From: McAughan, Kelly

Sent: Wed Jun 08 14:53:24 2010

To: Pere, Allen i.; Skripnikova, Galina

Subject: Subsurface Technical Memo

Importance: Normal

Attachments: MC252 Subsurface Technical Memo vi.ZIP
Aftachments: MC252 Subsurface Technical Memo vi.ZIP

From: Pere, Aflen L

Sent: Tuesday, June (08, 2010 2:32 PM
To: Skripnikova, Galina; McAughan, Kelly
Subject: RE: Request: 14,1 sand potenial

Wednesday will be fine.

Thanks

Allen Pere

BtBcp Lead

EPT - Drilling & Completions
Office: 281-366-0278

Cell: 281-615-2078

From: Skripnikova, Galina

Sent: Tuesday, June 08, 2010 2:25 PM
To: Pere, Allen L; McAughan, Kelly
Subject: RE: Request: 14.1 sand potenial
Allen,

If it's urgent we can meet now. | will show you my interpretation and answer your questions.
Otherwise - see you tomorrow,

Thanks,

Galina

From: Pere, Allen L

Sent: Tuesday, June 08, 2010 2:23 PM
To: Meaughan, Kelly: Skripnikova, Galina
Subject: RE: Request: 14.1 sand potenial

Sounds good, | had access but will call if | can't get in.

Thanks

Allen Pere

BtBcp Lead

EPT - Drilling & Completions
Office: 281-266-0278

Cell: 281-815-2078

—

39 42

Worldwide Court
Reporters, Inc.
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From: Mcaughan, Kelly

Sent: Tuesday, June 08, 2010 2:21 PM
Toz Skripnikeva, Galina

Cc: Pere, Allen L

Subject: RE: Request: 14.1 sand potenial

Galina, I'm out this afterncon. My baby is sick with a stomach virus but T will be
there in the morning {my husband and T switch half days).

Allen is it okay for you to come over to WL4 2nd floor tomorrow morning say
8ish?? T don't know if you have access to the floor. You can call me - there is o
directory and phone at the elevators on 2.

Thanks,

Kelly

From: Skripnikeva, Galina

Sent: Tuesday, June 08, 2010 2:16 PM
To: McAughan, Kelly

Cc: Pere, Allen L

Subject: RE: Request: 14,1 sand potenial
Kelly,

I can do tomorrovs. | think you may better come here and fook at the data. | am in loday as well. Let
me know if you want to have jook today.

Thanks,

Galina

From: McAughan, Kelly

Sent; Tuesday, June 08, 2010 1:37 PM
To: Skripnikova, Galina

Subject: FW: Request: 14.1 sand potenial
Galina,

Would 8:00 be good tomorrow to meet with these guys on the investigation? I
won't respond to them until I hear back from you,

Thanks,

Kelly

From: Pere, Allen L

Sent: Tuesday, June 08, 2010 1:35 FM
To: McAughan, Kelly

Cc: Corser, Kent

Subject: RE: Request: 14,1 sand potenial
Kelly,

That is a good time, it would be goed to bring the petrophysicist.

Thanks
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Allen Pere

BtBcp Lead
EPT - Drilling & Completions
Office: 281-366-0278
Cell: 281-615-2078

From:
Sent:
To!

Cc:
Subject

Allen,

McAughan, Kelly
Tuesday, June 08, 2010 12:57 PM
Pere, Allen L
Corser, Kent
RE: Request: 14.1 sand potenial

T'm at home this afternoon with a sick baby but will be in the office fomorrow
morning. Can we meet then? Would you like me to bring the petrophysicist too?

Kelly

From:
Sent:
To:

Cc:
Subjact:

Kelly,

Pere, Allen L
Tuesday, June 08, 2010 11:33 AM

McAughan,

Kelly

Corser, Kent
FW: Request: 14.1 sand potenial

Do you have time this week to discuss the sands in the production interval of the Macondo well. |
have guestion around the three sand that are in Beld red.

Thanks
Allen

LINER
14,2
14.1
13.07

12.6
12,6
12.86

Allen Pere

CONFIDENTIAL

Top of Sand Bottom of
MD Depth

Feet

12030.0
13227.2
17168.0
17467.0
17700.0
17804.0
17975.5
18030.0
18067.0
18420.0
18217.5

Sand
Depth
Feet

MO

12246.0
13230.2

17469.0
17708.5
17806.5
17988.5
18032.0
18089.0
18191.0
18238.5

Top of Sand Bottom of  Fluid

TVDSS
Depth

Feet

11845.0
131416
17157.0
17381.1
17614.1
177181
178898
17944.1
179811
18034.1
18131.5

