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Macondo spud
Oplober 6, ?0q9

Mar-lanas pqiled off tocattpn
November 27,2009
After ryntng.the 1€' calFg and cementlng ths Bamq ths Marianas Bo.P fatled a sched.uted
tost, Ai the time of the failed test, the t:8" caelng had bpen run.and @mBntod. No op"n f,ote
g?1. eIPosPd.* A.cernpnl Plug was est iir the 28i easing, nnd the ilserlBOP .stack wai pUlfed.
While. the BOP sfack ums being repalred on d-eek, ttre l.iiE season hurrioflne ,tds formeO-in.hogulf. The wsfl locatlon was in lhe pr.oJected path of tne hurrlcane. Tlre Mar.iqnas was
evacuatad. Upon roturnlng to the rnrg after tho slorm, ipepections had revsaled extenslve
dumage to wire/cahles Elong lhe undergidp .of the rig. Thesb winns/c.ablEo wsre damasod as
the reEufr of waveVswells impactlqg the underside 6r tne hu1. T$i,s*9a.11p.pd the sfroauilng ot
many of the .vufres/cabtee to. bg w?.rn to the po'nt that bare r4.ig weiqp-5pus"ed, Aftor aseesiing
the situatbn lt w:Fs deomed. that'the damabe wa$ too exftii,giVe to pEiriprr$, repairs on locail.on,
]le ttg was derynooroct and tourcd to a ehipyard h Nlo.s!#iHpl to ni$i.,f0'r{ti;..f;h"e'roqui$ite iepalro.
Whfle tletng.repairea jn lhe sbipyard, the rib conlract exF.iffiU, ,.#fler flniSTiiiig.repairo, the rtgytaas rcleased ': 

..ii . : Il ,.; *_ ,,r,,,, ,

I4lelIetefos atfrmpthe Mdrianas wa* pulted afftseafion'
The lEt.casfngwas run and oarnented. Ag00'
It wsn decjded that lhe.'Deepyyster Hodaon wo

was setffiSr,the 28" caslng shoe.
ing the Udigirdp well aftei-iinishir

qppnrgaldfillixg operatione at the Ksdlak
well after finiehing

Qn lO.ca{sn wW W Des.pWgW Hsrizon , 
ji,,

January 91, 2910
After parforrning rghedUted Sraymap

the cement plug set by the
UBon re"entry,

Dpepwater Florlzon began
:l1led-oul.tli.fftgll0q.uepat ng,thq 1 8" ca.aihg shoe, .th-e
on Fehfri#f"1i5; 201.0.

Oafe

V*vrian "l

-tlg.plegl&ffiffiarget Wfr$ii6iipounterH6*-ir Rprtl 4, t-010 white {ril}ing at a deplh of 18,065'(MD)fiS,q6'.4':(TvD), ',.ri;,: . "'i, .
A..t+,

Oafe,gtrfl;ctepth otftnal TD ..,11
The Mdttrido wsjl reached a finali:Fb of '18,360' (\4Dy1s,34.9' (|-Vn) on Aprit B, 2o10"' i i : l : ' : r

r t i r i i i i . '

PoatTD offdigfnns .,,i'
Aifter rsachltifiiitF'" -a fi.rll g4i{6:of wlrenns eyalualian wqs pfffornled, Foliowing Wreline
opqrations, prodtlfl.llgrJ caq!$$::tilas run and cernented, .At the'time sf the Inoident, the-ileer was
being dis,phced tq'spffWdtHF,14 Breparatisn tp unlqtah frorn the welthead and pull'the rlser/B0P
stack. '': .

n
.L
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Ggefqglqil depcflptlon

Tha primary target tor the Nlar:ondo uoll was an'a.malgar:mtpd lorry rqlief .ehannel"leveg:syo,tem
of Mtddlp Mlocene agp {M5.6 ^13Ma) (Figure U. The channel sy$tofii trends in a northilts$t to
eouih-esst directlon ov6r aR elnngatod Mesozoio 4-way ridge that Btrikes no.rth"eaet ts sor$h-
w"est. The,ir-apping elemente a!'e a eambination of .{lp and stratigraphic. Ths expectpd facioe
ara lour nellef cfrannel.levee dsposits with vertlcal and lateral connectivity:.
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The fillacondo well dlecoiiered Fgo feet of hydrooarbon$ ln the M5? end M56 esnd$, tha m4ori6y
eccrurflng ln the M56D (2!') apd M$68 (F4.F') sands (Flgure 2). The depth struoture and
'*rnpltfilde maBB furtho M68 and ,M57 intsrysls are shpwn in Figqrps S end 4,

lrlb(0

Ver:gi*n J.
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@H|SnffiRffirn*hxjEr*r+irHtlrbE$e:r,r.. . ..

v MS6 Depth md Brinel0il Disfi"ibutiox [&ps
he

ffi

fi4hp. i:i:il
l_1:j,:i.r::1. .,:i.iJ:i.ir'

r  '11* r [ . :+ ! . r i

of 
'the 

lrtracondp urell ip a eerieg of five channel'
ln depthe fr,om 9100ft TVp€$ to 14000ft

ono of the channel syate,ms (Ftgure 5).

bjpgenic gAp fiold In soqthaentfal Mlsslssippi Carryon
in age, T'he odginal Rigol:oxplorailon yrell waE drilled bV
4S)/1t,832' (lVD).,$ubspquently, a produotion uv6ll \r/a$
s wall reached a TD af 16,?0p' (MPy14,'162'{TVD), Tils

tor/vdrd tho soutfiweet, *fhe bottom*ltole loeetion.ls in
well le.completpd in:a single zone qrognd 11,000' (.TVD)"

well.hes prq.duced 72,6bd dry gas. lt ls exported via the Rigel
operated $ ENl,

Sdsrpfc wldenoe shows that the JaterBl extent of the dosest of lhese channelJgvoe systems
(M110) doe_s not reach the Macondo well (Flgure 6).

