Technical Memorandum

Post-Wali Subsurface Description of Macondo wel) {MC 252)

TO: Kate Baker, Cindy Yellding, Jay Thorseth, Peter Carraghar

WRITTEN BY: Marty Albertin, Chuck Bondurant, Kelly McAughan, Binh van Nguyon
Bryan Ritchie, Cralg Scherschel, Gatina skrlpntkova f

DATE: 25th May 2010

Introduction

This technical memorandum outlines the post-well subsurfice
In Mississlppi Canyen Blogk 262 {((OC8-G-32306) in thg rth-centra

ion of the*Maconda well
of Mexico.

Prospect Name

BP well name

Surface Location Elogk No.

0CS-G Well number

Spud date on Marianas

27 Nevambar 2000

10™ February 2010

Exploration

o 18,360' md / 18,349' fvd / -18,274’ twdss

04/08/2009

4,992 fost

75 feet RKB

18,065 md /18,054' tvd { -17,965' tvdss

Net Reservoir Th o 90 ft
Reservoir Tamperatiure. 236" F
Reservoir Pressure 11,850 psi
GOR 3,000 scifbbl
APl 36
: 375
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Macondo spud
‘ Octaber 8, 2000

Marianas pulled off location
November 27, 2009
After running the 18" casing and cementing the same, the Marlanas BOP falled a scheduled
test, Atlhe time of the failed test, the 18” casing had been run and cemanted. No tpen 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 Iate season hurrisane Jda formed in -the
gulf. The well location was in the projected path of the hurficane, The Marianas was
evacuated. Upon returning fo the rig after the storm, inspections had revealed extensive
damage to wire/cables along the underside of the rig. These wires/cables were damaged ss
the resuft of waves/swells impacting the underside of the hull. This,caused the sheathing of
many of the wires/cables to be worn to the point that bare wirds webéskputed, After assessing
the situation It wae deemed that-the damage was too ) .repairs on location,
The rig was de-moored and towed 1o & shipyard In Missis | fo peffortnithe requisite repalrs,
At ng repairs, the rig

While belng repaired in the shipyard, the rig contract expite:
was released.

Well status af time the Marianas was pulled off focation
The 18" casing was run and cemented. A 200' ceme _plug was se the 28" casing shoe.
It was docided that the Deepwater Horizon would fiflsh dfilling the Matorido well after finishing
appraisal drilling operations at the Koglak disc ' . o

On location with the Despwater Horizon

January 81, 2010

After performing scheduled drawwork;

BOP on the wellhead, the Macondo &

the cement plug set by-the Mang;n a3 diflled-ol
. Deepwater Horizon began making?

H BOP maiﬁf&h&nce ' ;fﬂ'nning the riser, and testing the.
Was re-a d -on féb*ruary 10, 2010. Upon re-entry,
Aftary

leezing the 18" caning shoe, the

nierad-ar '
V56 target was
v,

! gHite of wirelina eveluation was performed, Following wireline
operations, prodigtin. casiigWas run and cemented. At the time of the invident, the riser wag
baing displaced to seawatelr in preparation to uniateh from the wellhead and pull the Hser/BQP
stack. S
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‘ Geologleal deseription

The primary target for the Macondo well was an ‘amalgamated low relief channel-leves system
of Middle Mipcene .age (M58 ~13Ma) (Figure 1). The channel system trahds in a north-wast to
south-east ditection over an elongated Mesozoic 4-way ridge that strikes north-east to south-
west. The frapping elements are a combination of dip and stratigraphi¢. The expected facies
are low rellef channel-laves deposits with vertical and lateral connectivity.
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Figure 1: Pre-dri stratigtgiphy end drilling plan for MG0252_7 well.