Sand TVDSS Content

Depth
Feet

12161.LGas
13144 €Gas

17383.1Gas
17622 .€Uncertain
17720.€0i or Gas
17903.6Brine
17946.1Brine
18003.1Ci
18105.CCil
18152 £Cil

Expected to flow Sand
(Used in Name
Modeling)

Yes if Liner Leak $023
Yes if Liner Leak S$026

Yes M57B
No M57C
Yes MS56A
No M568
No MS6C
Yes MS6D
Yes M56E
Yes MS6F
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BiBcp Lead

EPT - Drilling & Completions
Office: 281-366-0278

Cell: 281-615-2078

From: Corser, Kent

Sent: Monday, June 07, 2010 5:42 PM

To: MC252_Email_Retention; Carser, Kent; Knudsen, Torben; McXay, Jim; Pere, Allen L; Renter,
Stephen; Winters, Warren J

Subject: FW: Request: 14.1 sand potenial

Kent Corser

Drilling Engineering Manager NAG

BP America Inc

510 Westlake Park Bivd Room - 2.332A
Houston Texas 77079

Office- 281-366-2142

From: Mcaughan, Kelly

Sent: Saturday, June 05, 2010 8:40 AM

To: Corser, Keng .
cr: Ritchie, Bryan ’
Subject: RE: Request: 14.1 sand potenial

Qur petrophysicist deemed the sand at 17700'MD not to have hydrocarbons.
Possible brine filled. The perm & porosity is low 1 to 5 md and less than 9%
porosity. T attached a spreadsheet that has the description of all the sands below
the 9 7/8" liner. Hopefully this will help you guys. Let me know if you need
anything else.

Kelly

<« File: MC252-1 Sand Description v2.xls »

From: Corser, Kent

Sent: Saturday, June 05, 2010 8:24 AM
To: McAughan, Kelly; Corser, Kent
Subject: Request: 14.1 sand potenial

Kelly - Can you provide comment regarding the sand that was measured with the PWD tool (14.1
pPg).
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Questions:

1. Are there any hydrocarbons?
2. Is the sand capable of flow?
3. What are the properties of the sand (perm, porosity elc.)

We are trying to make a judgment on what started to flow first and need to determine if this sand
has potential.

Kent Corser

Drilling Engineering Manager NAG

BP America Inc

510 Westlake Park Blvd Room - 2.332A
Houston Texas 77079

Office- 281-366-2142
Cell -
Home -
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Gulif of Mexico SPU

Technical Memorandum

TITLE: Post-Well Subsurface Description of Macondo well (MC 252)
TO: Kate Baker, Cindy Yeilding, Jay Thorseth, Peter Carragher

WRITTEN BY: Marty Albertin, Chuck Bondurant, Kelly McAughan, B:nh van Nguyen
Bryan Ritchie, Craig Scherschel, Galina Sknpmkova ‘

DATE: 25th May 2010

introduction

Prospect Name
Surface Location Block No.
BP well name

OCS-G Well number
Spud date on Marianas

e S

OCS G323 6 01

T

N SVember 2009

10 February 2010

~. | Exploration

] 18,360’ md /18,349 tvd / -18,274’ tvdss

04/06/2009
4,992 feet
75 feet RKB
18,085 md / 18,054 tvd / -17,965 tvdss
90 ft
Reservoir Temperatiire 236" F
Reservoir Pressure 11,850 psi
GOR 3,000 scfibbl
API| 35
Version 1 BP Confidential 1
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Macondo spud
October 6, 2009

Marianas pulled off location
November 27, 2008

After running the 18" casing and cementing the same, the Marianas BOP failed a scheduled
test. At the time of the failed test, the 18” casing had been run and cemented. No open hole
was exposed. A cement plug was set in the 28" casing, and the rise/BOP stack was pulled.
While the BOP stack was being repaired on deck, the late season hurricane Ida formed in the
gulf. The well location was in the projected path of the hurricane. The Marianas was
evacuated. Upon returning to the rig after the storm, inspections had revealed extensive
damage to wire/cables along the underside of the rig. These wirgs/cables were damaged as
the result of waves/swells impacting the underside of the hull. 'Té;;g;hga_ggergd the sheathing of
many of the wires/cables to be worn to the point that bare wirgs\werelexposed. After assessing
the situation it was deemed that the damage was too extéhisive to peﬁf"“"r.m;‘ repairs on location.

