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Kate

Please find attached the Technical Memorandum that you requested regarding the Post-well Subsurface
Description of the Macondo well. The file has also been uploaded to the Macondo Tactical Response Sharepoint
(http : //gomdnc. bpweb.bo. com/mtr) u nder Sh ared Docu ments > Su bS u rface.

Thank you to the Macondo Subsurface Team mernbers (cc'ed) who helped put this document together while
supporting the ongoing operations including:
1). Safe and successful execution of Relief Wells
2). Subsurface support for Top Kill
3). Geochemicel support for spill analysis
4). Poteniial geophysical acquisition options
5), Adclitional documentation / requests.

Many thanks
Bryan

Bryan D. Ritchie
Exploration Team l..ader Eastern GoM
WL4 2nd Floor 02674
Office: +l-281366-1567
Mobile: +1€32316.7192
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Technical Memorandum
Post-Well Subsurface Description of Macondo well (MC 252)

Kate Baker, Cindy Yeilding, Jay Thorseth, Peter Carragher

Marty Albertin, Chuck Bondurant, Kolly McAughan, Banh van Nguyen
Bryan Ritchie, Craig Scherschel, Galina Skripnikova

25th May 2010

#np

TITLE:

TO:

WRITTEN BY:

DATE:

Prospect Name Macondo;
Surface Location Block No. Mississipoi Canvon 252
BP well name MC 252_1
OCS-G Well number ocs- G32306_01
Spud date on Marianas :i,.;.,';. oh oqtcberioog
Released Marianas due to Hurricane lda 2lh t'tovember 2009

1Oth February 2010
Cateqorv {Exol/Aporl Exploration
Total Depth (MDTTVD/TVSS) 18,360' md / 18,349'l\td I -18,274'tvdss

EP Approved bv MMS 04tc6,t2009
Water Dedh 4,992 feet
Rotary TableEbvation 75 feet RKB
Top ReservoirDeoth 18,065' md /  18,054'tvd /  -17.965'tvdss

90f t
Reservoir Temperaturc 236" F
Reseruoir Pressure 11,850 ps i

GOR 3,000 scf/bbl
API 35
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Macondo spud
October 6, 2009

Marlanas pulled off locatlon
November 27,2OO9
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 riser/BOP stack was pulled.
While the BOP stack was being repaired on deck, the late season hurricane lda formed in the
gulf. The well location was in the projected path of the hunicane. 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 wires/cables were damaged as
the result of waves/swells impacting the underside of the hull. This ca.g99d the sheathing of
many of the wires/cables to be worn to the point that bare wires *ere exposed. After
assessing the situation it was deemed that the damage was too exteneive to perform repairs
on location. The rig was de-moored and towed to a shipJard in'Mississippi to perform the
requisite repairs. While being repaired in the shipyard, the'rig @ntract expired. After finishing
repairs, the rig was released. 

,..1':,11;'1,,;
Well status attime the Marianas was pulled off location ri:,
The 18" casing was run and cemented. A 200' cement plug was set near the 28" casing shoe.
It was decided that the Deepwater Horizon would finish drilfing the Macondo well after finishing
appraisal drilling operations at the Kodiak discovery.

On tocation with the Deepwater Horizon
January  31 ,2010 l
After performing scheduled drawworks and BOP maintenancq*. running the riser, and testing
the BOP on the wellhead, the Macondo wellwas i+entered on February 10,2010. Upon re-
entry, the cement plug set by the Marianas was drillecl-dul After squeezing the 18' casing
shoe, the Deepwater Horizon began making new hole on February 15, 2010.

I

Date encountered anddeffi of main brget
The primary M.q8 target wis en guntered-snrApnl4,2O1O while drilling at a depth of 18,065'
(MD)i18,0,S4i{Wol. . i:,::.

, . , ,  r , r ,  '  
t l , l . t . l ,

Date and depth of finat TD
The Macondo well reached a final TD of 18,360' (MDy18,349' (TVD) on April 9, 2010.

Post-TD opeqailons
Afler reaching Tp, a full suite of wireline evaluation was performed. Following wireline
operations, production casir,rg was run and cemented. At the time of the incident, the riser was
being displaced to-gqlrvrnater in preparation to unlatch from the wellhead and pull the riserlBOP
StaCk. :i:rl
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Geoloqical description

The primary target for the Macondo wellwas 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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Figure 1: Pre-drftl,,litftOts'tra,tigffiphy and dilling plan for MC0tg2-1 wett.