“Ihe Macondo well discovered »00 feet of hydrooarbons In the M57 and M56 sande, tha majority
voeurting in the M56D (22") and MSBE (64.5) sands (Figure 2). The depth structure and
-amplifude maps for the M58 and M57 intervals are shown in Figures 3 and 4,
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Figure 2: Sand identification e

' MC0282_1BP1 wel,

that were cut by the
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Mﬁé De.p‘rh and Brme/OII Dzsfmbu*tnon Maps

‘ Rigel fiald

Approximately 1
. levee comple

e, mnally toward the southwest. “The bottom-hole location is In
*This wall Is. completed in a single zone aroynd 11,000" (TVD).
16 well has produced 72.8bcf diy gas. 1t is exported via the Rigel

Mlsslsmppl Ga ¥
A$ of the micidie ¢

Selsmic evidence shows that the Jateral extent of the dosest of these channel-laves systems
{M110) does not reach the Macondo well (Figure 8).
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M7 bep‘rh and Brine/Oil Bigtribution Maps

Rige) Wells Maconde
Mcom SS‘II-JP MGO252, 1317,_CHE

Figuro &: section showing Rigel wefls and Magondo,
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M110 Depth and Brine/Oil Distribution Maps
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‘ Figure 6 M110 Depth Structure Mg
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Shailow Hazards

BP completed an archaeclogical and seafioor geohazards survey across Mississippl Canyon
Block 262 and vicinity in January 2000 to meet MMS requirements for archaeblogically
significant blocks. No significant man-made or natural hazards were identified near the
proposed MC 252-1 weil or within the proposed anchor radius for the Martanas-drilling rig.

The shallow hazards discussion is limited to the top-hole or riserless saction (l.e. between
seaflocr and the base of the 22-inch casing section). Figure 7 shows the top-hole formation
foracast (THFF) for shallow geohazards that was derivad from 3D seismic data. Figure B
shows the shallow hazards top-hole observations log that was generated after driling the
top-hole section, The post-well comparison between actual driling conditions and pre~diill
prediction is provided below. _

Shallow Gas

The zone from the seafloor to 8,001 ft MD (base of 224
have a Negiigible potential of shallow gas. No shallow
tiserless saction.

Shallow Wafer Flow :

A Low risk for SWF was assessed for twa intervals
7614 MD), Thete was one unit predicted with 4 fisk of encbihtering SWF in the
pro-drill THFF between 6,013 ft and 7,025 1t MB:" AlthoudSsHiidibrone intervals are hoted fromm
the gamma log between 8,660 ft to 6,800 ft id 6,950t 7 1o SWF -was noted while
drilling the riserless section. .

£ S !

of the wellliead. 6Bt 50 hra after reaching the fotal
on while trippliigiin hole with the 22-inch casing. It is

depth (TD) .of the 22-inch casing™s
t me from possible sands noted above. The flow was

assumed that the slightfl
stopped by aircuilating

fi Hitlal for gas hydrates w redicted as Negligibfe-Low for the entire dserless section.
© visual evidence or lpg data that indicated possible gas hydrates while drilling the
riserless secHan. G

Gumbo

The potential for g shile, a plastic clay return response to water based mud, was not
addressed in the pn HFF, This was not a concern because the plan was to drill the hole
section with seawater. Gumbo was observed towards the end of drilling the 22-Inch casing hole
section. The gumbe coincided with cireulating pad mud in place in preparation of running
.casing.

Version 1 BP Confidential &
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WEL.L LOGCATION: Rgnmtzé!z MC 262 Locutlon
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Figure 8 Shallow: Hazards Top-hole Observations Log for the MC-252 #1 Log
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Seafloor and the Basg of the 22-inch Casing Hole Saction (procuced by Kate Paine, Octoter