The rig was de-moored and towed to a shipyard in Missilgg’”s“ii?jpi tqéyﬁﬁbrvﬁ’éiﬁ%gequisite repairs.
While being repaired in the shipyard, the rig contract eipﬂ;;rféij‘..‘;f;%ftér finishingirepairs, the rig
: ; i

R

i

was released. Y 7%%:{1’3 ,_,’
F N
Well status at time the Marianas was pufled off location™ i%%%g%\

The 18" casing was run and cemented. A 200° cement.plug was se‘t‘éw‘a“;%;\he 28" casing shoe.
It was decided that the Deepwater Horizon would fifishidrilling the Macondo well after finishing
U

5 ‘t@%gf;'

g
i+ i

appraisal drilling operations at the Kodiak discovwg@

RO Sh b,
" i A f:‘% q::%f? . .
After performing scheduled drawworkg@;gd BOP maifiténance finning the riser, and testing the

BOP on the wellhead, the Macondo f\j{;gl!'was re-erftf‘”'ed on [—;p{ﬁ’mary 10, 2010. Upon re-entry,

Fﬂ-—" ¥ rl
On location with the Deepwater Horizon a’fﬁ? A

January 31, 2010 %i'ijj 4@%-}'

2

the cement plug set by the Mariapa

nasiwas drilled-olitEzAfterfsqlieezing the 18" casing shoe, the
Deepwater Horizon began makingys :

AR5 2010,

i

_Mﬁaﬁf!"\‘nmvh *
A p PR A oy
Date encounteréd and:c depth.of mainarget

The prima%ﬁlﬁgﬁ""’iarget wasier guntek@i@;l\pril 4, 2010 while drilling at a depth of 18,065'
(MD)/18,0545¢TVD). ; R
Date;@fgepth of final TD
The Mé_&sjé{gq% well reached a finalsTl); of 18,360° (MD)/18,349" (TVD) on April 9, 2010.
“:;{{E%’ 3{ ?;_: pY
rations

operations, prodi¢tign.casi

being displaced to ﬂ*»a:ﬁ g
stack. %
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CONFIDENTIAL

Geological description

The primary target for the Macondo well was an amalgamated low relief channel-levee system
of Middle Miocene age (M56 ~13Ma) (Figure 1). The channel system trends in a north-west to
south-east direction over an elongated Mesozoic 4-way ridge that strikes north-east to south-
west. The trapping elements are a combination of dip and stratigraphic. The expected facies
are low relief channel-levee deposits with vertical and lateral connectivity.
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gstratigraphy and drilling plan for MC0252_1 well.
8e };'z?tw
The Macondo well diséﬁf}s‘gsed =90 feet of hydrecarbons in the M57 and M56 sands, the majority
occurring in the M5BD (22') and MB56E (B4.5') sands {Figure 2). The depth structure and

amplitude maps for the M56 and M57 intervals are shown in Figures 3 and 4.

.

Figure 1: Pre-drijifih
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MB6:Depth and Brine/Qj] Distribution Maps

T e T R

i st of the Macondo well is a series of five channel-
irange in depths from 9100ft TVDSS to 14,000ft
,gasggrom one of the channel systems (Figure 5).

TVDSS.

~140 00) blogemc gas field in south-central Mississippi Canyon

bIocR’*T#ZE 2:. It is approximately M?;gjm age. The original Rigel exploration well was drilled by
Texaco*anég,ggg to a TD of 13 600"'{MD)!12 832’ (TVD). Subsequently, a production well was
b ']'hls well reached a TD of 16,200' (MD)/14,162' (TVD). This

eEtionaIEy toward the souihwest The bottom-hole location is in

eh
pipeline. The weil S gntly operated by ENL

’.rr"

Seismic evidence shows that the lateral extent of the closest of these channel-levee systems
(M110) does not reach the Macondo well (Figure 6).

Version 1 BP Confidential 5
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MB7-Depth and Brine/@il Distribution Maps
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M110:Depth and Brine/Oil Distribution Maps:

LA s T e &

Figure 6: M110 Depth Structure f3piand Ampiftudgﬁ\?!;‘?jg
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Shallow Hazards

BP completed an archaeological and seafioor gechazards survey across Mississippi Canyon
Block 252 and vicinity in January 2009 1o meet MMS requirements for archaeologically
significant blocks. No significant man-made or natural hazards were identified near the
proposed MC 252-1 wail or within the proposed anchor radius for the Marianas drilling rig.

The shallow hazards discussion is limited to the top-hole or riserless section (i.e. between
seafloor and the base of the 22-inch casing section). Figure 7 shows the top-hole formation
forecast {THFF) for shaliow gechazards that was derived from 3D seismic data. Figure 8
shows the shallow hazards top-hole observations log that was generated after drilling the

top-hole section. The post-well comparison between actual drllllng conditions and pre-drill
prediction is provided below. o duriE, g

Shallow Gas

The zone from the seafloor to 8,001 # MD (base of 22-1110?‘1 ca:s_gr;g se

have a Negligible potential of shallow gas. No shallow'g as observediwhi Ie d
riserless section.

