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Draft—Work in progress. Not all information has been verified / corroborated, Subject fo raview in fight of
adiditonal iwtormation or analysis.. '

Scope of this-document: _ L L

~ This repoit is to support conclusions made in several Engineering Critical Factor Conclugions and any

| ‘Gthet data relevarit to the cementing analysis. Thisreport will provide details about calculations for the

. cement analysis ini the event a fiture engineer fieeds to. understand the BP excel spreadsheets used.

- for cement analysis. '

- Summary and Conclusions
‘The cement job was pumped as planned,

- 1377.6bls of mud was pumped after converting the float equipment, whish would placeany -
hydrocarbons above thie wellhéad after cementing operations: Theishoe to wellhead volume =1108
" bbls and the shoe to RKE voluma=2764 bbls, The volumes pumped eliminate the possibility of
trapped hydrocarbons in the antillus or welthead that were there prior to pimping thi cement job.

Operations wentwell however the float collartook 9 attempts to iy to sohvert frofrthe aperifothe
closed position. It is possivle that the floats never converted. A separate investigationis looking into
this issus. The'top plug was bumped at 1150 psi (750 psi over final circulating pressure). ‘Pressurg
wag bled fo U psiand 5 bbls was reported bled back o check the floats.. U-tube pressureiwas~ 21 psi
therefore | would be difficult to test the floats with close to zero u-tube pressure..

* The actual displacement valume of 885 bbls indicates that the plug Blimped st the correct volume when
considaring up o 13 bbls of compression accurred with the synthetic oil based miud at this depth.
“Theeretical displacemant without mud compressionis 878 bbls {7 bbls less than actual), .
- Displacements indicated by plug pressure increases across the 77 X 6-7/8" crossover indicate'that the
- yolume of cement between the top and bbttom plug had a slight vatignce from plan (actiial =54 bbls'vs
~ pian =60:4 bbls). :
A separate documient sholild b referenced for 158t returns analysis. In summary no losses were

 observed during displacement and only 0-3 bhls of cemient were likely lost (Dased on pits volumes).

Displacervient calculations indicate triat 7 bbls'of class H cement are in the shoe Irack outof a 7.bbls
capacity. The shoe did not have @ floatand it is possible that rat hole mud (1 4.17 ppg ESD) could have
swapped with the 16.7 ppg class H cement in the shoe track, Jf this occurred a wet shoe track would

be possible. No pill was spotted inthe rat hole during the clean out run prior 1o casing runining.

6 centralizers were reported run, which did.not cover the shallowest hydrocarbén’zones. Based o pre-
~plan simiutation analysis (Aprit 18threport) there could have beenchannging above the 10p centralizer,
. which sould féduce the quality of tement and increase the top of cerment. The drilling team was only’

- aware of the 13.01 ppg sand (17788 prior to the cement job and designed the:top of cement assuming

' thiswas the shallowsst hydrocarbor sand.. The 14.15 ppg sand (17451') was identified in postwell

- ‘operations.

' Excluding the fransition time of the cement, the first time the wejl was ‘Urider Balanced was during e

. nhegative test. From centent placement (4/1920:37) to the negative test (4/20 17:00) was ~20 -hrs. The
‘urfoamed 16,74 ppd base shurry hias a 2,301 psi compressive strength after 12 hrs per the Halliburton
Jab test dated Aprit 12, 2010, ' :

 Specific Data or Information Gaps: TE v e o
. A cement bond_'go'_g may have indicated actual top-of cenent depth and the extent of channgling. - .

' Returris to-tiie cerment Uit aré not recorded and therefore-cemertt refurns while chiacking floats cannot
. be-canfirtmed with digital data..
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Oraft - Worl in progress. Notall information has been verified / corroborated, Subject to review inlight of -
additional mforman:m or analysis..

‘The lirie volurvie rom the cemant ULt 16 the arill pzpe 51cie eniry t‘ub s no% vaiified w;th acfuat gata T he
plan indicates a line voluré of 3.0 bbls, however it this velume is Tass then the shos track couid be _

‘contaminated with spacer,

Simulations-and lab ests negd to be done to coraﬂrm t%‘a followmg

1) compressive strength of the foam cement-at downhole- conditions

2) testfloat equipment

) testfloat equipment seal rating with low positive :ang negative d;ffeféntsai preswre (f +- 1400
psi}

4) possible swapping of rait hole mud and shoe track ¢amerit

5) HNitrogen migration after pumping cement '

8) Possible cement contamination with hydrocarbon Zone, spacer, and mud.