Ver$io$:L

drilled ln
wallis
Mleslpeippi
As of the miiJdle
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It[57 bepth qnd Brinel0fl Disrnibution [Acps
@Fwt!a*{!wrErx!{rr*piii-i-r r. .. i.... #

$ruorltte aaan wilffiFp,ftflde*ffil 
,flFF

tslgef W.ellp
ItC0?Jf-S$lDP n'rc0e11-.leTLCHE

Firyra d: :se}tion .shawlng Rlgel lyrf,lls and Macondo,

Verpion t
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$il8{St4lllBgffiglt$!ryIlEErrulnFr&{rrrymnnw;f*ilqdefi*,$l#tiir+igs,$jirre{F+fr';:r* - .

,MI10 bept h qnd Brlnel0i I bistribuf ion i,llaps

Flsure A WlA DeNh $fruefvre lililE,n"r$
..,.jlj,r.i: 
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Shatlgw,HaAgft

BP completed an arehqeqlpgl.gaf aM ,seaflqor oeohazads suryey:f,cpoes Misqisqittl canyonBloct 2s2 and vicirritv h Jnnuary 2009 io rfreet nlm{.ruqiiirom*uts for archoeotogioaly'signlflcant- b-locfqg No,.slgntfiaant. han-msde oi narurea tilijil; were identifted neqr thepropossd Mc 25&1 wejl or rryrth'in the proposed nndror radius for tG MJiranllr-lilitiil n;:
'Ths ehallo$r hazatde discusslon is llmited to the top"hole or ilserlqss sautlon (i,e. belween.oogfloor and the base'of,the ?Z-i.nch cashu section;" pigur; f ,ho*e firg top-niie:&rnnatqn
:l*.:s:rglr|}"yjg!lH.s,?"ollt3rd.s th'st was ierivid fron-sD seisiliairiidl 

'Fisu'e 
o

1$tr,3:^Sfl*,.|1"1*.lt*Tt "glfervafrole tos rhat wJs.,sr#,"di-rft*i'o,ririils th"top{olg $eqhn, The poot-well comparison betweei actuafprpdiction is provlded below.prpdiction is provlded
condltipns and pri.drill

8lfalfory Ga,*
The zQno ffom the +eaflpqr io 8,001 lt.MD (baoe of ?Z-l
have. a NefrUglble, potentiat.of shallbw ges. "No shailow

a*Fre

pradfll Tl.lFF between 6;018 ft:and 7,025 fi
the gnmma log botween 6,660 ft to Og00 fr

rlserfess sectiqn.

$halfow Watsr FIow
A, ksw nsk for SWF w.as aesesssd for two
7,S14 ft MD), Thefe was one unil predlcted

and 7,02ti ft to
$WF in ths

Interv,f,le are nota"d frotn
$WF'was noted While

$lrre from possible sands notod abo.vo. The flow was

drilling the rleerloss eeotlon,' 
,i,i:ii#il 'tn .: ,ffi 

'."
,lgi{it' .,: . .,,jfit

*oug'mrj$ ot the wetij{egd,1qpibfit go hr:s afrer reachins the total
casino'iqiffin whlle lripptrigiifri'trqte lvtth the 2Z-inch cailng. tt is
ry may h'Atffi:iborrre from Bossible sands notsd ahove The ft6w was

A ellght flo1yv wgs notpd qcroes
depth (TDi of lhe Z2-inch cash
assumed that thq' :ejig.htrflqw
stopped by cr rcukif{fr 'ei' ;nniui,

The potential lor g$Hth,q,#.fle, lplastic clay return response to water Faeed mud, wa$ notaddrepeed.in the p.re-.ll.r{i+rHFF. Thls was ndi a cancon 
'bEcause 

th; plaiita; m crjh ifii noreeectionwith.seawater. @ymtrn was qbserved towards the end ot urfltineittie ge:in.r, iii'uini nnr*gecti9n, The gumbo eolnpided with circulating pad mud in pJaca ii prebiretion of iu"".ningcaslng"

Versi$lr l.
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Pore ProsEur€ and F.{acture Grg_dlent

fie current lvlqcpndg prossgl€ Interprstallon incolporates revisiens to the pre.dnill forecast
hased on: syntheels'of IWD and vyireline preqpurc indlcatorq (pre.sqlre transforme based orr
reelslivlty, sonic and checkshot, and:densl$); drilling paramoters,and dgta (RxC, baehground
and connection gases), dinsst drillingindlaahrs (kicKe, loese$), and:GeoTap.and MDT pressure ^
m.eaquremenm [fibure 9)" .Porepraesure ls highei.thanttie predrill rno:st likely ourve, trom h
9000' ts 17750' TVDKB. -The pre'drlll ptoasure prediolion wag too low in this Interval due to I
plcnter than predlcted intarval velocltles, and the need for
nrodel morc similar to lhat .ueed in the

pressur€$.0,1-Q.3 ppg hiUhEr thqn shale pressur.o. Ac,&nl
hydraullc conneollvity to depper w.gtet, lower
sputh (Elniilar reseryoir'prsasure to le abella), or,loeal
southweEt and eqst of the prospoot. Though wlreline
callbrated acouetic to density tranefonns of the

Vei'sir;lli. tr

and :

transform

otared reservolr
hnply reglonal

to the
the sa.ft bodles

reservoir soctlon,
lflply that

oV.$tlburdon
red at :the1prospoc1. Jhg.
rtp shnllower fhan planned

' |  ' !
l a
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Macondo ll/8-2$2.1.lA Pressurc Formast FE\IA, S/lfl{O

8e lo { J12 {3Mr5
norvrrhole ifrritunght Equivalent FFq

Figurc 9: Post-wel/ pPf-.G intetpretafion
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R1D5: MSCT.GR"LEHQT (r.otary side watl poros) wqs not fully eu,cceesful; r.epoated asR1D7 aftor RlDO
R1 E6: Quad VSI-GR-LEHQT

