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From: David Bamett

Sent Monday, May 31, 2010 L0:01 AM
To: Mazzella, Mark; Mark.Patteson@bp.com
Cc: David W Moody; Michael W. Allen; Dicky J. Robichaux; William Burch; Christopher J.

Murphy;Pat Campbell
Subject Top KillSummary
Attachments: WWCl_PM_Top_Kill_Ops-Summary_31May10.pdf; imageOOl jpg

Please see attached summary of top kill operations implemented last week.

Look forward to discussions about these procedures, lessons learned, etc. soonest.

Regards,

Devid Bamett
Wild Well Control, Inc.
Vice llesidurt Engineefug Services

dbamefiAwildwell.com . wut.uildu'ell.com
281.7M.4700 phone . 281.784.4750 fax
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OperatoE:BP GoM Deepwater Exploration l well Name:I Macondo一 MC252#1

Date:   :31M町 2010          1 Time:    :lo:oo hrs
i       ;

TO:   :Mark Mazzella        l From:   :D Bamett

CC:

SubieCt: Summary & Conclusions From Top Kill Efforts 26 -28 May 2010

Executive Sumlnary

The obiect市e Ofthe top kin operation(denned in BP document 2200‐ T2‐DO‐PR‐4100)waS tO
hydrostatically control the MC 252#l by creating enough frictiOn pressure ttough the BOP Lak

point(s)to match and then overcome shutin pressure This would Jlow inieC饉 On ofttH mud into
the blowout weH which wOuld be followed by cement to establish long tellllisolation lf

su∬icient pressure could not be generated by pumping alonc(ie.,indicadng thatthe leak path

was too large),a vanety ofb五 dging mate面 al would be ittected intO the now stream using

surface and subsea mounted manifolds.

The crew that would be stationed onboard the Q-4000,HOS Centerline Φump&mud storage
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the exlstence of restrictlons at vanous points a10ng the BOP stack were identifled and

characterized to the extent possible.

TheresultsofthediagnosticswerethattherewasverylittlerestrictionofferedbytheShearBlind

Rams(SBRs),the Upper Variable Bore Rams(VBRs),the Casing Shear Rams(CSRs),cither Of

the spherical BOPs(annulars)orthe kinkin the Deep Water Hodzon Hser ① ⅥヽH riser)

Once pressure was applied to the upper VBL the■Ow path through that ram was dbviously

decreased― initial diagnostics cOnfl11lled thatit was not possible to keep up with the hydrostatic

u‐tube at 6 bprn but after applying closing pressure a positive pump pressure was lnaintalned at a

rate of 2 bpm
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Diagnostics indicated that there is something in the Upper VBRs - most likely drill pipe but
could be casing, hanger, debris, well solids or any number of things. [n the end very little was

learned from the diagnostics and remaining unknowns include:

o Flow path up the wellbore - one or more

o Geometry of flow path through surface equipment

o Production rate & proportion of oil, gas, water & solids

o Location & extent of bridging in the subsurface flow path(s) and/or surface equipment

o Amount of draw down and pressure response of reservoir (modeled but real data

unavailable)

Several attempts were made to subdue the well by pumping over 28,000 bbls of 16.4 ppg

inhibited WBM at rates up to 78 bpm and pump pressures in excess of 10,500 psi. Numerous
bridging material was deployed. The material used in attempts to bridge the flow path through
the BOP consisted of items that have proven successful in similar operations plus numerous

other items identified via full scale testing and commercially available bridging material
purchased from a specialty vendor in UK.

While there were some indications of pump & BOP pressure reductions which provided some

measure of encouragement during the procedure, it ultimately became obvious that the top kill
method was ineffective.

Gven the lack of response while pumping very large bridging material (as large as21/i'
diameter), it is apparent that the geometry of the pathway(s) inside the BOP is quite large. One of
the most discouraging signs was the re-appearance of oil in the flow stream at the riser kink
within only a few minutes of pumping several thousand barrels of mud at very high rates. This is
a strong indication that the mud is either being expelled from the top of the BOP, or at least not
being injected into and moving downward through any of the flow paths between the BOP and
the flowing reservoir.

It is not practical to pump at rates suffrcient to create enough friction to cause mud injection into
the well. If a2 Yz" sphere will pass through the flow path, an incredibly high flow rate would be
required to even equalize surface shut in pressure. Additional pump rate would be required to
cause fluid injection at any appreciable degree.

Unless some means can be devised to decrease the area of the flow path (i.e., crimping or more
aggressive bridging material) it is considered extremely unlikely that further top kill operations
will be successful in controlling the well.
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Diagnostic Procedures & Conclusions

All of the diagnostic operations involved pumping at modest rates - maximum 6 bpm. A
schematic of the DW Horizon BOP stack is shown in Figure 1.0 and the data obtained during the
diagnostics procedure can be found in Appendix A.
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Figure 1.0 - BOP Stack
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Table A.2 - Upper Kill Line (IKL)

lnitial pressure with UKL valves open was 3,674 psi (BOP) & 2,860 psi (KL) Pumping at
rates up to 6 bpm failed to keep up with u-tube rate into BOP. Took 14 bbls to fill riser after
UKL valves were closed.

