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DAILY AND TOTAL DRILLING FLUID DISCHARGES, LOSSES AND RECOVERING VOLUMES
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9-Apr-10 51 Drilled last 100" to 6.90 L Baroid and M-I SWACO
10-Apr-10 18360" 6.90 ~15.92¢ 4 mud reports.

11-Apr-10 [ 6.90 ] 15,926
EZEEIRINO mud lost running, circulating or cementing 6.90 15,926
Egaigll || production casing. 6.90 15,926
14-Apr-10 6.90 15,926
15-Apr-10 6.90 15,926
16-Apr-10 1 6.90 15926
17-Apr-10 1 6.90 15926
18-Apr-10 6.90 15,926
19-Apr-10 6.90 15,926
20-Apr-10 ¥ 6.90 . 15,926
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Drilling operations: 10/21/09 - 10/28/09
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CONFIDENTIAL

PP/FG forecast
Low leak-off test at 22" casing shoe

Drilling 18%” x 22" hole with narrow drilling window
Well control event (kick) at 8,970’ (MD/TVD)

Decision to drill ahead past kick interval to TD hole section in shale

BP-HZN-2179MDL03128138
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SHE waETE R, Question: what is the most probabilistic trend
\ ¥ RO T of pore-pressure increase with depth in the
l \ . 18% x 22" hole-section?
\ 1N Shale & Sand Freveurs
\ \ } R52-1 "Rigel’ Estimated lck Presaure_AW1Z
‘\ bR |
! \ \ ‘ Strongly attune to seismic velocities as
P ! A exhibited in the Isabella well? (most-likely
e | scenario)
: Wy L e
s », \ ) -or-
‘ \ \
£ \ = ; :
& \ | . Similar to the maximum predicted pore-
\ \ 2 pressure as modeled from the Yumuri well,
9000 \ '.f and corroborated by the kick pressure in the
e \ 7 \ : offset Rigel well? (maximum pore-pressure
v \ scenario)
Rigel kick prussurc/ i )
! \ £
‘\ '\ \ -or-
= \ \ \ Something intermediate to these two
10000 L suggested end members
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» \ A e A stuck pipe incident in the offset Rigel
\ - -\= PR- Nost Likely Composite Frac
\ \ « i Shele Prsssure exploratory well (also in MC block #252) was
b} oWl Sihiate Prasssaine
1 \ 1t Shale & Sand Froveure

determined to have been the result of a kick:

\ ‘e MOYS21 "Rigel’ Estimated luck Pressue AW13

The kick event took place in the Rigel well in

8000 22 = “ ‘; \
\ \
{
\

a sand at 9,038 (MD) / 9,018 (TVD).
) / Subsequent MDT pressure tests in this sand
- | o suggest sand pore-pressure at 9,018’ (TVD)
s oA \\ ; to be 10.26ppg MW equiv.
£ A
i \ \ ; Structurally adjusted from Rigel, the
\ \ [ estimated pore-pressure at ~8,970' TVD at
000 \ P the Macondo location was estimated to be
o \ G approximately 10.20ppg.
AT B .
R Rekpromsuto \.\ ! This figure closely corresponds to the
‘\ X y maximum sand/shale pore-pressure pre-drill
\ \ 1 , estimate.
5 | Ve R
10000 | \ ‘\ )

10 m 2
Mudweight Equivalent, PPG
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MOST LIKELY OVERBURDEN

PR- ost Likely Campastte f rac

\ Mirsurr: Shale Pressuie
\4 e\ Shiae Prossuie
Shale & Sund Fressure s
\ . X | A4ppg.
‘\ ‘® MOYS21 Rigel’ Estimated Kick Pressure AW13 4ppra imate y 10 PPg
)
\

margin at 9,900’

Assuming the well will follow the most-likely
pressure forecast, the estimated pore-pressure
at the targeted 9,900 hole-section TD will be

A 10.7 ppg LOT value would provide for 0.3ppg

forecast.
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11.1ppg.