The Macondo well discovered >90 feet of hydrocarbons in the M57 and M56 sands, the
majority occuning in the M56D (22') and M56E (64.5) sands (Figure 2). The depth structure
and amplitude maps for the M56 and M57 intervals are shown in Figures 3 and 4.
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M56 Depth and Brine/Qil Distribution ftlaps

Figure 3: M56 Depth Structure Map aikd.;Anetitu&,.fr/16p. ..,li'r

Rigelfield 
'rr::ir i::i:: '

Ap-proximately t.,ta,.Q,rniles to the soulh:west of the Macondo well is a series of five channel-
levee complexes. These cfiannel sands range in depths from g100ft TVDSS to 14,000ft
TVDSS. The Rigel field produces biogenicgas.f.rom one of the channel systems (Figure 5).

. . : : : '  . : . ' . : . , i - 1

The Rigrgf field is a shallow (-11.;ffiO') biogenic gas field in south-central Mississippi Canyon
block #25?. lt is approximately M.'??:in age. The original Rigel exploration well was drilled by
Texaco in 1999 to a TD of 13,60SrWD)112,832'(TVD). Subsequently, a production wellwas
drilled in 20O3 by Dominion E&P.'This well reached a TD of 16,200' (MD)l'14,162'(TVD). This
well is drilled from block 252 directionally toward the southwest. The bottom-hole location is in
Mississippi Canyon- block #2S- This well is completed in a single zone around 1 1,000' (TVD).
As of the middle of las! year, the well has produced 72.5bcf dry gas. lt is exported via the
Rigel pipeline. The uqllJeCunently operated by ENl,

Seismic evidence shows that the lateral extent of the closest of these channel-levee systems
(M110) does not reach the Macondo well (Figure 6).
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M57 Depth ond Brine/Oil Distribution Ailaps
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Figure 4: M57 Depth Structure Map and Ampiftide ltli6
.  . : : :  i  i .  . : :

RigelWells
llc0zs_sslEP ti[0252:lsT2-cllE R
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Shallow Hazards

BP completed an archaeological and seafloor geohazards survey across Mississippi Canyon
Block 252 and vicinity in January 2009 to meet MMS requirements for archaeologically
significant blocks. No significant man-made or natural hazards were identified near the
proposed MC 252-1well 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 shallow geohazards that was derived from 3D seismic data. Figure 8
shows the shallow hazards tophole observations log that was generated after drilling the
top-hole section. The post-well comparison between actual drilling conditions and pre-drill
prediction is provided below.

Shallow Gas

riserless section.

ShaltowWater Flow

A Low risk for SWF was assessed for two intervals (O,5ZO ft to 6,7Oi:,itiMO anO 7,025 ft to
7,614ft MD). There was one unit predic{ed with a ModeJpt? fek of encottntering SWF in the
pre-drill THFF between 6,913 ft and 7,025 ft MD. Although $and-prone intervals are noted
from the gamma log between 6,660 ft to 6,900 ft and 6,950 ft to 7i080 ft, no SWF was noted
while drill ing the riserless section. 

,,.:::., 
,

A slight flow was noted across tfp top of the weflheaC aOout 50 hrs after reaching the total
depth (TD) of the 22-inch casing section while tripping in hole with the 22-inch casing. lt is
assumed that the slight flow may have come from possible sands noted above. The flow was
stopped by circulating mud.

, : r  : , : : . : - . .  
:  , :  _-a, i , , .

' t ' ' : : : i " ' l  
: '  : : r ' : '

HVaratee|tli 't:'.-''.- "rill

fne poGntiaf for gas hydrates was predicte d as Neqtiqibte-Low for the entire riserless section.
There was no visual evidence or log Oata that indicated possible gas hydrates while drilling the

:

] :
Gumbo '
The potential for gumbo shale, a plastic clay return response to water based mud, was not
addressed in the pre'drillTHFF. This was not a concem because the plan was to drillthe hole
section with seawater. ''Gumbo was observed towards the end of drilling the 22-inch casing
hole section. The gumbo coincided with circulating pad mud in place in preparation of running
casing.
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Figure 7: Oiginal Top-Hole Formation Forccast at the Proposed MC-252 #1 Location
(produced by Cnig A. Scherschel, A8 June 2009).
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Seafloor and the Base of the 22-inch Casing Hole Section (produced by Kate Paine, October
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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 drilling indicators (kicks, losses), and GeoTap and MDT pressure
measurements (Figure 9). Pore pressure is higher than the predrill most likely curve, from
9000' to 17750' WDKB. 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 Macondo structure placed reservoir
pressures 0.1-0.3 ppg higher than shale pressure. Actual reservoir pre$sures imply regional
hydraulic connectivity to deeper water, lower overburdenlpore pressurerenvironments to the
south (similar reservoir pressure to lsabella), or local conna$iVity updip'beneath the salt bodies
southwest and east of the prospect. Though wireline dedsity is lirnitbd to"lhe.reservoir section,
calibrated acoustic to density transforms of the Macondii,Eonic and cheskshot imply that
overburden is lower than predicted. Lower densities uE€O in the calitriated: postwell
overburden are consistent with the higher than predicted pore.pressure observed at the
prospect. The nanower than predicted PPFG window aboVe:the- reservoir level led to
shallower than planned shoes, and use of contingency liners.