Table A.3 - Lower Kill Line (LKL)

Initial pressure when LKL valves were opened was 3,494 psi @OP) &3,684 psi (KL).
Positive pressure was maintained at2 bpm, 4 bpm and 6 bpm rates indicating that the leak
geometry was much less than that encountered through the UKL. Pressure was encountered
immediately upon closure of the KL valves indicting that the riser was full (as expected due
to positive pressure throughout the procedure).

Pressure increase at the BOP gauge was insignificant (3,51 I psi vs 3,494 psi) at the highest
pump rate implemented - 6 bpm. KL pressure also showed a modest increase at 6 bpm -
3,739 psi vs original 3,684 psi when LKL valve was first opened.

Conclusions from the LKL diagnostics were that the leak path found while pumping under
the VBRs and CSRs was much smaller than that encountered while injecting through the
lrKL - under the SBRs.

Table A.4 - Upper Choke Line (JCL)

Initial pressure upon opening the UCL valves was3,282 psi @OP) and3,274 psi (CL). A
total of 164 bbls were pumped through the UCL at rates up to 6 bpm. Pressure indicated that
the maximum rate (6 bpm) did not keep up with the u-tube rate through the BOP stack
caused by the hydrostatic imbalance of seawater versus 16.4 ppg mud. A volume of 8 bbls
was required to fill the riser after closing the LCL valve.

Conclusions from the UCL diagnostics were that the restriction observed while pumping into
the LKL (previous procedure) were not present while pumping into the UCL. This indicated
that the restriction was in the lower VBR and not in the upper VBR or CSR. UKL diagnostics
had already confirmed very liule restriction through the SBRs.

Note: At 13:40 hrs on Wednesday May 26th,the pressure on the upper VBRs was increased.
Diagnostics were then repeated with the following results (Table 1.0)

Table 1.0 - Comparison of Rate vs Pressure Through UCL Before & After Applying
Pressure to Upper VBRS

Date
Rate

(bpm)

Pump
Pressure

rDSi｀

BOP Pressure
(psi)

CL Pressure
(psi)

5/25/10 2.0 32 3,269 3,237

5/26/10 20 516 3.731 3,679
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Table A.5 - Lower Choke Line (LCL)

lnitial pressures upon opening the LCL valves werc3,412 psi (BOP) and3,673 psi (CL). Pump
pressures were positive for all rates (2 bpm up to 6 bpm) and the riser was full at the end of the
procedure.

LCL diagnostics were, as expected, very similar to the findings from the LKL .Each diagnostic
procedure indicated that there was a restriction ttrrough the lower VBRs. A side-by-side
comparison of the rates & pressure while pumping through the upper and lower choke and kill
lines is shown in Table 2.0.

Table 2.0 - Comparison of Rates & Pressure (Lower C/K Lines Vs UCL)
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Kill Operations & Results

High rate pumping commenced Wednesday moming, May 26s at approximately l3:00 hrs. As
mentioned in the diagnostics discussion, closing pressure was applied to the upper VBRs prior to
implementation of the kill operations. This changed the flow path through the BOP stack
resulting in more restriction through the upper VBRs as evidenced by positive pump pressure
while injecting into the UCL.

Kill Attempt #l (26 May l0)

After final preparations and diagnostic pumping during the morning of 5126, the test rams were
opened and high rate pumping commenced through the lower choke and kill line at
approximately 14:00 hrs. No bridging material was pumped during the initial kill attempt.
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Figure 2.0-Kll Attempt No。 l Recorded Data
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Pump rate was very erratic during kill attempt #1 due to start up difficulties with the two
pumping plants (Halliburton pumps onboard HOS Centerline & BJ Blue Dolphin stimulation
vessel). After approximately 6,500 bbls pumped at rates above 40 bpm (and up to 76 bpm at
times) the pumps were stopped to assess the flow from the BOP. It was obvious at that point that
the well was still flowing hydrocarbons.

For the most part, pump pressure and BOP pressure tracked up and down with the varying pump
rates.

Kill Attempt #2 (26 May l0)

Kill attempt #2 took place between l8:30 hrs and 20:00 hrs on the evening of May 26ft. During
that time 3,600 bbls of 16.4 ppg mud were pumped through the LCL & LKL at fairly consistent
rates of 50 bpm. It is apparent from Figure 3.0 that nothing of value was accomplished during
this procedure.
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Kill Attempt #3 (26 May l0)

Shortly after the end of kill attempt #2,krll attempt #3 was initiated. This procedure consisted of
pumping into the UKL while injecting frac balls and bridging material at the surface. As soon as

an acceptable rate was established into the UKL, 100 x718" frac balls were released and pumped
down hole. No response was noted when the frac balls reached the BOP stack and no frac balls
were observed exiting the DWH riser at the top of the BOP stack. It was later discovered that the
first bridging material launcher malfunctioned. The result was that the material in that launch
plus all subsequent launches were not be released as first thought.