10 kil 12 it
Mudweight Equivalent, PPG
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Honoring the kick pressure point from the Rigel
well, however, would suggest that the well could
closely follow the maximum sand/shale pressure

Under this circumstance, the pore-pressure at
the 18" casing point would be approximately

A 0.3ppg margin at projected TD (11.4ppg total)
would exceed the composite fracture gradient at
the 22" casing shoe, and the sand fracture

envelope of any potential shallow sand intervals.

BP-HZN-2179MDL03128141




7000 060

An undesirably low leak-off test severely hindered
MOSTLIZELY DVERBURDEN efforts towards achieving a 18" casing point depth
PR- Mot Likely Camposite Frac

B\ near 9,900’ (TVD). Weak formation/sand at 22"
\ : i Shale Pressure CSG shoe?

Performed 8 leak-off tests at 22” CSG shoe:

*5 tests pumping down various combinations of
chokel/kill lines/drillpipe against annulars/pipe rams
i | 1038107 +1 after spotting an LCM pill on bottom

\ \ +1 after reducing surface mudweight

\ | e «1 after a cement/LCM slurry squeeze

Wil
8000 227

P

Depth. ft. TVDKB
= il
"

Results — (reported in downhole MW equivalent):
\ \ Minimum LOT: 10.33ppg

Maximum LOT. 10.47ppg
* g Mean LOT: 10.38ppg

9000 3 \

A N 3
= \ 7\ Scenarios:

Ifwell trended along the most likely pore-pressure
Rigel kick prossure 4 ‘} o gradient: Make it to projected 18” CSG seclion TD
S with little, if any, margin.

A
y A L
= \ \

10000

Ifwell trended along the maximum sand/shale
pressure gradient: Could become underbalanced

around 9,000 (TVD). Potential wellbore influx or
me,“equwu‘;nwg e * “ wellbore stability issues
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|
It is thought that a sand is exposed near the 22" casing shoe.

>4 2 T
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> 1 /y Began driling with 11.5ppg pump-
8 and-dump WBM at ~7,900’
7 Iv;] {' 22" casing depth: 7,956’
sand? = 1t
[
- a8 AT
Lesso ;
RES shift @ 7,900', Effect from \ ssgeienmed

changing from drilling with

T seawatet to WBM? transitioning from drilling with seawater to

pump-and-dump water-based mud causes
Gi:::;m%zr,gaogrﬁ:gc‘;ﬁm RES shit @ 7,940". Lithology §h|ﬂs (ljn bo:h GRfand REtESd.tThls change
seawater to WBM? effect? Shale to sand transition? in mud system, It execuled oo r_1ear to
WEISrio ! planned TD, can hamper detecting
lithology changes near TD.

\ While drilling the riserless section,

L
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SEaaan - : Drill ahead:
FopTalE WE | 9.7ppg surf. MW
| e ;
: ar % = 10.12ppg MW equiv. ECD
1 z Drill ahead.
i L 52 9.7ppg surf. MW - (e et
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A T T
= Eﬁ'ﬁl}k - < «— Flowcheck @ 8,970:
3
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e 0 S = D'i” ahead j 138 weli Monitor well on
9.7ppg surf. MW - A\ FHORE
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i = { 8
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o @ I Parameters:
| 8 [EEe L Surface mudweight: 9.8ppg
1 5 ESD: 8.88ppg MW equiv.
> 1 Hydrostatic: 4651psi
f ECD: 10.13 ppg MW equiv.
;'L = Dynamic: 4720psi
z 2 § Shut-in DP pressure: 120psi
; Ly Casing pressure: 90psi
o 7 Kick pressure: 4729psi
- + P Kick pressure: 10.15 ppg MW equiv.
o Underbalance (static): 78psi
3 S IE Underbalance (dyn) gpsi
. - = Kick volume: 11bbls
] =
1 1
1 f e
! L ©
1 g EE =

Well control operations:
+Shut-in and monitor well on the choke
+120psi drill pipe / 90psi casing pressure
*Worked pipe every 15 minutes
+Increased surface MW to 9.9ppg and circulate 9.9ppg
*MW around on choke
+Still detected drill pipe and casing pressure
*Displaced choke lines to 10 2ppg MW and open well
well static
+Displace riser to 10.1ppg MW, displace well to 10.0+ppg MW
well static
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« The team was faced with the decision on whether to drill ahead past the interval
that caused the well control event.