, ' ,

, ' - l ] : r " "1
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Macondo MC_252-1A Pressurc Forccast REV3, 5117110
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Petrophvsics

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 occuning in the M56D (22') and
M56E (64.5') sands. Porosity averages 22o/o, Sw averages 10 - 17o/o and permeability
aveeges in the range of 250 - 500 mD (arithmetic, log derived).

Fluid sample quality is high - volatile oilwith GOR -3000 and API=35, PVT analysis showed
viscosity of 0.17 cp.

No hydrocarbon-water contacts were penetrated and no signifigant aquifer sandstone was
observed' :;:r;;: ' l '" ' '" '

Log derived porosity and permeability were calibrated to ii6ta fromrrotary *ffe,wall core sample
analysis. ,

M56D is probably slightly different rock type and more n*,"*g"n"ous than M56i, this is
supported by core and log data. #,,,,,

The successful calibration of log data to core plug {da,in th,e M56E san*gives a reasonably
high degree of certainty around the petrophysicat parametefs despite the relative lack of core
data. A greater degree of uncertainty exists in the more hete!'ggeneous M56D sand. Further
uncertainty exists in the thin minor hydrocarbon bearinS intervdls irlM56 and M57. They were
not covered by core data and are difficult to resolve wkh standad'logging tools as they are
less than 2.5 feet in thickness. The lq $,M56F sancl was no! fully covered by logs.

Electrical properties, capillary preegu# Oata and *iOr,*a#nalysis will be incorporated into
the interpretation when available. i, ii;,. 

;:::rir:r;ir::r'

'
Data base

All LWD, Wreline, Mud loggingr Pressuie,,ltrd Core data was loaded into Geolog where
formation evaluation was completd.

LWD
.:::

; , , ,

Halliburton ivds;:thp Logging Unrite Oritting (LWD) vendor. GR, Resistivity, Sonic and PWD
tools were in theiBtjA while.dritl*rg plus Geotap formation pressure in target section.

...i:.,r,,,:.. ::,:,:,lj,
ln the wireline sectiitn,,LWD was depth shifted to TCOMBO Gamma Ray. ln cased hole
section, where wirelind,$onic 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.

Wlrellne

The following Schlumberger open hole wireline logs were run in 6 descents in open hole
section from 17,150'-18,270' MD. They include the following tools:

R 1 Dl : ZAIT-GPIT-LDS-CNL-GR-LEHQT
R1 D2: CMR-ECSHNGS-LEHQT
Rl D3: Dual OBMl-GPIT-DSI-GR-LEHOT
RlDzt: MDT-GR-LEHQT (pressure and samples)
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Only around 2/3rcls of the samples were in a condition suibhte for petrophysical analysis. After
sufficient cleaning and drying, 6 samples were dedicated for mechanical properties and pore
compressibility studies. 19 samples were selected for Routine Core Analysis (RCA). The
analyses from 17 samples from M56D and M56E have be€n SrnpleteO to date and are
referenced in this document whilst 2 more sample arE sfill being andfysed. RCA was performed
at 500 psi and at Net Confining Stres.q,,{NCS) of 20S psi. NCS was calculated from post well
sand fracture evaluation, over burden estimation and pore pressure.

Rl D5: MSCT-GR-LEHQT (rotary side wall cores) was not fully successful; repeated as
R1D7 after Rl DO
R1 D6: Quad VSI-GR-LEHQT

Basic obseruation on |ogs and borehole condition:

. The hole has a diameter of 8.5" from TD of 1827Q'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 o/o 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 drilled and 20 hours after the last
circulation stopped. During that time the open hole was exposed to different kinds LCM
materials to treat losses, below the 9.875' shoe and closeilp,TD:fie caliper indicates some
wash outs in shales but mainly gauge hole in sandstone-i:r; ','' r ., r;r,:;.