Saoie observafioa on logs end 6s,rshote eand/rtian :

' 
Ihg h{.,!tr9 a diamg.ter:of'8'5'from TD of 10270'to. 18,090rnrctand g.Bt$'from 18,090^ rnd
$1f!?9,,975' casing due to the use of a hote opener a"EoinUttr.' Thfs hole Becllon was drilledwilh:barlte as a:mud riueighting:rnater:tal 1*r.0 yo gf hlglr;gravity
Yelqlt so-ldq). Thl.e'oauses.lhe-density*corection ounio 1[-nno1 to d"*-negsliG'ant'stsus-igillfloantly affects the qualtty of the pEF curve.. Run-R1D1 was run:I.dnys.aftsr the forr.trafion was qfiiled and 20,hour$,afte.r the tastcirsuhton slopped. Durlrq that ilme the open hole uae 

"*p6ipa 
to different tdnds LCMmateriatn.to heal toesqs, b,8tow the g.B3s, shoo and cloee,tb:TE:iifiqbmireiinirriiii,i_-rilli

Waoh outa in shales but mainty.gaugg hofo in ssnds1one..,,:.1

Cor0

]HT_Tp11.lllay^:td. $Jt cgr sam.ptBs recovered fr.orr;s.tim$T runs. $ampte pr6parati0n
and anaryses were donE at \Itieatherford's Laboratories. :r 'ji;.:: .

Only around ?3rds of ths sampteq were in a
sufficient c{eanlng end drylng, 0 earnples wr
cpmprc$'$blll9 studies, 19 samplee WSrp e

for poftqpfry;ioal artalysjs, After
neohanidifF$ioperties and pore
1g*,pore Analyeis (RQ,A). 

-The
analyoes frptn 17 sarnples from M56D
retsrened in lhis documentwhilst 2 morr
at 500 psiand at Net Gor$ining
gand fraduro evaluatlon, over bt

to date und are
ihhlysed, RGA was perfqnned
wee oaloulatrsd from post wpll

of rgok, the.eCI.re plus represent
in terms of pmount of intervat

Frgpsftioe and Oapillory pressure measurooments)
' ' : . . ' .

10 outui.the 17 samples were.d4qc[ibed qs fine to medlum sizo gratnebndstonen, one asshale. ,  . ; '  
'

Lqser Gdin Stziii.,h'natysls lrtg$il repult_$ s.n 17 samples (S in M6BD arrd ,i 1 in MSSE) arCIpreqented in Fig'd*F$ib arr#{C. 
!

r ,  :  , .  -  -

'  ;  t i : : i ,  , 'In Figgre to r.nnnen$dr€,lbp.rrectpd ,peftneabilit! to air sl NC$ ls phted verlsus the percerrlage
of differen-t size particle'$ In Sre sampte. There io a clear retationshtp between send dodent anOpomreabillty.

It could be. argued $a\ll''e M56D.sarnpl.es.(ereen) have nraqginatty nefi$ rltt and leFs eand grringize parthhs than M66E samples:(hlue), tliough wrur trre reiativeiy qma|| dats sofihie may-be afunctlon of the sernpli;rg.

'Versi$rr I l 4
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fitfi*..lii'94' C.LAY, 611T, $ff{D

,Ftflqn l&l*nunr {*f $ff&rd\t -tr0
o|{rr}l& S.Lllrt0 lilp{8:

at different (sad, silt, clay)

persantage qf di.fferent
grain,size :and parmeahllity. ln

f 4ggEstin-g Elishtty por:r sortjng,

Flgure 11; lasor Gmrn $fz:e Analysis., Pemeahilfty vs. porcentage af dlfforent (.very fine, ftne,
nedium and coarssJ size aand p.ar.tialoa,

Vc'rulo-n X 15
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Tha obsErvations from Figr,lres '!0 qno :l1 lea.de to the suggestion that tfq M56E oorc ptugsindlcate. sllghtlv :beJter sorting .fhan fhe 
'MFoD 

. _ u6!. 1iiti t i*ne"rei in'ltrrail i6eiJatrvepositionlrs in.tuPHI p?ce as l.nE nt*. in.Figure ta, turtneitie tnlNraird ieo-dora riiil5i rin*,suggost that lV,to sands rnqy be stightly :diff6rent rpqk types Uaiel,on their degree of sarting.The 10 mlcron line dlvides.ttie tU,o ripkiype.

Mscondo Foroslty vs Fs nneairillty

.c]
c
(t)
t,n
t[

s
$
Go
E
r!
I
{D
I
&t'c
!,
.U'g

E

__.R36 @0,1
*r{06 (00.6

ROS @ 2 Miqrona
R3$ @s Mhmns

*BCIg @ 10 lrrth|ons
-* R85 @ 20 Micrqns
*.-8!5 @ SMtqrons
c M660
* M56E

Verpion.l. T6

._: . i .  - . .  ; . , r . ;  _!

x-nayiidilfnactio* {XRD} analy.sdilf;epufta from 10 eamptes (4 in Ms6.D ad 6 in'l,i{5sg) arepressnt66*{t$:Fioure f';.Iitutfiipptfl.conlq$ ot-art anatysgd #ndstairi sarnpGs are in
lvtsrage fs-!ti;$ertz wlth Kaotinffii(:,i'z,i 

"-notttitu 
1% ctayo, 1% Kspar and 3 % plasioctase.

Bgeed.qn ilie:i{,9 garnples*ffritit'M5sD and M56E ttrerl'appears'io 6e *'-**diun"" inmlneralogy uewe$!l;ii'1p twQi$-ii,niJ uodle.s., so any ysriafion ln petrophysicaf pr0psrH96 :is ltkety tobo'a function of giffi.$ips6-ii'fl most tittely sorfini
'  : . t  , .
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Routine Cora.Analyeis (RCA), The

' : : i ! i ' :  
.  ; ;

Ver:iiern.l.

are for M56D, 6 nexl

4 t 7
J T

Kllnkenlmrg pernrsaHlltv-lg alr at'N'$;$iis plotted veririjS''Pqroaity nt NOS in FiSurp'14. M56D
sand may be mop:;iltHdio,geneous .thiini,,M$FE nnd its reoewolr ohamuteiistlcs are hardly
descrlbed by,ffin',at'dlablor6..ilnnles. flfd-E:llcore data.wlll.bo nece.spary for rock typlng work.
From the Lsb,eFgrain analvsf,r';:$rqting rndyr$q'.A.function in thls effect more than grain $lze.