2009),
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‘ Pore Pressure and Fracture Gradient

based an; symhesls of LWD and WIrelme pressuwe mdicators (pressure transforms based on
resislivity, sonic and checkshot, and density); drilling parametars and data (RxC, background
and connection gases), direet drilling indicators (kicks, losses), and GeoTap and MDT pressure
measurements (Figure 9). Pore prassure Is higher than tha predrill most likely curve, from -
o0D0' tp 17750' TVDKB. The pre-drill prassure prediction was too low in this interval due to
siower than predicted interval velocities, and the apparent need for higher pressure tranaform
model more similar to that .used in the analysis of the high pressurs, narrow margin offséf well
*yurnn, MC3B2-1. REseivolr_pressures are MUch lowar man prediced, Fre-drll gantroid
mutEling of channel sands draped over the large 4-way Mapondp etflicture placed reservolr
pressures 0.1-0.3 ppg higher than shale pressurs. Actual reser\g[r ressures mply regioral
hydraulic connecthnty to degper water, lower overburden/ppie

south (sinillar reservoir pressure to lsaballa), or Joeal connBetiv ¢ neath the salt bodies
solthwest and east of the prospect. Though wireline de: is limited Yo.the reservoir section,
calbrated scoustic to density transforms of the MacoRigoisoni® and ¢F ot imply that
overburden is lower than predicted. Lower densities used i _ ed postivel] oyerburden

are consistent with the higher than predicted pora prassy rapect. The
narrower than predicted PPFG window above the reservoir Tover shallower‘fhan an planned
088, and use of con ngency fnefms— I L

. Version I BY Confideniial 1%
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‘ Macondo MC 252-14\ Pressure Forecast. REV3, 5!17/10
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Figure 9: Post-well PPFG interpretation.
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R105: MSCT-GR-LEHQT (rotary side wall cores) was not fully successful; repeated as.
‘ R1D7 after R1D6 '
R1E86: Quad VSI-GR-LEHQT

Basle observation on logs and barohole condition:

* The hole has a diameter of 8.5" from TD of 1827(” to 18,090'md and 9.875" from 18,090" md
to the 8,875" casing due fo the use of a hole opener assembly.

» This hols -seetion was drilled with barite as a mud weighting material (~20 % of high gravity
welght sollds). This causes the density correction curve (DRHO) to read negative and also
sigrificantly affects the quality of the PEF curve.

* Run R1D1 was run ~7 days after the formation was drilled and 20 hours after the last
ciroulation stopped. During that time the open hole was 8XpesE _different kinds LCM
materials to treat losses, below the 9.875” shoa and olose it TH ™ géfiper Indicates some
wash outs in shales but mainly gauge hole in sandstone,

Core

There were 44 rotary side wall core samples recovered from 8WSET runs. Samri_le_.t_ ;p'r’éparation
and analyses were done at Weatherford's Laboratories. KR

fable for petfophysical analysis. After
mechanicdFpoperties and pore
Care Analysis (RCA). The
mpleted fo date and are
dlysed. RCA was performed
ras caleulated from post well

Only around 2/3rds of the samples were in a condj
sufficient cleaning and drying, 6 samples were;dBdicatd
compresgibility studies, 19 samples were selicted for.foi :
analyses from 17 samples from MS6D andMIS6E niVe bes
referencad in this document whilst 2 more saiple are&til bein
at 500 psi and at Net Confining Stress FOf 2

sand fracture evaluation, over burders

. spproimately 2% of e MaGD h of rock, the.eare plus represent
et Y 2% o tho MEED uR E in terms of amount of interval
covered. ., G

Currently Sgwal Core analii" .ct-ﬁcé{rlﬁrgpames and Capillary pressure measurements)

16 out'%’f fhe 17 samples were .fié'scr]bed as fine to medium size grain sandstones, one ag

shale. _ v
Laser Gein & nalysis (Ly A) results on 17 samples (6 in M56D and 11 in M5SE) are
Ppresented in Figtrsg 10 ang *F. :

In Figyre 10 Kiinkenbsfdorracted permeability fo air at NCS Is plotted versus the percentage
of different size parficles in the sample, There is a clear relationship belween sand content and
parmeability.