7) Cement foam stability
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Dratt - Work in progress: Not-alf information-has been verified / corrdborated. Subject o review ift light of
-additionat information or-analysis.
Daily Operation Report - Cement Details per Open Wells

‘Cemerit-operations reported by the daily drilfing report in Opéen Wells have’ the following sequerice.

Cement Operations: {freny Open YWelis opéfations report}
Item Weight Volume Yeld Rale

. ' cff

. o Ppd bb! §8° bpm
basaaif SRS S

spacer 443 - Ay

gpacer. - . 143 B2

Clags H éit iy 4 iEF %
drop dan #1 N

Class H cimt 167 4 17
N2 Foamomt . 348 .48 180
‘Class H ot '

3G B el 448 bbis ohce fosmad
spacer 4z D 3 EbISISEIAGS SUrack NS i cit i 15 walisad
“dropdan #2 ) ’
‘spacer as T 200
‘mid AR - v -k

{3 bbls torglear lines * drop dart+ 17 bbls per DIMS)
with cement unit

43 BhIS o diverier, 3500 psi shetred
“A0 this ta DTD, 3250 psi sheasd

Bottomi dart to diverter

“Bottorn dart ds DTN

nig indization of bottor plug shaar
+00°BH1S 16 divEHer, 3200 psi stisared
108 bbis pufipad, 3400 psi shedrkd

113 Bole, 5300 psi shaatad

fop gan o diverter
Yopdatits DTD

o dasto pliagy
‘svitch to-rig pumps '. ‘
Fiilid Wz 4 3G psisicrate:

“bottar plig e XG
Hanpluy I XQ

-bottory plug Tarided #7
oo plug o land FG

BT bbls o 830 psi
- 523 bhie at 590 Asi
- §73 bbls-at 2932 psi

727 tbls-at 74U psi over ¢ifd press
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-Draft — Work in progress. Not all information has been verified 7 corroborated. Subject to review iy light of

| addifional information or-analysis
&  CementVolumes .
& “Theslight discrepancies from tre Haillburson post well report dated Aprll 20, 2010 V8. analysxa of reat _______
B fime data are fisted here: The main unknown that could change the volumes of lead, faam, and fail is
W the line volume fromthe cément ufiit to the side entry sub on the ¢rifl pipe. The-drilling enginesr
@ reoored thalthe N2 was connected directly t6 the side éntry sab’ therefore no additional ine valume:
Q shoutd be considered from normial cementinig operations:
' The postwell report and dritling engineer's plan Used a3 bbis ;“se voiume whrh has been assumed in
Q }1_hxs analysis. If the line volume is less than 3 Pols ther ftis possibl & that spacer wolild have bedh left in
-Q theshoe track:
7 “The green column in‘the tabie below was tised to calculats-cement tops.
‘Macondo - 7 G-7/8" ,-c;eznehf;}db ' o
Q 18Apr | TOADF 20:00r | B0-Apr Comragiit.
e . HES - - )
< . past
’ : Pran | Didgifal’ report | DiRS
Q : o ) the planiing feam
: ' 1 linevolume assumptivn 3 g 3 7 agsumed 3 bbisdne ol
‘ . sequanne ) bbls hbls: binls “Bols
- . , Gty 111 bBIS repoaed in
Q . i G 3470 1 DIMS:
Q : _2 mud o 8.1 T8
: : 3 base ol | 56, 6.0 7.0
. ‘ A spacer F26 | 780 72:% 72.0
Q‘ 5 5 lead L 4.2 $9
‘ i 6 drisp-bottom dan
- 7 lgad 5.3 40 £ 40
’ 5 _:fba'm Sernent {Hauid base) b
Q g | foam cement figuid base) LR - 383 . )
A : ) o possibla foamt inshog-
‘ : 10 taitf L &3 | 42 &8 48 track
. } possiblz spacer in shoe’