.-i li i, "
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ftSltrc*Bt{K*i4 l$=l$fl;Uq _R$Iq=ae\fl"+n*}lt$ *rns phr
Wpltl ld00[$s_ t-8T01 *Bp

l,r -tilyilta,,}.$IFA ttBt$

6'g

;
H
J
E:s

I

s
5
Hw
IE

ldffFqf+, WHS$U trhtfiafi
Frxr.cfr$nsi
nrossn{o.-.1+-vs--paLs{Fer REfl r.$Ed.irn LpoEt RI!1il,U*lffiA"FH ff_l{C$,

RglrfC;RCr\ li{*l(t}tf*H4$, DC. 0.{1674?5
__*5*:_l!A(*g,Elsfl fi + u.s$s]lle.{Fnff}}

llg:::J:!fi!:Fl4tAmi,i''t?o.mgahrtV p..ptratN.c$ rs ptottedyercusporosrfy af /vors tnfh
/,nea," ru6["p$sian fun&t6jt! used for parneabjlty,ealoul ation.

frequoncy h[slogranic of cQrc derived Poroslty-and Per.rnoebility ar6 preBented fn Figure 16,Por,o$ty of M$6D gamplps a.rc ve,ry. close to trilsoe .9a6pte,s or,rt perrniablfiti li $.iighriliess, itmayfe, du.e lo sorting, paoking an{ to gnain oize distriFutton as mtneraiogli*r coniefit'of t'he
.sands is simflar.

Vet'sion t 18

{ i i
,.,.,.....1.*,,.......,,.,i".,.,,.,-.....

a' l t l

l t . r . .  
, . . , ' , . , , . . , i i .  r ,  \ . . .  ' * .  ,  .  r ,  r i , . * , , , ,  . ,  r , , ,

i i i
t i l
l f
' i

t  i -  r . r  r r r , . ' . !  r  r . r .  r r r i r ,  r t , , r  r  i l  r r !  r , , . r , . . +

i ! i' i i

lUnds rcs*iruoir i

Solor": Maxlmum +-f tlf.fEtr{U_l{f}
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osor'etrh mssn:2s6 m!;
Ar1fi metlc .rnean: 363 Sl0 P uroejty ranoo: 2 096-2? 96.t3%

r f i l t i r r I t a

CIeoftretdc moan: L$$:ffi
Arlthmalip rno{n:{ffi m0

Forsslty tfl n ge: 21'96-22%-? 3 S

Pl$ue' :d:ft# p q u s t.1 cy d bt rt b u ti o n
Porcsfty ?ifi.$f$$ sep ara ile/y por st

arc'measurcd Kllnkenharg permeahllity {o alr ef NCS and
arid bolfi san ds together.

Porouity.wns Oerivesttorn,ttli densitV tog fr:om the following equation:

Denslty parosity (doc) * (Bhog - Rhob) / (Rhos - Rhof)

Where; Rhog ie grain'denoity (g/cc)
Rhob ls the den$lty log (g1cq)
Rhof ie the fluid dens'rty (g/cc)

Graln Denelty (Rhqg) and FlUld Hensity tRhof) were deterrnined from coro dorlved data.

'Freuueney dlshibutions of core measured Rhog and log DEnsity (Rhob) vs. core meqsurod
poroeity(Phlt-ncs) plot are ptes'ented In.Figure 16.

V$rsirm i 19

Forosity mnoe: ?1 96"?2s"?3q6

$sDmotdu nlBan:3S5 mll
Arlthmeflc mnan:441 ffi
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cole agrtleg Rhog ftomthe n{56D and M56E q$d,s are very simitar at 2-6.45 g/cc. hlowevertheofosslplot-crf Qore norugity y Den$ity.log (Rhob) ilrtryg ltr'n OgdrnnO plugs to ptol off rmndwith the M56E plugs' Th,e force flt'llne,"t[rougffie-,rui-oie pi,iriifl.'ro!,gh the grrain densly of2'645.0/cc. grfYes a very masonable Fluid denslfr nii,on:oi-0,0at giill *hbh 'rs conststent with rfre
ry::ryojr flyld.froq.etr_essure ctata enO tne,{rq:nn:irt" JenJi'itv,-'A number of MS6D ptugssugge$-t,a higher Rhof g{ greafer than 1 .gicc wfrictr is fii"nsjitent wtth the reseryotr ftuld$
!:!y"9 rorm tlg&freryy1e gatl anrt fluld"evqiuation. eodilJriirs rnnse dste point$ to hFanomdlous, a RHOF=0,846 g/cc ls used for;Denitty poi"*fty-evrfr"U* for. ail sands.

..+4svr---.*-'',-

HlHi "*3@e ItEp
$rr oaEs

f;&sm $ffi
ffiiq*av fF"*fi
Hffif .,lqmt

lriiri

G. ore poroslfy

' 1 -  
. - . r r . : '

The depth ehift iiltlli,belteri'iffiatch the Donsity porosity end correct the n1splacement of shales.ample at 1.8,121'. ,,r,:i,i:,i

Y.ers,ion -t 2{'
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{EtflC*Rr:rr.sl"{r-.}rS- rt Sse#Cl\-oRlC. ft {Id{f.b- t

Por-oslF,:caiculated trom density leGrin upper lohe {M568) is 34 porosify Lfnitc lo.Wer than oore
derived:ii'6beity,white jn the lowerilithe (M$'6E) they matph well.