It could be argued that the M58D samples {green) have marginally more siit and less sand grain
sizs particles than MA6GE samples (blue), though with the relatively small data set this may be a
function of the sampling.
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medium and coarse) size sand particles.
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The observations from Figures 10 and 11 leads to the suggestion that the MB6E core plugs

‘ Indicate slightly better sorting than the M56D plugs. This. s reflectsd in thalr respetive
pesitioning 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 typs. '

Macondo Porosity vs Permeabllity

16000.000 .44
-g 1008000 {
5 J|——R38 @ 0.1 Migrons |
2  100.000 338 @ 0.5 Microns
W [ 35 @ 2 Microns
R35 :
g‘ 16.000. 5 @5 Misrons
o e B35 @ 10 Microns |
b e RES @) 20 Wlicrons
§ 1.000 e R38 @) 30 Microna
'E’ ] & MBSD
& o0 o MSgE
8
=
= 0.010
¥ s
0.001 PSS i
0 5 10 15 20 2 30 36 40
' Parcsity at NCS (%)

lot,

ults from 10 samples (4 in M56D and 6 in M56E) are
gical confent of all analysed sandstone samples are in
2%} and lllite 1% clays, 1% K-spar and 3 % Plagioclase,
M56D and MSBE there appears to be no difference in
nd bodies, so any variation In petrophysical properties is [ikely to
maost likely sorfing.

s
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Figure 13: X-Ray Diffraction Anelysis. First 4 samples
samples are from MB6E.

Routine Core Analysis

After the rotary sidewsll core plugs were ciaa B ang; tzecf th amples were subjected to
Routine Corg Apalysis (RCA). The measirermen ’"ﬁ*oroslty gh permeabillty were performed
at 500 psi and at 2000 psi (NCSj meluded stalr steps and repeat
‘ measurements of perosity and perm 3

M56E and its resewoir characieristics are hardly
are clata will ba necassary for rock typmg work
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1 permeabllity to air af NCS is plotted versus Porosity at NCS with

Flgure 14: RCA. 5 ) )
used for Permeabitity caloulation.

lineer regression funcHoit
Frequency histograms of core derived Porosity and Permeability are presented in Figure 15.
Porosity of M56D samples are very close to M56E samples but Permeabllity Is slightly less, it

maybe due 1o sorting, packing and to grain size distribution as mineralogical content of the
sahds s simfar. '
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Porosity was deriy

el

fhie density log from the fallowing equation:

Density porasity (dec) = (Rhog --Rhob) / (Rhog - Rhof)

Where;

Rhog is grain density (g/ce)

Rhob s the density lag (g/ce)
Rhof is the fluid density (g/cc)

ore-measured Klinkenberg permeablility to air at NC8 and
and both sands together.

Grain Density (Rhog) and Fluid Density (Rhof) were determined from core derived data.

Fraguency distributions of core measured Rhog and log Density {Rhob) vs. core Mmeasured
porosity (Phit_ncs) plot are presented in Figure 18.
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Care derived Rhag from the M58D ang MBBE sands are very similar at 2,645 glcc. However the
‘ -eross-plot of Core porosity v Density lag (Rhob) shows the M58D sand plugs to plot off trend
with the M56E plugs. The force fit line through the M56E plugs through the grain density of
2.845 glos gives a very reasonable Fiuld density Rhof of 0.845 gfce, which s consistent with the
reservoir fluid from pressure data and the mud filtrate density, A number of M56D plugs
suggest a higher Rhof of greater than 1 glcc which Is Inconsistent with the reservoir fluids
derived form logs, pressure data and fluid evaluation. Censldering these data points fo bs
anomalous, a RHOF=0:846 gfec Is used for Density porosity evaluation for all sands.
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Figure 16:3CA. Core grain

- distribiiior and Cross piot-of Density log vs. Gore porosiy
at NCS;

ed density porosity core plug porosity, Core piugs were
logs, the originalisamples location on the left side of the Figure 17 with depth

right side.