Q i spacer | ol 30 3rp track

s 12 e drop fop dad I )
Q : mER| ... Spacer | | 200 | 381 208 7.2

’; ~ 14 ; “Fiud {oretunin 131.3 1830 133.0 _

= ' R 13 pbis SOBM
Q 15 i :E)j'xi;’d _ffég) i '?'35‘,_0 F2T0 . | compression
® Tota) GemedtVoume | | s1.2 | 524 514 | 510 | NoN2indiuded invel
0 _ {{downhole) Tota) Cement Vourne | | 600 | B18 50,0 80.8 foam =.1.23 x-clgss H vol
& ( ' Shos To wellhead vokme

a : Total Cheuiaiton Vol 1378 = 1109 bols
Q shoe sack (dass H |, 740 44 0 4.0
Q , shoe track (foam omty | 0.0 30 o0 8.0
a : shie frack (spacen | 0.0 0.0 G 3.0
@ B’P Confidential - Macondo Page 7of24 = 97212610 . ;



Draft— Work in progress, Not el information has been verified / corrobarated.  Subject to review in lighf of
‘atditional information or-analysis.

Nitrogen Volumeés : PR .
Using the real tims. cement data 23f 58-s0f (4235 bbls) of mtrogen Wag pumped over 194 msmztas

;Average conditions were 1120 psi, 110 degF, and 1175 scfpr over 19.4 minutes. Using averages
{19.4 min * 1175 scfpm = 22795 scf) the volume is lower than summing the raw data (integrating like -
cafculation}. The post well job report fromithe 20th shows an ihiection teraperature of 110-deg F.

The non-ideal gas law was-used for volume calculations of hitfogen.

le/ _Bxr

’Wnere o
.‘P Prassure {p3|; =xpsi¥ 147
V=Volume.
Z=Compressibility Factor T
T=zAbschte Temperatlre [deg Ram(m} =xdag F+458
T T T Volums of
. Pressure | Teniperalure | Comprassibility N
Event (psi) op Factors i Nitrogen
. ) {bbis)
Standard 0 50 4 4235
Injection 1120 110 1 680.0
TD 13490* 135 1.87 8.8

CONFIDENTIAL

* injection pressureat TD = hydrostatic glug + foction pressures:
** compressipifity factor front Scéhiumhiberger’s Fhandbook.

hjestion volume calcilations: ..
Wne;nzz— 10 _ o R
14.7-psi * 23758 scf 7 (60 deg F + 450 dag F) = {1120 p&i ¥ 1477 psiy’V2 7 (110 deg F+ 459 deg F)

V2= 337 /"3 =60.0 bbls (suifdce injection N2 valume)

surface N2 cement qualx?y 80.0 bbis [ {60.0 +-40.0 bbls) = 60.0% _
The reasonthis volume is: |mpoztcnt is that the active pits‘should gain 50.0 bbis above the base cenient-
volume dug o nitrogen injection. The Zctive systern should gain volume equal to-all the flulds pumped
from the cement unit plus thé volure ofnifrogen.

Dawnhole volume calculations:

Whare 23 = 1.87

V2= 56.8 bbls-{sufface injgction N2 \:o.umc) :

{1120 psi + 14 7 psi)*60.0 bbls /{110 deg F+459 deg F)

+ 459 degF))

V3= 9,84 bbls {downhole. N2 volurie)

downhole N2 cement quality = 9.84 / (8.84 +40. G) = ’§9 7%

(13490 Beid 147 p‘al)*\]? Fit87¢ ms aegF

BP Cotifidential - Macondo - Page & of 24 6122010
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Draft—Work inprogress: Notal information has beer verified 7 corroborated. Subject to review it fight of

-additional informiation of analysis.

Formation Depths
~ .Farmation Tops provided by GOM!

“The 13.01 ppg sand was the shallowest hydrocarmn gand provfcfed to ihe dritting engsneer ng team
‘_‘pﬂor to the'cementjob: The 14.15 ppg said at 17451 was. identified postwell opara&zons

LWe

. Wireling

Sand

Name.

pore

pRg

B

Toyy

bottom. .

tep

botiom

md

md

md

M5B

14,18

174510

rd’

17453.0°

174678

17469:0.

| identified-as hydrocarben June 2010
rnata measured prassure’

MISZC

1845

17634:0

17692.5

- 17700.G

177085

Not hydrocarbon zone per GONt
peirophysical raview

MSEA

13 01

1773840

17790.5

178040

178065

CMET

M5ED

126

- 18051.0

18073.0

18067.0

18089.0

MoT

MISEE

126

- 181040

-1‘8_1_75.0-

15120.0.