. :  
'  

i i  i l - '

Orre of the pqSSlhle rsasons fsr ithie rnisrflatch ie over.correcting of fts dsn$lty log (RFIOB) for
barfte additivCC"riat';tnud. Tho,ii'*giree of corroction (DRHA log) ls thown hr the red shading in
Figuro 18. 

*,', 
1,, ,:',,r,r,

On tho left eid.e in Ftguie t$a, DRHO (Ya;is) is plg$ed versu$ the diffErenqe befiivepn coro
poroqtty and denslty de*ved pur,oolty (X axis). For.l'#56E rqnd {in blue) lhe diffsrence is "+-/- I
poroslty unlt while densily qorrepllon DRHO is around -0.015 g/cc; For M56D sand (in green)
the denslly csrrection qnd the porosiiy difftrrence are higher for mos{.of the sampleE,

Thp hrge DRF{CI conecflflls match spiken in the PEF ouryg indipaling the greatest barilo affept
(blue eurve in Neutron.Densltytrack) in flgure 1Bb,

Vcrai$n t
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Donslly 0gn6ttlotr lFRfl 0f v.r,.dt{Torutlco t,enmen Cora
l'orodry dil los norosltI.

"ltthffi*H"lffiil'

OeRrltl, ooF€rtjot,r (EltHgl Vr. OtrGf'Dca bdwoen.6orc
lloro8[y otu rou poroitty.

twf kr6 C tutr\rlt_fn
lrnwl.r ClrliJfn.l I )Ft-t$ll
ftdtrr'

.l,lb ltrr!,itq toF

LIrqfl sdngT.vl_$ilranbd t y b$tte a8 Lo\ir.r BSril bRHo
rltould bo-{.015 0t0c

Verctorr.{

u
dr

t
B
fi

'),",
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Cotrudhr
'[ilM0€.

llorl lo dre nlpst !|r[rt.doli0l!
Rltog-1H0,8+ DRltO {,0015

Fluid dffigity g$limallon pbt
MS6Dlupper lobe) isln
gruon, M56E (lorv€r |6s)IL
h ttilo
AltoveI Eefors c.brEW JqO
corTQcilon.
Eebw: ofter donslty logt
CiltoctloD

r1r ntc I rf, rnptob irro ro urtN onnlfy-fiii'Jfl 
'

intervals

and GR-$hale

Vshr(CRGB**a nd)/(G (s hale-GllSar"rd)

The sand and.ahale linee were adjusted to reflect the eand p6rcentags.$ from tho mudlos arld
eVafE volurfie oetimatod try 0f ECS l0g.

For hlontifylng all pos$ihJy permoabls layere a Volurns sf phale (V,S|J) cut-off of Q.4 is used.

The cumulatfue eend count {oI e-ach of the penneable $and$ is presented in Figure 20.

Vereiorr 1 f74

ia;t

fFi-rrlfil-{'l-'F 1

rw:  q rnd t  { [U .h
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,ffi. TSFFJ,qN0
TVDJI

t6'F5-SArilF
TUDS$J

TAP.F*5,qFJQ
f0RmqnCIill-t

TOF$*S,0,Np
:Ul""l 6F,OS$ 5/Atr|D

ly46f,qguBftr7q66,07$51 17es1.07351IYI578 e,il0m0
:1F4dftlifusnl?tffi,0f347 r7383.07$47
TTffi$EEIF.176ts9,Cr792?176,[4,0F0u7r45I( I,SDm0'.t4ig4s6*l7&97,570141.79,21.57014

:lil,tt*figsBbt7rffi,[6s.a6l7?18,06,826M56A ?,50000
{?,&nFi$uil.l7I9E;t55RE11nzu,66s21
+it 0. 17,96,{,5$32917fl8s,S$fiz8]vl56H $,000fl1
,+*,H?S;$Hob17T78.56256II9US;56r56
,lffi:'dtrn 18015;06017l:t944iffS017l+lSt'C .2,oflfifiu
ii$fiiaiiiiliiu lB0ll;[60[14 17946,0b004

$Bffiflffi8[ 19s56,0s7I417981,051I,1fvl56D 2?,0nDu0
ii$fi$F.itim 18t]78,0561618003,056:18
ilr${ lBl0g,8s3gzrsrl94.05sB2lvlF6E 6$.$CI000
l.Ef.*.#frE0dIBtED;6484?'1tr105,01642

t6{,ffi5i8f, 10806^.54683lStsl,$'$693F'I36F 6.500n0
iiffii6'0r*l 182e7.5457$t8152.54573

' ' *  l '

Figure 99: Qun ulatil/,osla,?d flrrbknesq,ffiisafrd gnif,,:,., .
ltl$llr :!!.. '.

f i l- i  j .: ... .,.:,. ' : :::
' ' : r i . , !  , .  l i :  j

l$ffi,g"pented h Flgure 21, A nel uand cut off of 14 %
v&tiibs are based on GOM analpg Middte Mip..cene
t0 oonfiIr.n .thes,o p6611eter:c lvith pormeability

MVe,rBion 1.

LIIIfl: g:q-way cornqffiJ Jo colg rQrosity,in !{s6p and MbsE sands, where rotarysidqd uall d{rySilHorosity wagl$$Hd for oalibration. in *pite of an app-arent sllght gas silnature
::-I-E tip.lflflS#'l3.s,"ru9;;FMR polosity beins rowei ttran neniiti t;rdifij :t.Jsr.,ar'i* s*
:ff_qlj PY,9afPn$iiol,,$ptf,resqruoir sande phowed volatlle oll, th6r6fore na bas cone,eiionEpprlbq t0 the.. penffi$l.lf{ The doneity log derivod poroslty ha;s been ,cleinofistratect to tiereaeonably well to porctity frsm eore plugs. 