The depth shift i '_ toh the Density porosity and correct the misplacement of shale

sample at 18121, - ‘
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;ge left plot, depth shiffec plugs on the right.

ol :
porosity. Odgfiyéﬂ Ssldewall corplug depths _
Ein upper labe (M560)) Is 2-8 porosity units kower than core
e (M5BE) they match well.

ble reasons ;hls mismatch is overcorrecting of the density log (RHOB) for
.ud. The, dagree of corraction (DRHO log) is shown by the red shading in

One of the poss
barite additives e
Figure 18, T

On the left side in Flgure 183 DRHGQ (Y axis) is plotted versus the difference befween core
porosity and density dertved porosity (X ax:s) For MB6E sand (in blue) the difference is +/- 1
porosity unit while density correction DRHO is around -0.015 g/co; For M56D sand (in green)
the denslty correction and the porosity difference are higher for most of the samples.

The large DRHO correetions match splkas in the PEF ourve indicating the greatest barite effect
(blue curve in Neutron-Denstty track) in Figure 18b,

,
I
~d

‘ Version T BP Counfidential

HIGHLY CONFIDENTIAL BP-HZN-BLY00140893




Denslly cormecton (PRHO} va, difforance hetween Corg
prorosity anil logg perosity,

Defitity coprostion (BRHO) ve. Miforsivee hatween Gove
porogity and toyg porosity,

Ak vy, FOLLN 13}
i WOS). 15131, N
oty -m.wwn’»ﬁ.tmrr
[ e

g § y g o
M A ...z.».. ¥ ol denag
“BAEE ey - AV
5:—.3.!@ . ; e
g | H
R > ¥ ol
gdun- -0
L4
[ 1. ERREUTET SO SRAINARE N RO aes 4 s
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Dolors Movdenen of RIINALHO
Setarecie: MMSHIRNCE WSS LOWIR

Fromia
TR Sasmton pan.

i Uppor sand-was affonted by 'barite as Lower sang DRHO
should be =«0.015 gier

Figure 18a and Figure 18b; Density )

re replaced by -0.015 and Rhob in

To eliminate the over correction
‘ rosity calculation.

upper sand M56D log was correct dused for densi Y po
prosity (Phit_Upper) matched Core porosity more
tohed much closer to the fluid density of 0.845
in both resetvoirs are very simitar and the mud
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Copoction is appllail to tlie npper sand-daislty log: i w..: o 7‘“‘ " W‘m e

‘ I DREOr 0,045, REOS=RHOB+ DRI 00015

Fluid dengity estimation piot
M56D {upper lobe) igin
green, MSBE {lower kiba) ls. =
nblie @ 1
Above; bsfore dengity Jog f
corraction,
Below. afer density log
corraction
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Vsh=(GR-GR_sand)/(GR_shale-GR_sand)

The sand -and shale lines were adjusted to reflsct the sand percentages from the mudiog and
Quartz volume estimated by of £GS log,

For identifying all possibly parmeabls layers 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.

I
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TOPS, SAND | TOPH_SAND TOPSSAND 1 TOPT 5AND
' AN LA Lo SORMBTION Y . M. GROSS SAND,
0} 17456.07351] 1738107351 | MS7D 2,00000
17458,07347 | 1738307347 '
17689,07027 | 17614,07027 {M57C 8,50000
1769757014 | 1762257014 I
17793.06826 | 17718.06826 | M56A 250000 |
17795.56821 | 17720.56821 '
17964.56328 | 17089.56328 | M56R 5.00000
1797856256 | 17003,56256
18015.06017 | 1794406017 [M5eC 2.00000 |
1802106004 | 17946, 06004 o
1B0S6,05774 | 1798105774 |m5sD 22,00000 |
D} 18078,05618| 1800305618
001 1810908382 16054.05302 |MBeE 69.50000
| 1sten.0484z2| 18105.04842
16206.54683 | 1813154683 | MEGF 6.50000 |
16227.54573 ] 1815254578

. rasented In Figure 21, A net sand cut off of 14 %
These vailies are based on GOM analog Middie Miocene
data to confirm these parameters with permeability

d to Core porosity in M56D and M5GE sands, where rotary
S&d for calibration. In spite of an apparent slight gas signature
MR porosity being lower than Density porosity {usual for gas
Both regesvolr sands showed volatile ofl, therefores no gas correction
| - The density log derivad porosity has bsen demoanstrated to tie
reasonably well to porosity from core plugs.
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porosity histo;