There were 44 rotary side wall core samples recovered from 3 MSCT runs. Sample preparation
and analyses were done at Weatherford's Laboratories.

Currently Special Core-anatyifi*lectricai:Ciaperties and Capillary pressure measurements)
are been run on a set of samples

" , ir,. .r,. , ,,.t,tal

16 out':Of:tfie 17 samples were described as fine to medium size grain sandstones, one as
Shalg. 

' :  . :  , . . . :  I  ,r , i '

Laser Gain Size Analysis ILSSA) results on 17 samples (6 in M56D and 11 in M56E) are
presented in Figures 10 and 11.

, . , i : r i l  l ; : i . : ,
In Figure '10 Klinkenbetti''conected permeability to air at NCS is plotted versus the percentage
of different size particles 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 silt and less sand
grain size particles than M56E samples (blue), though with the relatively small data set this
may be a function of the sampling.
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Figurc 10: Laser Gnin Size Analysis, Permeabitity vs percenlage of differcnt (sand, sitt, ctay)
size particles.

In Figure 11 Klinkenberg permeabif#air at NCS is plotted u"ow percentage of different
size sand particles. The data shows a clear relati6nship beh,veen grain size and permeability.
In general M56D (green) has a subtly wider range of.grain size suggesting slightly poor sorting,
while the M56E (blue) is more homogqneous.
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Figurc 11: Laser Gnin Size Analysis, Permeability vs. percentage of differcnt (very fine, fine,
medium and coarse) size sad particles.
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The observations from Figures 10 and 11 leads to the suggestion thatthe M56E core plugs
indicate slightly better sorting than the M56D plugs. This is reflected in their respective
positioning in l(PHl pace as indicated in Figure 12. Further the Wnland 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 gpe.

Macondo Porosity vs Perncability
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,trn,,,,r-.*nland R35 rock typing plof.';,. ' i

X-Ray diffraction (XRD) analysls'iesuns from 10 samples (4 in M56D and 6 in M56E) are
presented in Figure 13. Mineralogical content of all analysed sandstone samples are in
average 93% Quartz with Kaolinite (-2o/o) and lllite 170 clays, '1% K-spar and 3 o/o Plagioclase.
Based on the 10 samples from M56D and M56E there appears to be no difference in
mineralogy between the two sand bodies, so any variation in petrophysical properties is likely
to be a function oigiCinff,iand most likely sorting.
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First 4 samples (from 3-4R to Z4R) are for M56D, 6 next
. '

After the rotary sidewall core plugs were cleaned and dried, the 17 samples were subjected to
Routine Core Analysis (RCA). The measurements of poiosity and permeability were
performed at 500 psi and at 2000 pqf{HCS)- The analysis also included stair steps and repeai

Figurc 13: X-Ray Diffnction Analysis.
samples are from M56E.

Routine Core Analysis

measurements of porosity and permeability.
' i : i ; : ;1;  

. ;  r , r

Klinkenberg permeabjlrty to air at NG€.is plotted versui Porosity at NCS in Figure 14. M56D
sand may be mere heterogeneous than M56E and its reservoir characteristics are hardly
described by the available samples. More aore data will be necessary for rock typing work.
From the Lasilr grain analysis -. sorting may bb,:.b function in this effect more than grain size.

::::',
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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 to sorting, packing and to grain size distribution as mineralogical content of the
sands is similar.
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Geometic mean:236 mP
Arlthmetic mean.363 mP Pomsity ran ge: 20%-22%-23%

Geomettic mean: 453 SP
Arithmetic mean. 493 ggB Pomsity ran ge: 21 %-2?%-23%
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Geometric mean:355 SF
Arithmetic mean: 444 gXQ PorosiV range: 21 %-22%-23%
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Figure 15: Frequency distribution ol Core measured Kinkenberg pemeabil$ to air at NCS and
Porosity at NCS separafe/ypersands and both sands together.

Log to Core calibration

Porosity was derived ftEfqi|g density log from the following equation:
:

Density porosity (dec) =:(Rhog - Rhob) / (Rhog - RhoD

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 Fluid Density (Rhofl were determined from core derived data.