Shaliow Water Flow

A Low risk for SWF was assessed for two interyals=(6:570:
7,614 ft MD). There was one unit predicied wﬂh “a Moderat
pre-drill THFF between 6,913 ft and 7,025 ft MD’“f Althoy “'h.
the gamma log between 5,660 ft to 6,900 ft &
drilling the riserless section.

k of encauntermg SWF in the
“prone intervals are noted from

The potential forg i ; e a plastic clay retun response to water based mud, was not
addressed in the preé dn’!g;l' HFF. This was not a concern because the plan was to drill the hole
section with seawater. “Gumbo was observed towards the end of drsllang the 22-inch casing hole

section. The gumbo coincided with circulating pad mud in place in preparation of running
- casing.

Version 1 BP Confidential 8
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Depths Interpretation Gec;i:;z; rds Comments
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Abbreviations: BML = Below Mudline; S5 = Subsea; BDF = Below Derrick Floor; TWT = Two-Way Travel Time I Plate 23
Air gap assumed to be 89 ft for the Marianas. Error: Estimated accuracy is % 0.5% for seaffoor, £ 3.0% depths BML
{Subsea accuracy is the sum ef these twol.

Figure 7. Original Top-Hole Formation Forecast at the Proposed MC-252 #1 Location
{produced by Craig A. Scherschel, 08 June 2009).
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MC.252 #1 (Macondo) LWD Log
with.Shallow Hazards:Observations.

P~ Dellt Assssumunt a3 | Lant
Pradiciad Sabsba Dopih~ Poxt= Oill) Obsvrviilons: ... ...
Meenu ed Depth (Ag:_gap L3

Weter Dopth = £,89276%
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Figure 8: Shallow Hazards Top-hole Observations Log for the MC-252 #1 Location between

Seafloor and the Base of the 22-inch Casing Hole Section (produced by Kate Paine, October
2009).
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Pore Pressure and Fracture Gradient

The current Macondo pressure interpretation incorporates revisions to the pre-drill forecast
based on: synthesis of LWD and wireline pressure indicators (pressure transforms based on
resistivity, sonic and checkshot, and density); drilling parameters and data {RxC, background
and connection gases), direct drilfing indicators (kicks, osses), and GeoTap and MDT pressure
measurements (Figure 9). Pore pressure is higher than the predrill most Iikely curve, from
8000 to 17750° TVDKB. The pre-drill pressure prediction was too low In this interval due to
slower than predicted interval velocities, and the apparent need for higher pressure transform
model more similar to that used in the analysis of the high pressure, narrow margin offset well
“Yumuri®, MC382-1. Reservoir pressures are much lower than predicted. Pre-drill centroid
modeling of channel sands draped over the large 4-way Macondg structure placed reservoir
pressures 0.1-0.3 ppg higher than shale pressure. Actual reseryoit:, ressures imply regional
hydraulic connectivity to deeper water, lower overburden/{p,;_,@’ﬁ‘g p E)‘[_ifff’-'iinvirom‘nent&'. to the
south (similar reservoir pressure to isabella), or local congq'é:
southwest and east of the prospect. Though wireline def

Asity i
calibrated acoustic to density transforms of the Maconds: ech
overburden is lower than predicted. Lower densities used Nt icalibrated pl‘a‘rsjﬁve | over!
are consistent with the higher than predicted pore pressgﬁ‘fef‘*‘bp__s‘_%l;:\fed at the'pr gct. The
narrower than predicted PPFG window above the reservoirleveligdito shallower than planned

shoes, and use of contingency liners.
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Macondo MC_252-1-A Pressure Forecast: REV3, 51710
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Figure 9: Post-well PPFG interpretation.
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Petrophysics

Summary

From shows, log response and fluid samples it is interpreted that >90 feet of hydrocarbons
were discovered in the M57 and M56 sands, the majority occurring in the M56D (22°) and MS6E
(64.5'} sands. Porosity averages 22%, Sw averages 10 - 17% and permeability averages in the
range of 250 - 500 mD (arithmetic, log derived).

Fluid sample quality is high - volatila oit with GOR ~3000 and API=35, PVT analysis showed
viscosity of 0.17 cp.