- Stop and set casing at current depth:

- Risks: likely get a poor leak-off test at 18” shoe. Bring into play the 11 %"
contingency liner, and perhaps an expandable liner. Potentially sacrifice hole-
diameter in the reservoir interval

~ Reward: Avoid another, potentially uncontrollable, well control event. Stick
BHA — sidetrack. Lose well.

- Drill ahead approximately 100" in order to set 18” casing shoe below problematic
sand interval:

- Risks: drill into another overpressured sand package that would initiate a
potentially uncontrollable well control event. Stick BHA. Lose well.

~ Reward: Drill ahead past problematic interval making it possible to isolate this
interval behind 18" casing. Achieve adequate leak-off test pending hole-
section TD is in a shale, and get “back on track” regarding planned casing
point depths.

« Teamdecision: drill ahead approximately 100’ to get 18" CSG shoe in a shale
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*Drilled ahead with 10.1ppg MW.
*Flowcheck at 9,064 — static
*ESD: 10.26ppg equiv. MW
*ECD: 10.34ppg equiv. MW
*Minimum leak-off ohserved was 10.33
*Reduce MW to 10.0+ppg
*ECD: 10.30ppg equiv. MW
+Drill ahead 9,064’ to 9,080’ (MD/TVD)
*TD

Decision was made to drill ahead approximately
100'.
22" underreamer was approximately 100’
behind the bit.
*Drilling 100"+ would ensure that the underreamer is
sufficiently past the kick interval at 8,970".
+*This would enable the 18" casing shoe to be
set below the problematic interval at 8,970’
»The 18" casing section was drilled to a TD of 9,090'
(MD/TVD) without further incident.
sIncreased MW to 10.1+ppg for trip out
*Spot 16.0ppg pad mud in pilot hole.
*POOH for casing
+18" casing shoe was set at 8.983' (MD/TVD)

GR/RES and cuttings suggest that 18" casing shoe
and hole-section TD are both in shale. Noted to be

slightly marly at TD
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MC 252 #1 (Macondo):

184" x 227 hole-section review (18" CSG section)

Drilling operations: 10/21/09 — 10/28/09




. Key topics:

PP/FG forecast

Low leak-off test at 22” casing shoe

Drilling 187" x 22” hole with narrow drilling window
Well control event (kick) at 8,970’ (MD/TVD)

Decision to drill ahead past kick interval to TD hole section in shale
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PP/FG prospectus:
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Question: what is the most probabilistic trend
of pore-pressure increase with depth in the
18%s x 22” hole-section?

Strongly attune to seismic velocities as
exhibited in the Isabella well? (most-likely
scenario)

_0 r-

Similar to the maximum predicted pore-
pressure as modeled from the Yumuri well,
and corroborated by the kick pressure in the
offset Rigel well? (maximum pore- pressure
scenario) - ————

-0r-

Something intermediate to these two
suggested end members
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Macondo MC_252-1-A Pressure Forcast: REV4 . 8/28/09
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A stuck pipe incident in the offset Rigel
exploratory well (also in MC block #252) was
determined to have been the result of a kick:

The kick event took place in the Rigel well in
a sand at 9,038’ (MD) / 9,018’ (TVD).

Subsequent MDT pressure tests in this sand
suggest sand pore-pressure at 9,018’ (TVD)
to be 10.26ppg MW equiv.

Structurally adjusted from Rigel, the
estimated pore-pressure at ~8,970’ TVD at
the Macondo location was estimated to be
approximately 10.20ppg.