Frequency distributions of core measured Rhog and log Density (Rhob) vs. core measured
porosity (Phit-ncs) plot are presented in Figure 16.
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Core derived Rhog from the M56D and M56E sands are very similar a|2.645 g/cc. However
the cross-plot of Core porosity v Density log (Rhob) shows the M56D sand plugs to plot off
trend with the M56E plugs. The force fit line through trre M56E plugs through the grain density
of 2.645 g/cc gives a very reasonable Fluid density Rhof of 0.845 g/cc, which is 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 g/cc which is inconsistent with the reservoir fluids
derived form logs, pressure data and fluid evaluation. Considering these data points to be
anomalous, a RHOF=0.845 g/cc is used for Density porosity evaluation for all sands.

af NCS.
l

. : :  l '  :  ' -
' r : 1 . : : i : ' l ' i i  

: . . ; : ' l

Figure 17 is an overlay of calcqlabd density porosity core plug porosity. Core plugs were
slightly shiftedto logs, the origirualsamples location on the left side of the Figure 17 with depth
shifted plugs on the right side.

The depth shift is,tb:;he,tler,.tnatch the Density porosity and conect the misplacement of shale
sample at18,121',. i: ' ir j i : r '1 '
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Figurc 17: Catibrption iog:q- to 9orc. Cod..pgrosity at /VCS overlays with Density log derived
porosity. Origiial sidewallcore plug depths o-qtrith.e teft plot, depth shifted plugs on the ight.

, ' i 1  j  i : : '  : , : , : '

. , , . 1 l , , r i i t  
' ' , , , . . . : a

Porosity calculated from density ioiiiin upper lobe (M56D) is 2-6 porosity units lower than core
derived poqsity while in the lowerJobe (M56E) they match well.

:lt':,,:,;::;.,,,, ,_liii:ir"

One of tne possitte reasons for this mismatch is overconecting of the density log (RHOB) for
barite additivesto mqd. The degree of correction (DRHO log) is shown bythe red shading in
Figure 18.

On the left side in FigUiiS 18a, DRHO (Y axis) is plotted versus the difference between core
porosity and density derived porosity (X axis). For M56E sand (in blue) the difference is +/- 1
porosity unit while density correction DRHO is around -0.015 g/cc; For M56D sand (in green)
the density conection 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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Domlv conrollon IDRHOI v3. dlf|brgrce between GorE
poroslly ard log poroslv.

Deffiity ctrrsction IDRHOI E. difr'Irca b{affin Cor€
porosity and log poroslly.

f f iEP i l ,d rCtd
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6K_@ E_r._t f!/S
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rd.dr oxL#tt truow

i . , :bd . *d i$F.

lf Uppcr sdrd was iilectld by brltc as Lo{ver sard DFHO
8hould bs --ll,0l5 gcc

Figure 18a and Figure

To eliminate the over correction,:'DRFj'O values.=-O::q!i+'#tr" replaced by -0.015 and Rhob in
upper sand M56D log was corrected and used for density porosity calculation.

'
After the correction wis rnaCl, tne Densi$ p.prosity (Phit-Upper) matched Core porosity more
closely and the extrapolated ftuid density matched much closer to the fluid density of 0.845
g/cc, estimated in M56E. As the reservoir fluids in both reservoirs are very similar and the mud
filtrate is the same this is a reasori&le outcome (Figure 19).
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Figure 19: Orcdaying Density porosity in M56D with core porcsityand cross ptots of corrected
Density log with corc porosity for FluFd densi$ estination.

The need to make thjs. conection to,,lie,the core data suggest a slightly higher uncertainty in
petrophysical parameters in the M56D sard compared to the M56E sand.

There may Ue other factors to take in to consideration such as anisotropy due to thin beds.

r:r:lllr i

Per tits-interuals

Volume of'shile (Vsh) cut-off wgSeO to identify permeable intervals.

Gamma Ray log waq,used fol Vsh estimation. For VSH calculation GR_sand and GR_shale
lines were created and Vsh was derived as:

ys6=16R-G R-sand)/(GR-shale-G R-sand)

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

For identifying all possibly permeable 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.
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Figure 20: Cumulative sand thickness persand unit:|:i'

Petrophysl c a I para meters ca lculfuns
r j_  i , : . : t , r . , : :

Determination ol n* sand cut off

A frequency histogram of Oensity,porosity isiiresented in Figure 21. A net sand cut off of 14
7o porositf and < 0.4 Vsh was r,rsed, These values are based on GOM analog Middle Miocene
wells, Thbre is not enough ggre: data to confirm these parameters with permeability
distributions.

Version l-
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The Densitfi.,pErosity was compgd to Core porosity in M56D and M56E sands, where rotary
sided wall derived porosity was, used for calibration. In spite of an apparent slight gas
signature on Neutnon:Density log and CMR porosity being lower than Density porosity (usual
for gas sands), fluidisamfling of both reservoir sands showed volatile oil, therefore no gas
correction applied tO:the Density log. The density log derived porosity has been demonstrated
to tie reasonably well toiorosity from core plugs.
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Figure 2f: Density porosity nistigAm with 14% cut off.