No hydrocarbon-water contacts were penetrated and no s;gm 1 difer sandstone was

observed, S Wéfg“}?’ S
Log derived porosity and permeability were calibrated to daté fron;;:retary@ g __(,,,wall cora sample
analysis. v D,

A R

.e"
ME6BD is probably slightly different rock type and moresheterogeneous than’“MSﬁE* this is
supported by core and log data. (s _?3;@\
sy
The successful calibration of log data to core plug d:—ﬁ“ﬁ %‘lhe MSSE‘ggariﬁagwes a reasonably

high degree of certainty around the petrophysmai*parameter&udesptte the relatwe lack of core
data. A greater degree of uncertamty exists muthe morg etErogeneous M56D sand. Further
Valss h

n
not covered by core data and are difficul io re%elve wntﬁ~ tandardi'lo gging tools as they are less
than 2.5 feet in thickness. The Iowest

56F sand v.éa%@hot Tulky écovered by logs.

‘87 "X;Q\‘\ .
All LWD,, |renne Mud Iogglng% Pressure‘%nd Core data was Ipaded into Geolog where

formatjan;evaluatlon was compiete

Hali:burton wasfthe Logging Wh:l _'Dnlimg (LWD) vender. GR, Resistivity, Sonic and PWD tools
were in the BHA‘*"whtle drlllsng(p ?s ‘Geotap formation pressure in target section.

In the wireline sect D was depth shifted to TCOMBO Gamma Ray. In cased hole
section, where wireliné:Sohic in casing was run, LWD was shifted to it to match sonic response
on LWD and wireline. From mudline to top of sonic in casing (~11,700' md) the depth shift was
distributed.

Wireline

The following Schlumberger cpen hole wireline logs ware un in 6 descents in open hole section
from 17,150™-18,270" MD. They include the following tools:

R1D1: ZAIT-GPIT-LDS-CNL-GR-LEHQT
R1D2: CMR-ECS-HNGS-LEHQT

R1D53: Dual OBMI-GPIT-DSI-GR-LEHQT
R1B4: MDT-GR-LEHQT (pressure and samples)
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R1D5: MSCT-GR-LEHQT (rotary side wall cores) was not fully successful; repeated as
R1D7 after R1D6

R1D8&: Quad VSI-GR-LEHQT
Basic observation on logs and borehole condition:

» The hole has a diameter of 8.5” from TD of 18270’ to 18,090'md and 9.875” from 18,090° md
to the 9.875" casing due to the use of a hole opener assembly.

- This hole section was drilled with barite as a mud weighting material (~20 % of high gravity
weight solids). This causes the density correction curve (DRHO) to read negative and also
significantly affects the quality of the PEF curve.

* Run R1D1 was run ~7 days after the formation was drilted and 20 hours after the last
circulation stopped. During that time the open hole was £exposed, toddifferent kinds LCM
materials to treat losses, below the 9.875” shoe and closedAB,TDE ‘gliper indicates some
wash outs in shales but mainly gauge hole in sandstone ’ ’

1 |

&

Core

. iy

ia%g;"
There were 44 rotary side wall core samples recovered fron_f_?s\
and analyses were done at Weatherford's Laboratories.

Sl e o . B
ifable for pétr ﬁgglcal analysis. After
ofzmechanicaipfoperties and pore

e,

Only around 2/3rds of the samples were in a congdit
sufficient cleaning and drying, 6 samples wergf;;cj_;éii:cate IZ

compressibility studies. 19 samples were selécted for Routine, Core Analysis (RCA). The
analyses from 17 samples from M56D andsM56E havé be mpleted to date and are
referenced in this document whilst 2 mare saf : ysed. RCA was performed
at 500 psi and at Net Confining Stress;{NCS)"
sand fracture evaluation, over burder

e
netinch of rack, the core plus represent

nd 1.4% of the M56E In terms of amount of interval
perties and Capillary pressure measurements)

scribed as fine to medium size grain sandstones, one as
e

5t

A

zeriAnalysis (L. Ai results on 17 samples (6 in M56D and 11 in M56E) are
presented in Figuresy g

%,
0 ang

In Figure 10 Klinkenbérg é%rrected permeability to air at NCS is plotted versus the percentage

of different size particléeé?in the sample. There is a clear relationship between sand content and
permeability,

it could be argued that the M56D samples (green) have marginally more siit and less sand grain

size particles than M56E samples (blue), though with the retatively small data set this may be a
function of the sampling.
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Figure 11: Laser Grain Size Analysis, Permeability vs. percentage of different (very fine, fine,
medium and coarse) size sand particles.
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The observations from Figures 10 and 11 leads fo the suggestion that the M56E core plugs
indicate slightly better sorting than the MS6D plugs. This is reflected in their respective
positioning in K/PHi pace as indicated in Figure 12. Further the Winland iso-pore throat lines
suggest that two sands may be slightly different rock types based on their degree of sorting.
The 10 micron line divides the two rock type.