.
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l*td{qp:ortr .p{ t#ll+t.Pflft*S
\ft{lh f,rCf,l4$l-1-$fi - 9F

rnqq.rFolH f.$'?tl..u$lc" l$$*, lrtffi- {l$&*. },*S{8, rf54tr, ln$fiF'
[4+. I tsfrl{ilf-€nrfiB* f*}l{t_I Ll€!: !, I

"ffi"tr:l*q, |NFfffi'tl*ttt

Figrtt/! rs{rer
l*brlq q*$.r
tlLSWi$ n{lfl
ItfiSi|lfii r|tit.rf
rotit*

rf,r4{r
$Hor+lrh'Errur
ttutfF[F{0 lr$$l

tr#$ H$ffi
q,,rsadi f6' {+sf

fq'r,4r4iq
tlilr{tld E&lolkr1
filx,um
f.{rrtosP*

r{s#l#si.
|trrs
sq
fsq

f! | r;Ff,
,1Ptlft
If]*lr

F9ury.W;::;;Den$fy Forosify hitfoffftn with 14% cut aff.

ln this sand if dsnsity is ueed for the calc.ulation (Figure 23),

tr/ersiuu i 2:;
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.nqriFr.# E{.LrL.hrfi j.d[Lt

lQ.n tr.Ul!f-.1-91t, r-F!
.1.,1p.'st t+liFt

lt{+r!

t$tt llltfiD{-Br '{H"

ssts*--..."*.*_-* !!{ril-t--*_*_.*,*_

.t$t  1D!t  - t

!E! 0 ttqD
15f $f8tli

liFt. sltt

IiIrFliis ".....,..,... -.._"

ffi*",1s $Si#

rrrld{4h r, lt+ltc..rrcrlpilr-f,{s
lsq ]rttje{ir_1_ti r_to

hJYe* lll4D
lHorl

+Brl4{F cn i$qc"wrr-g
|Flrr Tl(E$t-r-stgr..FF

Irf tFnl lB{1
fJtltf B.*Ctll g;9r4ll"lr/8' i.t

e#'# I .intrah
$mSB $t}lt tn!ra*ti---.---.*-

ffi.* fi# *fr $iffi
saH qa$ 9J'tru

.I$Sl!tlb.----.--*-----..- !tt$i*c--,.'*-_*_-,_____.

ilJf;fritF '6 G:l6 Br*,
iffi*tr Bii#,i F.+,rrEr.__..*.*-_
P49r 'g^i('ra 

t!4 o,firrrr

fr#*t** li:ffiF 8ft gt!i+
rs,rq h^ ltdr3t

Cdd.{t}trsr-r6l

?'|!d$c .*.--*--.- Ft{rdt-*-**-__

I:i9u,w..28: Densfty Pofislty (wlth unrnneqfpr/ densrry inptg dlsttibuilon t4 MO6IJ sand y$. corepa]e.s.ity,

lf the ooff€oted density is used h lhe M$6D sand for poroslty oalculation the qonrBarlson witheore'dsta iq clsssr (Ftgure a4).

illtJtit

Rtint
rllt

ffi

T/qsrsion l. 26
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Hrln'lpr.n o, R$lC-lCiFSn-NQl
il.lh .li(tr0!-l-5101-ltP

t{wolt.tl960
rurt4

tolar lt fe]n{.Jxt

Hhlcaun d IURE FM-S-UPltfff
rwr' EC!2Da-1-Sr0'l_gP

li{Gsl LlsdD
?lL4 $o.QqilL5Arp-rl{os- |

Colort Nlltn r'd-{O
.ffi"

h h { d r  . _ , , r . - _ * - . - .

Ego, t5t0 I#+trm
ls4ml!r'L-----_--.
ta:Fr
,tr

0 rtgo
0'l'tatD
u t?tto

nlifr
ilntz00
BU)/i

the lnteryal of evalrlgtion to dstffmlno Rwa.

Frequenpy histegrams pf $w are presentedrln Ffgure 25. The Sw cut off fof pay is estirnated at
50 %, The cut off value will,be r,evieitod,aftar SCALlewlt$ ale available

Versisn 1

tdb
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. tlt$oorct'a ul $g1tSill
_ ltrbr il4F3t:l^r;g{St-np'r*'.so'?:'""uiifl;Tij#1ftJ1ffiirll,i,b:Tu' qb'n' urtdr

.corr,fl ttfltnu.il nA offilo

8,?ft2;Ifl
r0,.13351
3{LrrogrNl

tol6r fHt[nuil*ftO

?s' o
7,r,$&\1

.6?, rgF*Ii
th.006{6

IAIater Sw*6?Voo.at otr,Flgwe 25;

Vorei{rn l[ 28
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Flgure 28: Log dorfuod Fermeabilfty distributlon tn Mo6E.qnflf ys. Sple neffigpittty.
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Aftor u$ffi,"conectsd densi.ty for
matdl fdi#{i.p ls better, see Figr

ewluation and following lt'Permeabllity evaluatlon, the
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.U&r i lK
rbr  tE , tg4F!91
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Elgure 28: Log derivpd Pormeahility distrlbutlon.in M68D $end v$. Care Peniiieabllity.

. r1ft*,u fli:iiff
Jrttortr

Aorc Perm dbtrtbuflon when Densitlt pornsity dorlved wlth conected c/ensn! lag tnp.i!,
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FlutdTyrBlng

'F.l|i on MDT pre4ee,t Prelsqqe dota analyrsis and ftuld sampling anatysi$,. the M5ED and
!156E resey.oirs comprtse votgtite oit rrvtth cod; ;i qr".fiL30ii6 dur_in iipr"grfrriilii.gs. n.more cornplete sef of data and anatysis Wil! be pr:eeented tn ptqid proper$ee eeoiion. 

, :'

Tha lVl56F sand underlylp 1l9jl3i" p?y lons.wes- not samplod by the Mor tool but hasod onIrs tocarion below MS6D ano nasse and 
'bblow 

fre td;;6;ilt; fdft rt rs tilrely i; d;i. 
"-.