This figure closely corresponds to the
maximum sand/shale pore-pressure pre-drill
esti 15 § = P ——
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Desired leak-off test value:

(Downhole mudwelght equwalent)

Macondo MC_252- 1APressureForecastREV4 8/28/09 -

re
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-% PR- Most Likely Composite Frac
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Assuming the well will follow the most-likely
pressure forecast, the estimated pore-pressure
at the targeted 9,900’ hole-section TD will be
approximately 10.4ppg.

A 10.7 ppg LOT value would provide for 0.3ppg
margin at 9,900’

Honoring the kick pressure point from the Rigel
well, however, would suggest that the well could
closely follow the maximum sand/shale pressure
forecast.

Under this circumstance, the pore-pressure at
the 18” casing point would be approximately

11.1ppg.

A 0.3ppg margin at projected TD (11.4ppg total)
would exceed the composite fracture gradient at
the 22" casing shoe, and the sand fracture
envelope of any potential shallow sand intervals.




~ Leak-off test(s):

7000.00

A acondo C252-1 -A essur Forecast: RE4 . 8/28/09
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An undesirably low leak-off test severely hindered

efforts towards achieving a 18” casing point depth |
near 9,900’ (TVD). Weak formation/sand at 22” |
CSG shoe? |

Performed 8 leak-off tests at 22" CSG shoe:

5 tests pumping down various combinations of
choke/kill lines/drillpipe against annulars/pipe rams
1 after spotting an LCM pill on bottom

1 after reducing surface mudweight

1 after a cement/LCM slurry squeeze

Results — (reported in downhole MW equivalent):
Minimum LOT: 10.33ppg

Maximum LOT: 10.47ppg

Mean LOT: 10.38ppg

Scenarios:

If well trended along the most likely pore-pressure
gradient: Make it to projected 18" CSG section TD
with little, if any, margin.

If well trended along the maximum sand/shale
pressure gradient: Could become underbalanced
around 9,000’ (TVD). Potential wellbore influx or
wellbore stability issues




It is thought that a sand is exposed near the 22” casing shoe.

Began drilling with 11.5ppg pump-

and-dump WBM at ~7,900’
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.. RES shift @ 7,900'. Effectfrom | |
T changing from drilling with "‘%&
T seawater to WBM? \

GR shift @ 7,900'. Effect from
changing from drilling with
seawater to WBM?

22" casing depth: 7,956

RES shift @ 7,940'. Lithology
effect? Shale to sand transition?

Lesson learned:

While drilling the riserless section,
transitioning from drilling with seawater to
pump-and-dump water-based mud causes
shifts in both GR and RES. This change
in mud system, if executed too near to
planned TD, can hamper detecting
lithology changes near TD.
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10.38ppg downhole LOT |

Drill ahead:
9.7ppg surf. MW
10.06ppg MW equiv. ECD

<— Flowcheck: static

<— Flowcheck: static

Drill ahead:
9.7ppg surf. MW
10.12ppg MW equiv. ECD
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Drill ahead:
9.7ppg surf. MW
10.12ppg MW equiv. ECD

Drill ahead:
9.8ppg surf. MW
10.09 ECD

Flowchecks: static

9.8ppg surf. MW
9.98 ESD /10.13 ECD

r<+— Flowcheck @ 8,970:

well flowing. Shut-in
well. Monitor well on
choke
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Well control operations:
*Shut-in and monitor well on the choke
*120psi drill pipe / 90psi casing pressure
*Worked pipe every 15 minutes
*Increased surface MW to 9.9ppg and circulate 9.9ppg
*MW around on choke
+Still detected drill pipe and casing pressure
*Displaced choke lines to 10.2ppg MW and open well
*well static
*Displace riser to 10.1ppg MW; displace well to 10.0+ppg MW
*well static

Parameters:

Surface mudweight:
ESD:

Hydrostatic:

ECD:

Dynamic:

Shut-in DP pressure:
Casing pressure:
Kick pressure:

Kick pressure:

Underbalance (static):

Underbalance (dyn):
Kick volume: 11bbls

9.8ppg
9.98ppg MW equiv.