Macondo Porosity vs Permeability

10000.000
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sy ﬁ%kﬁ;ﬁ@m —R35 @ 0.1 Microns
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: : e R35 (@ 2 Microns
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Kilinkenberg Permeability at NCS (mD)

St s e
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gﬁg"’?‘e i " :
i Sl

E{@ction {XRD} analysisiesults from 10 samples (4 in M5BD and 6 in M56E) are
presentedgin:Figure 13. Minera

average 93% 1P
Based on the;lss
mineralogy betwegn:

Version1 BP Confidential 16

CONFIDENTIAL BP-HZN-2179MDL02393604




WEATHERFORD LABORATORIES

X-RAY DIFFRACTION
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Figure 13: X-Ray Diffraction Analysis. First 4 samples (from 3—4R { ) are for M56D, 6 next
samples are from M56E.

Routine Core Analysis
After the rotary sidewall core plugs were clea d ang

ne
Routine Core Analysis (RCA). The meagurements orosﬂy é‘ d permeablhty were perfermed
at 500 psi and at 2000 psi (NCS)M The ana{y |s also ine
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RSWC_RCA K_KINK_NCS, CC 0967473
K = 10%:(~623958 + D.335339+(FHITY

TN

gg%ermeabﬂﬁy to air at NCS is plotted versus Porosity at NCS with
sed for Permeability calculation,

Figure 14: RCA. Kiifj
linear regression function
Frequency histograms of core derived Porosity and Permeability are presented in Figure 15.
Porosity of M56D samples are very close to M56E samples but Permeability is slightly less, it
maybe due o sorting, packing and to grain size distribution as mineralogical content of the
sands is simitar.
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g "D_;ri“»',%k
Log to Core“‘?i%fib}a tion

Density porosity (dec)
Where: Rhog is grain density (g/cc)
Rhob is the density log {g/cc)
Rhof is the fluid density (g/cc)
Grain Density (Rhog) and Fiuid Density (Rhof) were determined from core derived data.

Frequency distributions of core measured Rhog and fog Density (Rhob) vs. core measured
porasity (Phit_ncs) plot are presented in Figure 18.
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Core derived Rhog from the M56D and M56E sands are very similar at 2.645 g/cc. However the
cross-plot of Core porosity v Density log (Rhob) shows the M58D sand plugs to plot off trend
with the M5BE plugs. The force fit line through the M56E plugs through the grain density of
2.645 g/cc gives a very reasonable Fluid density Rhof of 0.845 g/ce, which is consistent with the
reserveir fluid from pressure data and the mud filtrate density. A number of M56D plugs
suggest a higher Rhof of greater than 1 g/cc which is inconsistent with the reservoir fluids
derived form logs, pressure data and fluid evaluation. Considering these data points to be
ancmalous, a RHOF=0.845 glcc Is used for Density porosity evaluation for all sands,
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On the left side in Fig, 18a, BRHO (Y axis) is plotted versus the difference between cors
porosity and density derived porosity (X axns) For M56E sand {in blue) the difference is +/- 1
porosity unit while density correction DRHO is around -0.015 gfec; For M56D sand (in green)
the density correction and the porosity difference are higher for most of the samples.

The large DRHO corrections match spikes in the PEF curve indicating the greatest barite effect
{blue curve in Neutron-Density track) in Figure 18b.
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Figure 19: Overlaying Density porosjti ‘M ; ssity and cross plots of corrected
Density log with core porosity for F!u: j g

The need to make this correctlon =t9‘ t[ydthe core data’f‘guggest a slightly higher uncertainty in
petrophysical par E{eﬁtyers"tm the MSGE}%sand compared to the M56E sand.

There may be(;_ﬁot

Vsh=(GR—GR__sand)l(G R_shale-GR_sand)

The sand and shale lines were adjusted-"'to reflect the sand percentages from the mudicg and
Quartz volume estimated by of ECS log. -

For identifying alt possibly permeable layars a Volume of shale {VSH) cut-off of 0.4 is used.

The cumulative sand count for each of the permeable sands is presented in Figure 20.
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. 17381.07351
17458.07347 | 17383.07347
17689.07027 | 17614,07027 [M57C 8.50000
17697.57014 | 17622.57014
17793.06826| 1771B.06826 |MS6A 2.50000
17795,56821} 17720,56821
17964.56328] 17889,56328 |M56B 5.00008
17978.56256| 17903.56256
18019.06017 | 17944.06017 |MS6C 2.00000
18021,06004 | 17946.06004
18056.05774 ] 17981.05774 {M56D 22.00000
18078.05618| 18003.05618 '
18109.05382 18034.05382 |MS6E © 69.50000
18180.04842| 18105.04842
18206.54683| 18131.54683 | MSSF 6.50000
18227.54573| 16152,54573

22 W
Figure 20: Cumulative sand thrcknes;sr"‘ é}fr sand units

§p0r05|ty°:s$presented in Figure 21. A net sand cut off of 14 %
edf’ \These valiiés are based on GOM analog Middle Miocene
Sra: data to confirm these parameters with permeability

sands), f!u:d san'ﬁpli‘n both }esewolr sands showed volatile oil, therefore no gas correction
applied to the Dens‘f‘t@ i The density log derived porosity has been demonstrated to lie
reasonably well to porossty from core plugs.
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Figure 23: Density Porosily (with uncorrected density mput) distribution in M560 sand vs. Core

porosity.