> MBBE net sand was compared to Core porosity and
pood mateh in minimum, maximuin and most likely values,
) not show a good match due to underestimating the porosily
1t orrected dansity is used for ths calculation (Figure 23).
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Figure 23: Density Poroslty fwith uncorrecteed density Input}-distribution In M5613 sand vs. Core
porosity,

If the corrected density is used In the M56D sand for poresity calculation the comparison with
core data is closer (Figure 24).
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Three further sande have been identified in t
NeutrowDens:ty Iogs namely M57B, MESA

nples wate taken in the
NI56F and is currently under

The parameter,s_, al, m= =18 i 1. 88 from the lsabella analog well were used 1o calculate

8w using the Arcti

The Sw evaluation WREHE re-visited after Electrical properiies and Meroury Injection Capillary
Pressure measurements are finished. Swis a subjsct to some uncertainty currently.

Frequency histagrams of Sw are presented in Figure 25. The Sw cut off for pay is estimated af
50 %. The cut off value will be revisited after SCAL results are available
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Permeabitfty

Lop 3 1Al the MSBE net sand was compared to Core permeabliity and
presented in Figure 26¢i'shows reasonable match in geometric and arithmetic mean valyes. A
simflar histogram for M56D did not show good match because the Permeability was calculated
using Density porosity derived with uncorrected density (Figure 27),
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Flgure 28: Log derived Permeability distribution in M56E s&m
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ﬂgura 28: Log denved Pormeability dfstributfon in Mbﬁ‘D sand vs. Core Penneabtlfty Closer to
Cora-Perm distribufion when Density porasity derived with corrected density fog input.

chimn 1 BFP Confidential 29

HIGHLY CONFIDENTIAL BP-HZN-BLY00140901




‘ Fluid Typing

Based on MDT pre-test pressure data analysis and fluid sampling analysis, the M56D and
MB56E reservoirs comprise volatile ol with GORs of around 3000 with an API gravity of 35. A
more complete set of data and analysis will be presentad In Fiuid Properties section. -

The M5GF sand underiy‘mg’ the main pay zone was not sampled by the MDT too! but based on
It's location below M56D and MSBE and below the thermogenic front 1t is likely to bs oil.

The fluid analysis of the M57D and M56A sands is uncertain
sonic log sjgnature similar to M58D -and M56E, which are oi
calculated in the.sand matched density porosity, which also
porosity ie usually higher than density poresity in gas sé]
bouniary of thermogenic front ~ right abgva i, it could be

(Figure 28). Sand M56A has a
ds. Sonic porosity
@ oil sand as Sopic
i§ position .on the

The M57B .sand Is approximatsly 2 feat thick and likely to | o
fluid determination, but based on its pesition above the the

riaccurate
e gas,

bfront it is HKaE

| Likely .below
sonie
{ resolution, ~ M578
unceriain Gas
above
thermogenic
‘ front
554
. i orgnas
on the boundary

of thermogenic
frant

Similar spple
1eSpONSEH

Figure 29: Fluid typing of sands M578 and ME56A.

The MB7C Sand was pressure tested by the LWD real time Geptap pressure tool at 17606’ MD
with an equivalent mud weight pressure of 14,19 ppy. This preest falled to repsat on re-
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HIGHLY CONFIDENTIAL

logging with the MDT due to repeated seal fallure. The OBMI image suggests that the sand Is
very thinly interbedded (Figure 30) and the thin sand stringers are below density log resolution
s0 the svalyation of poresity, Sw.and fluld type is compromised,