4651psi

10.13 ppg MW equiv.
4720psi

120psi

90psi

4729psi

10.15 ppg MW equiv.
78psi

9psi




Deci‘sion to drill ahead:

* The team was faced with the decision on whether to drill ahead past the interval
that caused the well control event.

- Stop and set casing at current depth:

- Risks: likely get a poor leak-off test at 18” shoe. Bring into play the 11 34”
contingency liner, and perhaps an expandable liner. Potentially sacrifice hole-
diameter in the reservoir interval

- Reward: Avoid another, potentially uncontrollable, well control event. Stick
BHA — sidetrack. Lose well.

— Drill ahead approximately 100’ in order to set 18” casing shoe below problematic
sand interval:

— Risks: drill into another overpressured sand package that would initiate a
potentially uncontrollable well control event. Stick BHA. Lose well.

- Reward: Drill ahead past problematic interval making it possible to isolate this
interval behind 18” casing. Achieve adequate leak-off test pending hole-
section TD is in a shale, and get “back on track” regarding planned casing
point depths.

Team decision: drill ahead approximately 100’ to get 18” CSG shoe in a shale




 Drill ahead past kick interval: f

g *Decision was made to drill ahead approximately
100'.
«22” underreamer was approximately 100’
behind the bit.
{ *Drilling 100’+ would ensure that the underreamer is
sufficiently past the kick interval at 8,970’
*This would enable the 18” casing shoe to be
set below the problematic interval at 8,970’
*The 18” casing section was drilled to a TD of 9,090’
iy (MD/TVD) without further incident.
i *Increased MW to 10.1+ppg for trip out
*Spot 16.0ppg pad mud in pilot hole.
*POOH for casing
*18” casing shoe was set at 8,983’ (MD/TVD)

—y
/7

\ ‘W‘F‘N ‘-.\{‘

*Drilled ahead with 10.1ppg MW.

*Flowcheck at 9,064 — static
*ESD: 10.26ppg equiv. MW
*ECD: 10.34ppg equiv. MW

*Minimum leak-off observed was 10.33 GR/RES and cuttings suggest that 18” casing shoe
e L 0 U R and hole-section TD are both in shale. Noted to be
*ECD: 10.30ppg equiv. MW slightly marly at TD

*Drill ahead 9,064’ to 9,090’ (MD/TVD)
*TD
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¢ Pre-drill PP/FG model

« Leak—off test at 18” casing shoe

While drilling

16” casing point decision

» Lost circulation event

Lesson learned
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w

Attempting a leak-off test at the 18” casing shoe was met
with some difficulty.

- The first two leak off attempts were performed against the
upper annular. While pressuring up the system, observed
rcturns to the trip tank

- The third attempt packed-off

- The fourth attempt was performed against the pipe rams
Similar to the first two attempts, gains were noted in the
trip tank

It was concluded that a hole or washout must be present in
the drill pipe. Mud was being expelled to the annulus from
the drill string, and displaced 1o the trip tank via the
return line

Tripped to inspect drill pipe.

4
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* After tripping to inspect/re-
make the BHA. a 5™ leak off test
was attempted

- Pumped up a 10.84ppg ESD

-~ Maximum obscrved pressure
during leak-off test: 317psi
(11. 2ppg MW equiv.)

~ [t was thought that we were
pumping into the overlying
sand interval from 8, 860" -
8,950’ via a leaky 18"
casing shoe. Estimated FG in
this sand (11.2 - 11.3ppg
downhole equiv.) closely
corresponds to the maximum
pressurc obscrved in LOT #5.