If the corrected density is used in the M56D sand for porosily calculation the comparison with
core data is closer {Figure 24),
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Figure 24: Density Porosity {with corrected densr

porosity.

Three further sands have been identified in th 1 D hole, ctlé"rfffff\'; gh have a gas signature on
Neutron-Density logs: namely M5S7B, MSGA 1ancd MSB tsamples were taken in the
Mb57B and MS5BA sands though onet '_ ken inM56F and is currently under
evaluation.

and parameféf‘s ifficult to assess accurately due to
the thin nature ofn«these. .Sands, -igem
- n

el

The Sw evaluation will;5& re-visited after Electrical properties and Mercury Injection Capillary

Pressure measurements are finished. Sw is a subject 1o some uncertainty currently.

Frequency histograms of Sw are presented in Figure 25. The Sw cut off for pay is estimated at
50 %. The cut off value will be revisited after SCAL results are available
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with Sw=50% cut off.

Log derived permeabihty’ in ’the MSBE nel sand was compared to Core permeability and
presented in Figure 2653} ,s!trshows reasonable match in geomefric and arithmetic mean values. A
similar histogram for M58D did not show good match because the Permeability was calculated
using Densily porosity derived with uncorrected density (Figure 27).
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Fluid Typing

Based on MDT pre-test pressure data analysis and fluid sampling analysis, the M56D and
MSBE reservoirs comprise volatile oil with GORs of around 3000 with an AP gravity of 35, A
more complete set of data and analysis will be presented in Fluid Properties section.

The M56F sand underlying the main pay zone was not sampled by the MDT tool but based on
it's location below M56D and MS6E and below the thermogenic front it is likely to be oil.

The fluid analysis of the M57D and M56A sands is uncertain (Figure 28). Sand MS6A has a
sonic log signature similar to M56D and MS6E, which are ojl bé“a ng sands. Sonic porosity
calculated in the sand matched density porasity, which also‘ajg”‘ievii'i’é o’be oil sand as Sonic
porosity is usually higher than density porosity in gas sang 15t is position on the
boundary of thermogenic front — right above i, it could beig i

The M57B sand is approximately 2 feet thick and likely to
fluid determination, but based on its position above the the
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Figure 29: Fluid ftyping of sands M578 and M56A.

The M57C Sand was pressure tested by the LWD real time Geotap pressure tool at 17606' MD
with an equivalent mud weight pressure of 14.19 ppg. This pre-test failed to repeat on re-
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logging with the MDT due to repeated seal failure. The OBMI image suggests that the sand is
very thinly interbedded (Figure 30) and the thin sand siringers are below density log resclution
so the evaluation of porosity, Sw and fluid type is compromised.
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Figure 30: Logs over sand M57C.

Reservoir and fluid quality

Despite limited core data availability,
that:

. From g_re data, two rock typeS*have been identified; M56E comprises mainly Rock type 1
and |s$d1fferent|ated from Reckj' Type 2 by improved sorting. The rock Types are also
identifi abierggn@wphu space, wnﬁ‘* an average pore throat radius of 10 microns dividing the
Rock type S he MSBD,.,sand comprises both Rock type 1 and 2 Rock iype 1 maybe

m

associated wnthf;;é éwthln bedded pay as evndenced by increased anisotropy from the
tensor resistivity"—dgﬁa"and the CMR bin porosity distribution. There is a better match
between core porosity and permeability in the Rock Type 1 of the M56E sand then the more
heterogeneous sands of M56D and therefore less uncertainty on‘reservoir parameters. Thin
section data will be integrated with the rest of the data when available to strengthen these
assumptions.

« Mobilities from MDT pre tests confirm the two sands have high permeability in the 100's of
millidarcy range,

» Figure 31 shows the permeability estimation from different data.
Red symbois — permeability measured on core {to air),

Brown line — permeability calculated from Density porosity using core derived equation (see
underestimation of Permeability in M58D).
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Red line was used for averages instead — permeability with corrected Density porosity input.
Blue symbols — drawdown mobilities from MDT pretests,

Green symbols — draw down mobility from MDT samples.

Drawdown mobility is rough estimate of permeability to oil.