181510

MEEF

12.8

: 13201 '3

18222.%

lSZl? g

ig2385

MET

rotmeasured

Note: All datd cormes from BF petwphysmcl review done on 25-M&y-2010.
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Draft — Work in progress.. Not all information has been verified / corroboraledd, Sulbijectto raview i light of
-additional information or. analyses:

Displacements.
Actual vs Theorefical o o :
The real time cement unit pressure data was Used to detérmine if the plugs c:osced known

;oonsmc:tmrxs at correct volumes-of daaplacwment The'table summarizes the volumes vs theoretical.
Compressibility was not considered i the thearafical voiimes,

Displacérents Actuzl

_ theg bottom dar. {60 dad.. comment
laurich 1o divertor 1omes | vis S AN _
vol fram phig te X6 ) 5364 nig . 542 didn't §e& botorn dart at hanger
Vol from X0 1o FC 2032 208 208
ts'tabl"disp{acement . i:) L 287 885

_ Aclugl {net)
; cthee | botomdan | top gan
auneh fo Yivarist 25 4.5
Vol from plag to X0 i . 586
vol fram X0 o FC 28 ] 4.8
totzl cisplacement Ao 8 7. 5
| note: sompressditity can Beup to 13-bbls at this depth with-SOBM, whlsh will aneuidxsp\acemem volur*es
| Eompreasibiliy not sonsiderad here.

Capamfy Céleulations
T calculate the cament volurhes and fopa of fluids the fo[fowmg capacities were used.
Close Ended '

te . Cweight - 1 0D .. Tep | Bottom Lengih Capacity Displacerneat Cap Vol -

o mft wm in R £ f bR Sbiffe bl
Rissr .. . 195 0 5057 5067 0365 0 - g7
L 835 E067 5227 160 0328 IR
16 Casing .97 1a82 - 5237 a1sey 635 0246 - . . - 1375
13-5/8"tiner”  8RZ 12375 -+ 11153 13145 1992 0449 P S 2%
11-7/8" Linef 718 10711 12803 15103 2300 6111 0 - T sk
9-7/8"lner 628 BEZ5 . 14788 17168 Zdns oovz . . i7a
9.7/8"Casing ~ 628 8.5098 0875 5067 12487 varp odv2 - U4%s .
T Casing. 032 8443 7 12487 18304 5817 0037 - 0048
9-7/8"Qpen : N _ ' ; - .
‘Hole ; 9875 | 17168 18111 943 0095 R -
85"OpenHole T . - o 85 18111 18360 249 0070 o - A
6-5/8" DP Ag 8B 0 5057 S057 00272 0.043 . . 138

Note:the 7’" cssmg average meas.ire:i D was 6. ‘§43" iD {APE 5. 094’) and this 9 718 average
‘measured 1D was 8598 (AP = 8.625").

BP Confidéiital - Macondo -~ Paget2of24 < . .- 922010



C(

OP00000000800000000000000005080000000600060500

Draft— Work i progress.. Not all informaiion has been verified ¥ corroborated, Subject o review In ight of

additional infarmation or Analysis.
Volume Ca!cuiat‘mns

- The following volumes were used fof.annulus capacity and displacément VolITAES. QaE;per data was

. ysed forthe open-hole volumes:

S 1 A
“Shoe Track -0.037
. Tathote 0072

7 i:sg X 85" OH Annulds
(gauge) 0023

csg X G-F(ETOR Annuius

(gauge) 0047
7 €8 X {8-1/2"OH) - caliper - 0026
.' Thgsgx (SFIBOH) < calipsr 1 0.057
7t esgx9- et Liner  0.025
C Pesg x T17187 Linar 0.084
© ey x 4358 Liner 001
§.7/8" csgx ¥5-518" Liner 1 0.054
9-7/8% cag x 18" Liner  0.422
C07/8" csg x 22V Liner D23F
ra ‘X(}'t'o FC 0.037
WHD X0 0.072

WHD WG
BB/8 DPOWHD 610272
WH") to RKB{rigar) 0327

il valiime femt bottori 1 whd)

~ bifrrup vol {shoe to RKE}

Length

ft
190
56

183

943
1938.