« Decision was made to perform a
cement. squeeze on the 18”
casing shoe

i

M,
i

0068

0006

5
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i
g Afeiis ¢« Subsequent to a cement

~—PIT Shutiin . squeeze. A desirable leak-off
—csGTest [ 2= —1 T 1l value was achieved on the 6th
t Fracture i

attempt:

7 - = | Mud weight (surface): 10.6ppg SOBM
& Mud weight (downhole) [PHD]: 10.70ppg
18" Casing shoe depth: 8,972’ (TVD)

71 Pre-drill estimated fracture:
/ | Sand: 11.3ppg downhole
7T Lealroffi Shale: 11.8ppg downhole

7 LOT:

7 Surface pressure (leak off): 475psi
Maximum surlace pressure ([racture):
Hhhopsi

=
\4\ I

Z Surface leak off - 11.62ppg
7. Downhole leak off - 11.72ppg MW equiv.

-
~y

r~

Surface fracture - 11.78prg (Report 1o
MMS)

Bowkfdlerfibeakeof f 11.68tpg MW cquiv.
RIS e : displaced well to 10.9ppg SOBM,

drilled _ahear 8

S

6
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Gamma Ray PWD

0 75 15018 02 18]
PWD Temp Mud Wt
8 ¥ % 16
50 175 320
EstPore Press  ppg
0 GasAverage  530]9 12 16
= d HH
& [ = y
8 k. r RIS < Raise M¥ to 10.9ppg
3 § To drill out of 18” CSG
<
=
8 =
o
8
“4— Noted increasing gas. Raise MW to 11. 1ppg
= b
TS
S
4

*High gas (>3000u) observed while drilling at 12,20"
that lagged-up from sand stringer at 12,0607 .
*Ohserved second gas-hearing sand at 12,120"
“Increase wud weighl incresentally from11.1 Lo 11,4

00041

AVMIA W

while circulating at 12,200’ to remove gas from mud
system

*Decision was made by the team to drill to 12,350 in
order to isolate gas-tearing sands behind 16” casing.

A~ =

D1ill aliwad Lo 12,3507 wilh 11.4ppg wud. ECD intreuses
to from 11 43 (with 11 Ippgmud) to 11 73 (with 11 4ppg
mud) r

oooct
T
P
-‘IM
|
|
I

f
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« While drilling at 12,000 , the team convened to discuss
casing point.

- Geophysicist indicated, from seismic data, that a sand-
prone interval was likely present helow 12,500" . Thin
sands observed from log data in the offset Rigel wells
corroborated this assertion

~ It was accepted amongst the team to call casing point
before 12,500’

-~ The exact depth was the subject of further discussion.

12
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» (Observations while drilling ahead at 12, 000’

- The leak=ofl Lest value al the 18” casing shoe was 11.72ppg

- Pre—drill predicted pore-pressurc at 12,000” , from scismic
velocities, and Rigel MDT pressure data, was 11.5ppg downhole
equivalent.

-~ ECD values while drilling with IL. Ippg mud to 12,000" were
11.43ppg

ECD values were below predicted pore-pressure

- Drilling indicators suggested pore-pressure was lower than
predicted.

- No connection gas, no cavings or splintered shale in
cuttings, and resistivity was modeling a pore-pressure
regression

- Sand intervals observed in the Rigel wells were not
encountered while drilling at Macondo

* Decision: 13

13
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* Qutcome:

- Drilled ahead past 12,000 with an 11. 1ppg MW.

- While drilling at ~12,200° , circulated up excessive gas
(greater than 3,000u) from a thin sand at 12,050" , and a
conncection at 12, 110’

- Stopped drilling at "12,200° and incrementally incrcased
mud weight to 11.4 circulate out, and squelch gas

- Decision was made to drill ahead with an 11.4ppg mud to
12,350 . This depth would ensure the reamer was
sufficiently past the gaseous sand stringers, and that
they could be isolated behind the 16” casing

- Drilled 1o 12,350° with 11.4ppg nud.  Maximum ECD values
observed were 11. 73ppg mud weight equivalent

- Reached a drill depth of 12,350” . Picked-up off bottom,
and lost full returns.

14
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lost full returns after pulling off bottom.