Density pgtrflty distribution in the M56E net sand was compared to Core porosity and
presented'irt Figure 22. lt shows a good match in minimum, maximum and most likely values.
The same histograms for M56D did not show a good match due to underestimating the
porosity in this safid if fhe q5g@cted density is used for the calculation (Figure 23).
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Figure 22: Density Porosity distibution in M56E sand vs, Core porosity:';;;:

ilrlag@ ta RgfC- Fcr\Pxn-trCs
rt ! lr4De+?-l_tl0l_€P

*tr"ct il5{O
rrt  e

eols trtth4-r4|
6m6

8 $ 3 f € S l
d d d d d d d

8 8 e e 8 * t s $
d d 6 d d d d J 6

mts r#

ffi"d*S rf Elr*
gffF ffi-

o r g
d't,s
o2ffi

Cer.ak HF

fii:H ff ",*ldrc o.ralc
ElGtlo ft Bm
It€F
{trtrt!

fql!$F !'f $niFrrt-o
rQli rH.qt:-l-$I$l*Ff

lrrlrnl tl5d0
fi!.[ |lOClil€-lsQ*rLI4!* 1

{olor: Mt'l\uL-IO

t - - . - - - . i .  I
i fl

Figure 23: Density Porosity (with unconecled density input) distibution in M56D sand ys. Core
porosity.

lf the corrected density is used in the M56D sand for porosity calculation the comparison with
core data is closer (Figure 24).
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Figurc 24: Density Porosity (with conected density tnput) distibution iA M56D sand ys. Core

Three further sands have been identified in the TD hole'section; w.hich have a gas signature
on Neutron-Density logs: namely M57B, M56A bnd M56F. tto coreCamples were taken in the
M57B and M56A sands though oneirs;ample was taken in M56F and is cunently under

Fluid typing of lhe sands is ,ncertain and parametiE,ii*'aifficult to assess accurately due to
the thin nature of -these sands, bdng below confident log resolution. At this point of
interpretation no gas conection applied to the Density porosity in these sands

WaterS-affu on fSw) 
lr' "1

, l  r l , : r '  : I ' : l l ; i :'
N0 thick aquifer sand was observg$,,.fr the interval of evaluation to determine Rwa.

An assumed regional value of Rwof 0.021 Ohmm at a bottom hole Temperature of 243oF from
control data was used for Sw evaluation.
The parameters; a=1, m=1,81 and n=1.88 from the lsabella analog wellwere used to calculate
Sw using the Archire equatbn.

The Sw evaluation will be re-visited after Electrical properties and Mercury Injection Capillary
Pressure measurements are finished. Sw is a subject to some uncertainty cunently.

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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Figure 25: Water satuntion Sw histognm with Sw=50%o cut off.

'lr lrl:'i:r: t '''

Permeabil|igT':" ,r;,.,

Permeq.0ility (to air) was calculated using core derived equation of:

' : " r ' : '  

" ' ' ; : ;  " ' ' t  

' : :

Where PH|T_E'ii*i€lensity poro$ity in v/v

Log derived perme$ility in the M56E net sand was compared to Core permeability and
presented in Figure 26irlt'shows reasonable match in geometric and arithmetic mean values. A
similar 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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r & k .  L _ . .

b* t fu  . !  L l l s

ffiH ,J:s';T hdb--
b.. rf€: 16 ',6r..

re*u !t
5 fr87 t€ qFE
hdr i rF  E .@
@ffis lr?s.

rysndKg-Sft-W 
o

Hr |@_r_trs_*

tur.{sLgqr@-t

:g- L
bqL {h r.! n{ ryo

ffih,H:,;s* L
?a*& r l r *

ra.M
Fgt tc ,t4trrE

Mb|b  { r * . t
@ s r  i l w

in M56D sand vs. Core Permeability. Closer to

h\-rk rfl
t r *n tu  {
wd dr. 5 .1?S
|fud. ?.4.&
tut. /t@,

9( eg'
dd'bi6 Ul'm
|s* b. rs.E t

llu
El1 !s

56r4t-
rN rt tea
s Jt?.Et.
ft l  '1' i@t

Figure 26: Log derived Permeabitity distibution in M56E sand vs. Cori funrcabil$.

itr*afi d rug{-ft*-ltt
da ry&1-trD*t

k t @
ea.' 4.-{r_*r*f-49 r

t *q46

l
, . :1 . , ' ,

n tsFd* t ; -$ l  , : : r l t ,
h fff-!! '{r-P

i l d @  i : . r ' .  : l

Figurc 27;. tlo1 derived Penneabitity aisti.pla-tion in M56D sand vs. Core Permeabitity.
Underestinnted due to Density porosity deived with unconected dens$ log input.