3 e .
g i e AR R PHDOESSEN TSN — -§ N \;&&\‘i\x\‘\\& mgs{. "’Mﬁ%é/ n
g BNV ey o B2 b -
'\ +: CAHECKSHDT 41.2 UATUF Ty o e ,ﬁ%«;{g‘,},x . ?ﬁi
= — RT3 I
2 "\':" ! ¢ 7 70 v
‘n.'.{\p iy Fuoes-{ - - %,5;, 7
v *vﬁ\_;m c‘\.; . %’/4/
_ru ‘- ) ol ) I e » ' ;," 7 £ -
MEL b "'%S“‘:n i N . e 45
h r—""? et . ":5: T et e ) R et ; //
é St e ’ %
L, .
‘S‘m‘}: »..__-...,,MH 70 // Z / "9///:49/;?
ey .- /%
e ' ;
& . ._,f [ 77 : ‘/:f

Flgure 30: Logs over sand M67C.
‘Bands M56B and M5GC are thin water bearing sg)

‘Reservoir and fiuid quality

K Type 2 by improved sorting. The rock Types are aiso

an ‘average pore throat radius of 10 microns dividing tha
comprises both Rock fype 1 and 2. Rock type 1 maybe
Hiogenaous sand package, Rack Type 2 in the MG5SD unit may be
asgociated wi In bedded pay as evidenced by Increased anlsotropy from the
tensor resistivity and the TR bin porosity digtribution, There is a better mateh
betwesn core parosity and permeabllity inthe Rock Type 1 of the M56E sand then the more
heterogeneous sandg of M56D and therefore less uncertainty on reserveir parameters, Thin
section data will be integrated with the rest of the data when available 1o strengthen these
assumptions,

Rock types;
associated wit

o Mobllities from MDT pre tests confirm the twe sands have high permeability in the 100’s of
milidarcy range.

e Figura 31 shows the permeability estimation from different data.
Red symbols — permeability measured on core (to air),
Brown line — permeablitty calculatad from Density porosity using core derived equation {see
underestimation of Permeability in M58D).
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Red line was used for averages instead — permeakbillity with corrected Density porosity input.
Blue symbols ~ drawdown mobilities from MDT pretests,

Green symbols ~ draw down mobillty from MDT samples.

Drawdown mobiliity is rough estimate of permpability to ofl,

Prefests mobility do not look valld to use, MDT samples mobility multiplied by 0.17 op
viscosity can be compared to Permeabllity to air measured on core and calculated with logs
- magenta stars,

» There is a good match of log derlved porosity K_CORE and CMR derived KTIM {purpie
curve).

» There was seme initial difficulty in acquiring MDT Pressure dgta in the two sands, Three
fluid samples were eventually taken — 1 in M86D and 2 In MBBE, All:3 samples identified
same flufd - volalile oil with GOR ~3000 and API=35, PMT andf
cp. After the sampling, the pressure tests program wag 78§
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Flgurs 31: Logs data demonstrating M&6D and MS6E analysis.
» Pressure gradients are presentsd in Figure 32. Sample -and MDT points show very slight
different gradients between the lwo sands (0,249 psifff and 0.251 psift for M56E angd MS6D
respactively) but they were taken with different probes that may explain the difference,

= Water saturation uncertainty will be decressed as capilary pressure and elocirical
proparties measurements are available.
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Figure 32: Presgraf pressurs plol.

‘ Net/Pay summary

Summary tabl ojite ¢33, For MBBD carrected Density porosity, Sw and
Permeability g d fo

Figure 33: Macendo nat/pay sunmmary tebie.
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I Petroleum Bystems and F’nyld Properties

Temperatures (pre- versus post-drifl)

fre—— v rmA s emimmmmmny ee mmae 4 e e e beea—nn o

MacondoTomperatures

Temjrotatures (oF)
150 160 179 160 160 200 210 22 200 240 280 260 270 o e 30
16000 2 e cronte ’ ’

16500 .
18000
. 16580 1
+ 8 17800
B 7800 i
P & ra000 {
18500
19000
19,5004

tween 219 and 248 °F, with a most likely
from:he MDT tool gave a broad range
temperature range was similar to

The reservoir temperatures were predidied to be |
case at 235 °F. The post well temp#
between 230 and 242 °F (Figures
‘ the pre-dirill temperature predictio

ell temperature curve,
8 pre-drill temperature
“0lithe subsurface work. ;

R

lightly above the mast-likely pre-drill curve (~7 °F) but 1s
iction. The 7 °F temperature difference should not impact
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‘ Headspace & Isotope (Reservoirzone).

fosToiN Y gy Eastons, -

8S) (Figure 35). Indeed, the pro-ethane, butane and
dryness index severely decreases. MoreQVer
e butane isotopes become present.