947
409
1858

o

K o]

1354

5325
180
5627

7420

~BU7E

5087

1109
2764

Vol
‘bal
SR
4.G

44

- agd

538

CURGE
1248

o]
720.1
373

2083
5329
730.1

338.1

1655.7

bls

bils
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Draft—Wark in pragress.. Not all information has been.verified/ sarroborated. .Subject to review i light of
-auditional inforenation oranalysis.
SOBM Compressibility Model (Pré-fob analysis)

TRIR draph thias e extra Volume deeded [u\fr ealtulnted eapwétiyy 1o Gl thé b mdm; Ktnn» and isding e ta
yyntbetie compresdon-at temperature anit bydroctetic pressure {wH s A;;piix»ﬁ tmi‘,m» pressure).

THIE gm;:vz sheﬂsma estm volime. needed w B me pliiy
- Fromd Ino pUsTpy protsu ¥ g bumpon i Rt The hm ’W‘,
© arng the g chser CrieBatec B3 STty capacity

ﬂﬁ!ﬁni HYDRABLES deaxint

BP Confidential - Macoido - Page 14ofz4 ~ - /22010

CONFIDENTIAL ~ BP-HZN-BLY00173441



C

65787 0%

Q0000000000 00000005080000000000000500000090

These calculations for fiuid depths assume no losseb

" Sefuence

o SN R BV O R

bdbt‘d on d%g,l:.al deta {3 b’ﬂ {cernent inas)
Yoi  osses netvol

ToialVolsies . bl bbl bl
‘base oll B -3

SpacEr CFE
ChagsH o B2 T T 52
NiFoam€ml = o 492 00 W82
Cassh . 72

spager 0

spacer. . o 2011

rrud SR & %
miud

Madondo 7" X 917 /8" Cerpidint ol (actusl)

324

(22" Casing,

16" Casing
874

T35/5  Ger

882#

71.5%

9778 tiger
BRE

19-7/8" Casing
B384

n7f e

’:B?-Cr;ﬁf{aéﬁﬁél
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-'ija‘f_{ — Work ifv progress. Not all information hes been verified 7 corroborated, -Subject to review i light of
additional information or analysis.
Cement Placement - fio losses’
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-Draft — Work in progress, Not all information has been verified Y oomoborated. Subject to review inlight of
_:arm'f'fhra information or analysis.

Cement Placement - with losses. . S

3 bbls cement losses were assumed based on pit data o gt
Note: flow data shows 9.7 bbls in'cement fosses, however pit datais consxdersd more socurate

: Vol losses  netvosl
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Diraft— Waork i progress. Not alt information has been verified / corrobiorated. Subject to review in light of
 @ddifional jnformistion or analysis.
Centralizer Placement
Six (8) 10.75" bow spiing centralizer-subs were run. Emails o fhs. opcratfarts téam staté the
. centralizers wére placed on the bottom of the joints. The following centralizer depths have-been
- estimated based on the tally.
| Estimated centralizar mid point
’ C Depth spacing OH Caliper
18209 ¢ 5 85
18255 [ 44 88
18208 48 8.9
18111 g7 89
17972 139 10.2
17874 93 10.4
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Hele Size {in]
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Draft — Work i progress. Not afl informalion has been verified /corroborated. -Subject to review i light of
additional infarmation or analysis.
Cement lost returns analysis

i .

Refer 1o the separate report on called “Cament Lot Returns Analysis_21Jun10.do¢” for details. .
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Draft — Wark in progress. Not-all information tias been vefified 7 corroborated -Subject to review in light of

_additional information of analysis. ’
Bottoms-Up Summary

- Thevslume circilated from tha time the floats Were converted to the time the top plugwas bumped was ™
$377 bbls, which is greater than the bottems up required (1108 bbls) to the wellhead. This confims

_that any hydroearboris in the open-hale prior to cement operations would have been circulated into the

~ risér-above the wellihead. '

el
in T
Cbisy i
- predtcite < 347 16:7-19:23
baseail -7 : :
_spacer 75 _
| cementjob 814
spacer 5t 2105 {begin}
displacement 865 - p0:37:00 end)
Yotal 13774

Calculated Bems Up Vol (bbis)
anlas volure {emt bottom towhd) 1108
bt up vol {shoeta REEB} 2764
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