Pretests mobility do not look valid to use, MDT samples mobility multiplied by 0.17 cp

viscosity can be compared to Permeability to air measured on core and calculated with logs
— magenta stars.

» There is a good match of log derived porosity K_CORE and CMR derived KTIM (purpfe
curve).

* There was some initial difficulty in acquiring MDT Pressure data in the two sands. Three
fluid samples were eventually taken — 1 in M56D and 210 MgSEa Allz3, samples identified
same fluid - volatile oil with GOR ~3000 and API=35, R¥i#analy; 1C
cp. After the sampling, the pressure tests program wagsiif‘ﬁf;éi_fgumed»
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Figure 31: Logs dafa demonsirating M56D and M56E analysis.
e Pressure gradients are presented in Figure 32. Sample and MDT points show very slight
different gradients between the two sands (0.24¢ psilft and 0.251 psi/ft for M56E and M56D
respectively) but they were taken with different probes that may expiain the difference.

» Water saturation uncertainty will be decreased as capillary pressure and electrical
properties measurements are available.
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Figure 33: Macondo net/pay summary table.
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Petroleum Systems and Fluid Properties

Temperatures (pre- versus post-grill)

MacondoTemperatures
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é

n ;,

! ﬂ1=3Il temperature, curve. |t takes into account the outer limit of the

RN

'geservomté Iperature reading.
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Headspace & Isotope (Reservoir zone)

b ﬁ,; ; .
The section” Elower than 180@@"‘MD (~17900" TVDSS) has a strong bicgenic signature with
some rare amou ntf"' her! rr}qgenlc hydrocarbon. However, it is mainly biogenic gas. The sand

at 17800" MD (177 S) is a good example: it is mainly biogenic methane, but has a
small amount of ethang; gr propane coming from the thermogenic charge. This charge was
lateral in nature. R
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Filuid properties

1 2300

- similar moiecular composition based on WOGGC's 48086} irid
- no biodegradation ' 19952
- minimal to no SOBM contamination
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Figure 36: Chromatograms for the t

Three fluid samples where takets
sand {upper sand.l
i)

level from th”wdnl]mg mud.

By locking at thes !gadspa , nd isotube concentrations as well as the isotope signatures, we
can also conclude thattheiMseD, M56E, and MS6F sands are oif and have similar compositior.
The M56F sand (18250:MD) is oil but has a higher content of biogenic gas than the M56D and
M5BE sands.

MDT fluid samples were taken at three depths. These are the volumes that were obtained
during sampling.

Sample Depth | 2 ¥ gallons | MPSR SPMC
18086' MD 1 4 2
18124' MD 1 4 2
18142 MD 1 6 ¢
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The three samples were tested offshore for quality assurance. The results from a single flash
are summarized below.

Gas-Liguid - Reservoir
SS;';E:}? Contamination Ratio Lﬁ;;d Ggi?ty Pressure Temnggature
(sci/sth) {psi}
18086' MD 1.2 wt% 3017 34.9 (.7823 11841.04 241.9
18124' MD <1.0wt % 2903 34.7 0.8050 11850.41 2423
18142' MD <1.0wt% 2840 35.0 0.7837 11855.83 242.6

After samples were brought back to shore, the MPSRs were restored for 5 days to reservoir
pressure and temperature, :

mole % STL

A- é«%if «%"%&m i

componen!

Figure 37: Flash liquidcomposition comparison.

Pencor conducted the initial test of the fluid at 18142 MD. The saturation pressure was
determined to be 6504 psi. The liquid volume percent increased below the saturation pressure
which makes it a dewpoint system instead of a bubblepoint system. From LFA records during
MDT sampling it was determined this was an oil system. Therefore we had an MPSR sample
sent to a separate lab, Schiumberger Qilphase, to confirm or deny the system and saluration
pressure. Qilphase had a saturation pressure of 6348 psi and saw liquid volume decrease
below the saturalion pressure making it a bubblepoint system. A third lab, Westport, was
selected to confirm the bubblepoint system. Their analysis determined it is a bubblepoint
system and the saturation pressure is 6438 psi. Below is a summary of the analyses conducted
by the labs for sample at 18142 MD thus far on May 24, 2010.
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Lab Pencor | OilPhase | Westport | Comments

Psat (psia) 6504 5348 6438 18142' MD sample
Cil Density {gm/cc) @ Res | 0.587 0.590 18142 MD sample
Cond

Co (107/psi) @ Res Cond 12.2 18142' MD sample
Oil Viscosity @ Res Cond 0.168 18142 MD sample
FVF (rb/sth) 2.564 18142' MD sample
WAT (°F) 39 &[. Dead Ol

TN
LR ST
e
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