab attempts to clasa BOP wara
__/,..u-""' Bt - haats imaffasti e
i ] = = ROV simulated AMF function likely failed o
s o activate BSR
eaee || = = ROV activated auto-shear appears to have
Uppee VER . activated but did not seal the wel
Wik U s : April 25" — May 5"
L [Tt UBR =
* Further ROY attempts using seabed
5 deploved accumulators were unsuccessiul
Wiilrmad Connemor

Halhaac



Key Finding #8

The BOP emergency mode did not seal the well

Explosions & Fire: 1&. The AMF provides an attomatic
Loss of communication Peans nfelnsjng the BSR without
Lose of edectrical power crew intervention
Loss of hydraulics ¢ .
% ‘—U—U—m = EDS function was inoperable dusa to
f o | Hydeaidic Condl damage to MUX cables
H T mea-:l X Cabile = AMF could not activate the BSR dus o
defects in both conftrol peds

—-4'—'—'—! = Auto-shear appears o have activated

the BSR but did not seal the well

= Fotential weaknesses found in the
BOF testng regime and maintenance

management systems

Emergency Methods of BOP Operation Available on O'W Horzon

HOT Stab
ANF AMF
Auto-shear

EDS
HF BSR Clase



Recommendations

e BP Drilling Operating Pratice and Management
Systems
Engineering technical practices and procedures
Further enhance deepwater capability and proficiency
Strengthen rig audit action closeout and verification

Introduce integrity performance management for drilling
and wells activities

e Contractor and service provider oversight and
asSsurance
Cementing services
Drilling contractor well control practices and proficiency
Oversight of rig safety critical equipment
BOP configuration and capability

BOP minimum criteria for testing, maintenance, system
modifications and performance



Thanks!

Questions?