‘ Using the headspaog g Indlces :
- 1&9@@‘? N 700 T

D/ 18150' TVDSS) has more a biogenic signature. It s
frant does not pass exaclly by the welibore, giving the

at the vertical the} gles! ] ‘
s cortainly a vertival thermogenic front,

@l charge. Howevel

some rare amo
at 17800' MD (17
small amount of ethah
lateral in nature, ’

BEE) is a good example it Is mamly bmgenlc methane, but has a
#ind propane coming from the thermegenic ¢harge, This charge wae
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I Fluld properties

- similar molecular compositien based on Woac's ﬂﬁ?ﬁﬁ;
» no hiodegradation i Bpa3o9s2
- minimal to no SOBM contamination s eioee

,.J]J LMLJHIH“..J,...

Sam nle 10003443300

JM_HM%LJJ 1“ J..LJ J l'] SRV

Three fluid samples where iaken

lavel of the resarvoir zone: ohg sample in the MSGD
sand (upper sand.|

7998’ TVDSS) and 2 samples in tha MB6E sand

3 fluid samples and were analysed for whole
-ams are ‘shown in the Figure 36,

ms, we can conclyde that the 3 oil samples have a very
there is no biodegradation and a minimal contamination

hd isotube concentrations as well :as the isotope signatures, we
580, MSGE, and MS6F sands are oil and have similar comf:ositlon
D) is ml but has a higher content of biogenlc gas than the M58D and

By looking at the’wi;fe
<an alse conclude
The M56F sand (18260
MS6E sands. ’

MOT fluid samples wate taken at three depths. These are the volumes that wers obtained
during sampling.

Sample Depth |2 % gallons | MPSR | SPMC
18086’ MD 1 4 2
18124' MD 1 4 2
18142 MD 1 6 0
Version 1 BF Confidential 36
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‘ The thres samples wers tested offshore for quallty assurance. The results from a single flash
are summarized below.

_ | Gas-Liquid | . .. . Regervoit

Sample | o oiamination | Ratio | auid | Gas | ol e | Temperatare

Depth o (scffsfb) AP} Gravity (o)) [}
18086’ MD 1.2wt% 3017 34.9 0.7823 | 11841.04 24%.9
18124 MD | <1.0wt% 2009 1 347 0.8050 | 1185041 242.3
18142 MD | <1.0Wt % 2840 35.0 0.7837 | 11865.83 2426

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

From flagh liquid composition all three zones are the same ( {”éuré 3

10

A S A G o QTG e AU Y S A

component

BT

Figura 37: Flash fiquid ¢émposition comparison.

Pencor sonducted the inifial test of the fluid at 18142' MD. The saturation pressure was
determined te be 6604 psi. The liquid volume percent tncreased below the saturation pressure
which makes it & dewpoint system instead .of a bubblepoint system. From 1.FA records during
MDT sampling it was determined this was an oil system. Therefore we had an MPSR sample
gsent to a separate lab, Schiuiberger Oilphase, to confirm of deny the system and saturation
pressure, Oilphase had a saturation pressure of 6348 psl and saw liquid volume decrease
below the saturation pressure making it a bubblepoint system. A third lab, Westport, was
selected to confirm the bubblepoint system. Thelr 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 | QlPhase | Westport | Comments
Psat {psfa) - B504 6348 8438 18142’ MD sample
g_ll Denslty (gmicc) @ Res | 0.587 || 0,590 ' 18142' MD sample
ond

Co {1 077psl) @ Res Cond 122 18142’ MD sample
Oil Viscosity @ Res Cond 0.168 18142’ MD sample
FVF {thisth) = 2564 18142' MDD sample
WAT (°F) 89
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