The fluid analysjq of the MFTD and Mb6A sands h uncertatn
so$9.190.{.gnaturs similar to MF6D and Mg6E, rrtri.f,,aiif
calguletad in the.uand metchgd clonslty poroeity, vyhlch ;b;;Ripor^oslty is -usualty higher than densiiy polosity tn-sd'-r$,88j
b.olrndsry of thermqgenfcfro4t* fight abova'it, tf o-ouli beffih,

s. $on{c poroslty
oilsand as $onlc

llg Y1m:9rnd [s approximarely.Z fest thiqk and fitrely ro
fluid detsmhation, but based on its ponftion above itre ttrer

Figura ?V Flulel typins of sands.METB.utd MLS6A.

TIF M57C 8,an! w.as Frpssu.rg tested by the LWD.real tlme Geotap p.res_s.ure toul at 12606' MDwth an equlvalent nrud weight pre sure pf 1419 pFg,.This prd+ist fafled to. ropeatlon rB-

29). $and M56A hae a

js posltlon.on the

V$rsiolr L

o
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logging with {he MD'T due to repeated seal fallure. The oBMl imq$e.suggosts thst th.e sand .ls
yery thin.ly intBrheddEd (F[gure S0) and thb lhin eand slrinsers.arc below density log rssolutlon
so,ihe gvgluatlg.n of poro_sily, Sw.and flUld type io oompromis.ed,

Flgurc 30: Logs ouersand M57G.

l Baeed on
wlth.QuarE
(Figure'!3),;

size and sand

1'ype 2 by fnrproved sorting, The rools Typoe :are also

Rock
ri ppa6s 

"W{:F'an 
avorago pqre throat radiu$ of '10 rnlcn

M50D Sg_rid c{,mprlso$ both ltook $pe 1 and 2. Rock
qn av$rago pare throat radiu$ of '10 rnlcrone divlding the

.san-d comprlsss both llook $pe 1 and 2. Rock type t maybe
ii5fiii'gseneous sand packago, Bock Typa 2 in the M56D unit may be

asaociated
tereor :resiotivity

fh,ln beddad pay a$ eVlclen.ced by increase{ anisotropy fr.om lhe
ancl ths CMR bin porcsity distribution, There is a better match

betwoen oof€ and pormeabltfu in the BodlrTyBa 1 pf thp M56E sand thonttle mors
hsterogeneoug Fandq of M56D and iherefore loss uneortainty on reservolr paranreters, Thin
eectlon dds Wlll be integrated with the rEst of fhe dats wh-en ayailatrle to.strenUihan these
aseumptlons.

p Mobillties from MDT pre tests ponflnn the lwo sands have hish perrneebility in the 100'e of
mlllidarcy !'ango.

. Flgure 31 s.howe the penneability estimalim frpm different data.
Bed eynrbole - permeabillty measureclon core{to air),
Br,own line -penneablllly aalculated from pe;rslty pproslty udng corq derived eouation (seo
underestfmatlon of Fermeability in M56D).

Versiert L

rroil
and

at.1

i, EllFft. flr-r1|S q,ilir | .+

'Raseryoir aad fr uld quality
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Rod fine wqs ussd for avere9ry..fst"-ed - p-ej[eab,lllty with corrected Densitypormity l6put.Blue *ymboh -drawdsrvn mobitiUes trom iiyillf pretr,it",
$reen. sfnbol$ - draw down moblilty from MDT'sarpfei.
,Pt1"d9* rnobitig is rofEh pstirn:ali sJ porrnoa,bitityio-ori,
Prelests mobilitv do nol look valid'to 

.uee, 
MDT-samples mobitity.mulflplied by 0.1/ cpvlscoeity aan. be'compared ro permeautttt]lb air measuied,on eoie and oalculalec with logs-$agenta.stars,

, Therq is a.oood lnatch of .log delived polos]ty K-eoRE and cMR deriyed KTIM (pr,rrpteqqrve).

. There wE$ sorile initial dtfficutty.ln acqulring MpT preqsurc dpfa in the trrvo saflds, Three
fluid eamplec w.ore ev.gn{gally taken * 

"l 
irr 

-Haeop 
ano i Ln nn$t$E,,Alt* dampr$li'enili'irosame,fluid ' wlalile sif with GoR *9000 sRd Apt"3g, F*f[ attrjrslgriE*aweo ilsJ.rrlt#'d,,'tcp. After the eampling, the ptesture teets program wai:tp'dumed.' : ;r:i:

T6:L d:il?r: -.1:{;

Ve,rgio:{r 3

r{rrr+w?tfi tt g!'lqjtY_4 {

o
i0
in
I
l4

z:
f?
!!
o
II
Es
I

thedsd -
Elllbohqp/,
hldltor'ln
MSqD

-5i#I
ui
H
I'

cMR tiln
poro€ry,
Or€.6n -largsl
porus fllled vdth
fEB fluld
Fsd,Y$llfi/,
Blue -
pocroadFt
lore thed

Flgure &1 : Log o data demon stratj?g ME6D and MS6E .anslrsls.

r P.r€ssure Sradients are preeentod ln Figur-e_ 32. $amp,le and MDT points show very slightdtff.ersnt.gradients between the lwo ssndp (0"?4,9 psi/fl and 0"2$1 pei/ft foi useg *n.i laEeoresppdlyety) but lhey !l.v9l'9 takon wlth dtffBrent prones that rnay exirtqln the differenqo,'

r Water .eatunation uncortainty will be degreased as eap,illary pressure and ebctrfcalproperties moaeur.omonls are avallable,

32
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t8
1s
18
l8
18
1S
1S
18
1E
r8
18
1S

t1 7e0 I 1,8:t 0 | 1830 1 1 gS0 1 1 970 1 tB90 1 1 91 0 1 1SS0
Free*urs,Imtg; 10/dlv

Hgure Pra s.graf p rassurc p/of.

N.eAPaysu.mmary

Surnrnary

fiiDf l€c& tdkon
,o.?ollrrrfr{.