Afler ustrng corrected density for p0rosity evaluation and following it Permeability evaluation,
the matctr to Core is better, see Figure 28.

Core Perm distibution when Density porosity deived with conected density log input.
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Fluid Typing

Based on MDT pre-test pressure data analysis and fluid sampling analysis, the M56D and
M56E reservoirs comprise volatile oil with GORs of around 3000 with an API 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 M56E and below the thermogenic front it is likely to be oil.

The fluid analysis of the M57D and M56A sands is uncertain (Figure 29). Sand M56A has a
sonic log signature similar to M56D and M56E, which are oil bearing sands. Sonic porosig
calculated in the sand matched density porosity, which also an evidence to be oil sand as
Sonic porosity is usually higher than density porosity in gas sand. Based on it is position on the
boundary of thermogenic front - right above it, it could be gas.

The M57B sand is approximately 2 feet thick ancl likely to Oe aetpw log resohJtign for accurate
fluid determination, but based on its position above the thermogenic front it is likely to be gas.

Figure 29: Fluid typing of sands M57B and M56A.

The M57C Sand was pressure tested by the LWD realtime Geotap pressure toolat 17606'MD
with an equivalent mud weight pressure of 14.19 ppg. This pre-test failed to repeat on re-
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togging 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 stringers are below density log resolution
so the evaluation of porosity, Sw and fluid type is compromised.

Figurc 30; Logs over sand M57C. 
, a.:r,:r ,,

Sands M56B and M56C are thin water bearing sands.
' a t . "

Reseruoir and fluid qualtty r:,:,

core data pressure data

.::;.::: '  t]].:: ir: ,, :a..aa:: '

. Soff iigrain size and sand'runtent are the main controls on reservoir quality.

. From Cere data, two rock types have been identified; M56E comprises mainly Rock type 1
and is:d?fferentiated from Rock Type 2 by improved sorting. The rock Types are also
identifiable in l(Phi space wlth an average pore throat radius of 10 microns dividing the
Rock types. The M56D eand comprises both Rock type 1 and 2. Rock type 1 maybe
associated wlth a mor.e lmmogeneous sand package, Rock Type 2 in the M56D unit may
be associated with some thin bedded pay as evidenced by increased anisotropy from the
tensor resistivity data 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.

r 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 symbols - permeability measured on core (to air),
Brown line - permeability calculated from Densig porosity using core derived equation (see
underestimation of Permeability in M56D).
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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 (purple
curve).

. There was some initial ditficulty in acquiring MDT Pressure datg in -the two sands. Three
fluid samples were eventually taken - '1 in M56D and 2 in M56e $ll3 samples identified
same fluid - volatile oilwith GOR -3000 and API=35, FW analysis showed viscosity=O.17
cp. After the sampling, the pressure tests program was resumed.

. i : . , : r  1:

Shaded  -
anisolropy,
higher in
M56D

CMR bin
porcity,
Ore8n - larg8sl
pores filled !illh
free nuid
Red Yellow,
Blue -
derrE6ing
pole slzed

Figure 31: Logs data demonstnting M56D and M56E analysis.

. Pressure gradients are presented in Figure 32. Sample and MDT points show very slight
different gradients between the two sands (0.249 psi/ft and 0.251 psifft for M56E and
M56D respectively) but they were taken with different probes that may explain the
difference.

. Water saturation uncertainty will be decreased as capillary pressure and electrical
properties measurements are available.
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Figure 33: Macondo neUpay summary table.
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Petroleum Svstems and Fluid Properties

Temperatures (pre- versus post-dri il)

macondoTernperaturps

T.mperatur.r loF)
150 160 170 180 190 2@ 210 220 230 240 250 260 270 280 290 300

15500

16000

16500

fl rrooo

i | ,,,.,
$ tu*o

i
Figure 34: Prc-versus Post-dritttempentue'camparison il:

The reservoir temperatures were predicted to be in bCtween 219 and 248oF, with a most likely
case at 235 oF. The post well temperatures, acquired from the MDT tool gave a broad range
between 230 and 242 oF (Figurelitli.Therefore the.pqbt-drill temperature range was similar to
the pre-drill temperature pieJiction.