= Pumped LCM pill and circulated to spot pill at 187

casing shoe.
~ Lost 2300bbls while circulating LCM pill to shoec

MIIII!EL\ ?I?IK!VI?IW!IIII ”." ; ” bp
Y : _‘ e ‘ _ﬁ“ ;! ' @@ﬁmﬁﬂr 4: ."' ‘ ‘ ‘ ‘ , m/m g
e W e T e
» Finished drilling to hole-section TD at 12,350’ Circulated, and
|

- POOH into 18” casing shoe

0

Pumped various LCM applications to attempl to curtail losses

Calcium carbonate of variable size and concentration, form-a-
squeeze, form a set, swell LCM, and EZ squeeze were utilized

= An application of 200bbls of form—a-syueeze followed by a spacer and
200bbls of form—a-sct ccased losses brought the well to static. A

plug of form-a-set was left in the bottom of the 18” casing

« Mud weight was cul. From 11.4ppg to 11.2 ppg. Well was stalic.

»* POOH for a clean-out BHA

15
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Macondo

MC 252 #1 (Macondo)

W 16.5” x 20” hole section review (16” CSG section)




Outline:

*  Pre-drill PP/FG model

*  Leak-off test at 18” casing shoe
While drilling

* 16" casing point decision

*  Lost circulation event

»  Lesson learned




Pre-drill PP/FG model:

Macondo MC_252-1-A Pressure Forecast: REV5, 10/26/09
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Leak-off test attempts 1-4:

*  Attempting a leak-off test at the 18” casing shoe was met with some difficulty.

The first two leak-off attempts were performed against the upper annular. While pressuring up the

system, observed returns to the trip tank
=  The third attempt packed—off

The fourth attempt was performed against the pipe rams. Similar to the first two attempts, gains

were noted in the trip tank

» It was concluded that a hole or washout must be present in the drill pipe. Mud was being expelled to

the annulus from the drill string, and displaced to the trip tank via the return line.

*  Tripped to inspect drill pipe.




Leak-off test attempt 5:

*  After tripping to inspect/ re-make the BHA, a Sth leak-off

test was attempted.

= Pumped up a 10.84ppg ESD

317psi (11.2ppg MW equiv.) ==

™

It was thought that we were pumping into the

overlying sand interval from 8,860’ — 8,950’ via a

leaky 18” casing shoe. Estimated FG in this sand

J

4

K

Maximum ObSCI’VCd pressure during leak-off test: j
|t
A

(11.2 — 11.3ppg downhole equiv.) closely

corresponds to the maximum pressure observed in E’

LOT #5.

»  Decision was made to perform a cement squeeze on the

g}
18” casing shoe. ﬂ"F

Rila: Holi=o

Alr 3apt 76
 Sfiftdd diath 1K1

[0 S S S S

e | ety




187 loak-off test #6:

——PIT Test

——PIT Shut.in

—CSG Test 0

* Subsequent to a cement squeeze. A desirable leak-

off value was achieved on the 6th attempt:

Mud weight (surface): 10.6ppg SOBM
Mud weight (downhole) [PWD]: 10.70ppg
18” Casing shoe depth: 8,972’ (TVD)

Pre-drill estimated fracture:
Sand: 11.3ppg downhole
Shale: 11.8ppg downhole

LOT:
Surface pressure (leak off): 475psi

Maximum surface pressure (fracture): 550psi

Surface leak off — 11.62ppg
Downhole leak off — 11.72ppg MW equiv.

Surface fracture — 11.78ppg (Report to MMS)
Downhole fracture — 11.88ppg MW equiv.