-flof Pf,ftl, rftro to
pfr00s.i lx'olrp
,tpllf,,rp,
MlDf ymle $Jrc.oos6t f
fiJlef ftillrrirr{t

cnrrected Density porosity, $w and

: : ' r f t : .  . , .41 '
rr:+1 :'. . ..4.Hi':

. . . : :  
. _  i i  i . ; i  "

Perrneability

Flguro 33: Macondo neVpay sumrnary tablo,

\/e.t'!i,iqlir i
rY).
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PFf;gtsu$ Wsterru qnd F:Iuld Fr,obertlsg

Ismpena*rc€ {prc" versu€ poe/,l-drtl|
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; t!000
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fleadspace & lsolope (Ras e. rualr .zone).

Figsm S.f; lreadspaoe gs$ indioes

Using the .indtceE
front appeare at,t 7900'
pentane
the

The the wEll (below 1
the verticalther

ldea chsrrge.

lat€falln n*ture.

\tei.si.*n,l

/ 18150'TV.DS'$) haqrrqre a biogenic signeture. lt ls
fignt,does-not paos exacUy hy the rrrrolfbore, glvlng the
eertahly.n vsrliaal ihennogenio front,

115

i i + . F r ' i . : . .  . , . l i l :

The sestion'iiffiltego than 1sf$tdi MD (*17$00'TVDss) hae u strong blogenlc slgnature wjth
somo raro emot4ffip,f,thenng.gldiilc.hydrooarbon. Howevor, it is mainly blogeniogao. The'sand
at 17800! MD (17#l0,,9litTV.#;SS) is a good exsmpfe: it lp mainlV liogpnic mejhar$, but hag A
small amount of ethEntitlftl{d prCIpano comlng from ths thermogpntic charge, This charge waa
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FlaldpruSeriles

gB8

.similar
levelfrorn

By lsoking nt thi
.can deo conolude
The M56F sand (:l
iS56E eands.

" u irni tai molscl*ar-coFF6iil6'r bti'EfimeoG
" no biodq;rarl*tion
" minimaf to no SfJBM crlntflminafion

samphs vlrer'e'

the'three
gor0PPsfflqn,

,,;i4l,i,ii;,
'from-{lrippb 3 fluld samples ancilvrrore analysed for whole
rnrs arg''shown in the Figurc.$6,

w€ qan conqlude that the 3 oil samples have.a very
I is no bjqdegnadatlon and a miFimal contgminaflon

hhd irotube concentrations as,well ,q,o ,th€ isstAFe slgnafurep, we
i8.D, MSSE' and M56F sands are oiland have slmllar componttion-
is oil brd hbs a higher conbnt.of biogentc gas than the Mb6D and

MOT fluld samplos wsie taken 6t thrce depths. Theee are ths yqlumes thal were abtained
during ssrnpllng.

$arnole Depth 2 % uallons :MP$R SPMU
-18CI88'MD 1 4 2
18124'MD 1 qt 'i
18142 'MD 1 o 0

Ver.oion 1 ',lA

, , , i i ' j !  r . , . ,  . . :

Figure 36! ahwnatopns forffie tftffi{ifead orlso*ifilo s deriHd fmrl the tg f/u/cdsaftp/os.

Three.fluid sarnptes wherg 1q**;,ii[$*hs lever of ,ffitfugru,r zone: onp sarnple in rhe Ms6D
cand"{qpper. $l#g,lqg#iJ:8086r'ftlp:lil,itzse9' T.vDs$), and z earnptee in'tha M06E sand(mlddlir sand to.Fsllai,4$9{41:fiirct.1B,lrfzr+frilbsl taoS"Z,and iSoo5,TvD$.$),
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The three eamples.wgre tested offshore for quallty a$$urance. The reeults fr.om ,a rtingle flash
are $ummarized betow,

$ample
Depth Contamlnatlqry

GO$rLiquld
Rat,io

{scfibfb)

Liq.uid
Apl

Gas
Gravity

Ite$eruoir
.Pre$5ure

(osi)
TsmperatLrr€

TF)
18CI86'nnD 1.2ull-6/x $017 34.9 0.7823 1||841.04 241.9
18124'MD <1,0 vVt 7u 2s0s 34.7 0.8050 11850.41 n2,3
18142'MD <1,0 wt % 2840 35.0 0.7837 1{ 855"88 242,:B

Aftar'sample$ uere brought bapk te shorc, Jhe MPSR$ Wrsrs reslored for 5 days to reservqir
pnnssure and temporaiure, ,+.

Frsm flash liquld oornposltlon allfireo zonee are the eame

o\ .@ d .s^",f dF d o+ dF.$ rJe ,f .B ./- .$ .I' .f 
"$qsmpo.rsnt

Figutfl. 37': Ftash tiquid t#in pa*ifbn co.mpaa:$on.

Pencor qondueted ths lnltlal 'test sf the fluid at 1814?' MD, Tho saturation presegrp was
dotermined ts he 6604 psi, The liquid volume pepent lnoreased helow the eaturatlon prts$ssre
ryhlph rnakes it a de.wpoint system ineload d a bubblepnint system. From LFA reeords rjuring
:MDT.eampllng jt was debrmined thls was an oij gystem. Therefore we.had a:n MP$R sample
genl to a separate lah, Schlutrtborgar Oilphase, to .Qonfrrm or dony"lhe sygtenr and raturation
preseurc. Oilphase had a satumlion prossure of 6348 pal and saw llquld volume decrease
below tho saturation pressure r.naking lt a bubblepoint system. A thlrd lab, Wee{port, w68
selooted to cpnflrm the bubblppoint systgrn, Thelr analygis detennined it ie a bulrbiepolnt
system .and the ealuration prcss'ufe is 6438 psi. Below ie .q'pummary of the qnalype.s .conductsd
bythe lahs for sanrple at 18$4?' MD thus far on May 24,2Q10.

V'eilsinrr'l' 37
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