'
The black curve is the post-well temperature. curve. lt takes into account the outer limit of the
MDT temperatures as the closest reservoir temperature reading.

. , ' : ,1 t  . , ; : , '  :  : i :  .  r i

Tne post-vell temperature curve is slightly above the most-likely pre-drill curve (-7 oF) but is
close to the pre-drill temperature prediction. The 7 oF temperature difference should not impact
the rest of the subsurface work.

i , , : , ,1 i : i i r l r t , r -  : r ; ; ;
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Headspace E lsotope (Reseruoir zone)

Version 1
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The bar$+rof the well (below 18250:lMD / 18150'TVDSS) has more a biogenic signature. lt is
believed that the vertical thermo$bnic front does not pass exactly by the wellbore, giving the
idea of a lateral charge. Howevefi"'rf$js certainly a vertical thermogenic front.

The section shalloiver than 18000' MD (-17900' TVDSS) has a strong biogenic signature with
some rare amomt of $ermogenic hydrocarbon. However, it is mainly biogenic gas. The sand
at 17800' MD (17709'ryDSS) is a good example: it is mainly biogenic methane, but has a
small amount of ethane arld propane coming from the thermogenic charge. This charge was
lateralin nature.
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Fluid properties

- sirnilar motecu{ar composition based on WOGSls
- no biodegradation
- minimal to no SOBM contamination

| 18086 ft md I
| 8P039952 |

I tr+z n ml
L ?t011111

Figure 36: Chromatognms 1o, th" M)dead oitsarnples derhrcd from the 3 fluid samples.

Three fluid samples where taken at Sre levet of tnJ'iis€;nioir zone: one sample in the M56D
sand (upper san{,"lotre at 18086' MD"l 17999' TVDSS), and 2 samples in the M56E sand
(middle sand lobe at 18124 and 18142: MD I 18037' and 18055' TVDSS).

Three dead oil samples *"r" OJTUeO from tFirf$ 3 fluid samples and were analysed for whole
gas chroffatography. The chromatograms are shown in the Figure 36.

Version 1

Sample Depth 2%
oallons

MPSR SPMC

18086',MD 1 4 z
18124'MD 1 4 z
18142'MD 1 6 t l

By cofup#ng the three cnromatqdibms, we can conclude that the 3 oil samples have a very
similar molecular composition, that there is no biodegradation and a minimal contamination
level from the drilling mud.

:
By looking at tnelihgadspace inO isotube concentrations as well as the isotope signatures, we
can also conclud€!:,1hat the M56D, M56E, and M56F sands are oil and have similar
composition. The M56f;.ilnd (18250' MD) is oil but has a higher content of biogenic gas than
the M56D and M56E sands.

MDT fluid samples were taken at three depths. These are the volumes that were obtained
during sampling.
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After samples were brought back to shore, the MPSRs were restored for 5 days to reservoir
pressure and temperature. iii

'  ' l : '

From flash liquid composition all three zones are the same {Figure 37).

The three samples were tested offshore for quality assurance. The results from a single flash
are summarized below.

"" "t "Otftioo 
C dP d C .)u.i dP on? d .ft 

"+ 
.e.f .9 .fn .f otr.lo d oP

..,r.i:i.. compon€nt

Figure 37 : Flash liquid"Aa:mposition compaison.

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, Schlumberger Oilphase, to confirm or deny the system and saturation
pressure. Oilphase had a saturation pressure of 6348 psi 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. 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 24,2O1O.
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Sample
Depth Contamination

Gas-Liquid
Ratio

(scf/stb)
Liquid
API

Gas
Gravity

Reservoir
Pressure

(osi)
Temperature

(F)

18086',MD 1.2 ruto/o 3017 34.9 o.7823 11841.O4 241.9
18124'MD <1.0  wt  % 2909 34.7 0.8050 11850.41 242.3
18142',MD <1.0  wt  % 2840 35.0 o.7837 '11855.83 242.6
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Lab Pencor OilPhase Westport Comments
Psat (psia) 6504 6348 6438 18142'MD samole
Oil Density (gm/cc) @ Res
Cond

0.587 0.590 18142'MD sample

Co (10-/osi) @ Res Cond 12.2 18142'MD sample
OilViscosiW @ Res Cond 0.168 18142'MD sample
FVF (rblstb) 2.564 18142'MD samole
WAT fF) 89 Dead Oil

.
, i l :.
, : .  l : . ,

,t,i . ,,. t :, ,
' : : i : ,

; l . , ,

!':l
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