* After leak-off test, displaced well to 10.9ppg
SOBM, drilled ahead




While drilling: overview

Gamma Ray PWD -
0 75 1o 12 18]
PWD Temp . 'V'U1d Wt an
50 175 300 g R ey —————
EstPore Press  ppd
0 Gas Average 50018 12 16
L L)
4
- Raise MW to 10.9,
TMISY aise 0 10.9ppg
<] 3 = T4 drill out of 18" CSG
E
HIL]
i
H—t
M- |
Il |
1
]
o0 |
4
2 |
'." l 3 4— Noted increasing gas. Raise MW to 11.1ppg
—i
.E i
gl
i1 |
L ¢ *High gas (>3000u) observed while drilling at 12,200" that lagged-up from sand stringer at
-l 12,050".
E ] *Observed second gas-bearing sand at 12,120’
5 I ; *Increase mud weight incrementally from 11.1 to 11.4 while circulating at 12,200’ to remove gas
A from mud system
1
] ] *Decision was made by the team to drill to 12,350’ in order to isolate gas-bearing sands behind
B { \ 16" casing.
51
Ll
L Drill ahead to 12,350' with 11.4ppg mud. ECD increases to from 11.43 (with 11.1ppg mud) to
L l / 11.73 (with 11.4ppg mud)
XY
L
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While drilling 10,000’ — 11,000’:
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‘While drilling 11,000° — 12,350’ (TD):
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Zone of interest — 12,000° — 12,350’ (TD):
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value was breached at approximately 12,000’

The threshold of 0.3ppg margin between ECD and downhole leak-off

off, and ECD values are approximately equal.

At hole-section TD, the pre-drill estimated pore-pressure, downhole leak-
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16~ casing point decision:

»  While drilling at 12,000’, the team convened to discuss casing point.

Geophysicist indicated, from seismic data, that a sand—prone interval was iikeiy present below

12,500’. Thin sands observed from log data in the offset Rigel wells corroborated this assertion.

It was accepted amongst the team to call casing point before 12,500’

The exact depth was the subject of further discussion.




16 casing point decision:

»  Observations while drilling ahead at 12,000’:

The leak-off test value at the 18” casing shoe was 11.72ppg

Pre-drill predicted pore-pressure at 12,000’, from seismic velocities, and Rigel MDT pressure data, was

11.5ppg downhole equivalent.
= ECD values while drilling with 11.1ppg mud to 12,000" were 11.43ppg
ECD values were below predicted pore-pressure

Drilling indicators suggested pore-pressure was lower than predicted.

No connection gas, no cavings or splintered shale in cuttings, and resistivity was modeling a pore-

pressure regression.

Sand intervals observed in the Rigel wells were not encountered while drilling at Macondo

»  Decision:

The decision was made to drill ahead past 12,000" with 11.1ppg mud towards an eventual TD closer to
12,500’




16” casing point decision:

*  Qutcome:

Drilled ahead past 12,000’ with an 11.1ppg MW.

While drilling at ~12,200’, circulated up excessive gas (greater than 3,000u) from a thin sand at
12,050, and a connection at 12,110’

Stopped drilling at ~12,200" and incrementally increased mud weight to 11.4 circulate out, and
squelch gas.

Decision was made to drill ahead with an 11.4ppg mud to 12,350°. This depth would ensure the
reamer was sufficiently past the gaseous sand stringers, and that they could be isolated behind the

16” casing.

Drilled to 12,350° with 11.4ppg mud. Maximum ECD values observed were 11.73ppg mud weight

equivalent.

Reached a drill depth of 12,350’ Picked—up off bottom, and lost full returns.




Lost circulation event:

Finished drilling to hole-section TD at 12,350’. Circulated, and lost full returns after pulling off bottom.
Pumped LCM pill and circulated to spot pill at 18” casing shoe.
~ Lost 2300bbls while circulating LCM pill to shoe.
— POOH into 18” casing shoe

Pumped various LCM applications to attempt to curtail losses

= Calcium carbonate of variable size and concentration, form-a-squeeze, form-a-set, swell LCM, and EZ-squeeze were

utilized.

— An application of 200bbls of form—a—squeeze followed by a spacer and 200bbls of form-a-set ceased losses brought the

well to static. A plug of form-a-set was left in the bottom of the 18” casing.
Mud weight was cut from 11.4ppg to 11.2 ppg. Well was static.

POOH for a clean-out BHA
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