There was a period between 3,725 bbls & 3,825 bbls where pump pressure steadily decreased
while BOP pressure and pump rate remained constant. It is unclear why this happened - it is
possible that some erosion of the restrictions was taking place. This is the first instance of
pumping at high rate through the UKL (i.e., directly under the SBRs). There were no indications
of gaining hydrostatic control of the well throughout kill attempt #3.
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Kill Attempt #4 (27 May l0)

Kill attempt #4 was initiated at l7:00 hrs on Thursday May 27h. This procedure was designed to
pump into the UKL and employed aggressive use of bridging material to block the exit path
through the SBRs. A total of 7 shots of bridging material were introduced from the subsea
manifold as well as at the surface, and pumped into the UKL over the course of pumping 2,000
bbls at rates up to 30 bpm. The first of the 7 shots of bridging material was from the 'B' header
of the subsea manifold. The graph of the kill data is scattered due to the fact that the pumps were
slowed to 5 bpm while bridging material launching mechanisms were being activated on the
deck of the Q-4000.
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There is a consistent lag between pump pressure following bringing rates back up to 30 bpm.
This is due to the u-tube outpacing the 5 bpm pump rate during launching of the bridging
material. BOP pressure was essentially flat during the first portion of the operation although it
did indicate a generally upward trend when pump rate remained at 30 bpm for an extended
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period. There were no significant pressure spikes as would be expected if the bridging material
had reduced the exit path geometry.

After pumping 1,441bbls, pumps were stopped while the well was observed for I hour. After the

observation period, another 500 bbls were pumped at rates of 30 to 40 bpm. BOP & pump

pressure increased along with the higher pumps rates.

Kill Attemot #5 (27 Mav 10)

Kill attempt #5 was done through the LKL and involved injecting 9 additional bridging material
shots while pumping at a constant 25 bpm rate. The 9 bridging shots were as shown in Table 3.0.

Table 3.0 - Bridging Material & Arrival Times During Kill Attempt #5

Numerous pump pressure spikes can be seen on the graph of the kill attempt #5 data (See Figure
6.0). These spikes coincide with the launching of the bridging material - not with the arrival of
the material at the BOP stack or at the end of the drill pipe (if assume to be intact and hung in the
BOP).

There is a noticeable spike at 3,595 bbls that does not correspond to the release ofbridging
material or arrival at the BOP/EOT of the previous bridging shot. The closest event that this
spike corresponds with is the arrival of bridging material shot #8 (2" &.2-114" balls) at the End
Of Tubing (EOT - end of drill pipe) which should have occurred at 3,496 bbls.

Fump pressure and BOP pressure both trend downward over the course of the bridging material
injection with the pump rate constant. The BOP pressure reduces from approximately 4,900 psi
at 300 bbls pumped down to 4,000 psi with 3,600 bbls pumped (1,000 psi / 3,300 bbls).

ノθο′′∂

Material
No.

Description
Launched

fbbls〕

ETA@BOP
(bbls)

ETA@EOT
(bbls)

1 275x7/8"frac bans 128 278 578
つ
ん 32xl-1/2''Brinker platelets 645 795 945

46 x Brinker rounded cubes 905 1,055 1.205

4 38 x l" Brinker cubes 1.270 1.420 1,570

5 50 x l-ll8" Brinker spheres 1,634 1,784 1.934

6 230 x l‐ 1/4"frac bans 2,445 2,595 2,745

7 18 x 2" sDheres 2.815 2.965 3,115

8 17x2‐1/4"balis&19x2''balls 3、 196 3.346 3,496

9
77 x2-114" balls, l9 x 2" balls &
5 x 1-112" Brinker cubes

3,705 3,855 4,005
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Figure 6.0 - Kill Attempt No.5 Recorded Data
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Static Pressure Check (28 Ma], 10)

A check was made ofthe static pressures at various points along the BOP slack to compare with
values obtained prior to kill op€rations on May 27m.

Trble 4.0 - Static Pressure Comparison May 27s & May 28th

28-Maヽ '
27‐ Mか

'

CL KL BOP CL KL BOP
Action Open UKL 3464 3655 2御 3_150

Aoion Open LKL 3.618 3,537 3231 3、 137

Actloll ODen G\y'L 2,376 3_531 2,394 3、 137

Action Open UCL 3278 3_531
う
Ｚ

つ
´

Ａ
ψ 3、 131

Actloll Opcn LCL う
´０́ 3.531 3144 3137

Pressures on May 28ft were found to be higher be 200 psi to 400 psi at every measurement point

except the Gas Vent Line (GW) indicating possible ptugging of the exit path through the BOP
stack. The KL measurement made when the UKI was opened on May 27' was determined to be
in error as the gauge did not stabilize before the data was recorded.

Kill Attempt #6 (28 Mav 10)

Kill attempt #6, the last attempt as ofthis writing, was implemented after recording the static
pressures on May 28u. A considerable effort was mounted overnight to rebuild mud stocks to
suffrcient levels to provide every option for a successful kill in the event the well flow could be

subdued or the flow path blocked.

All remaining surface bridging material was launched as soon as the pumps were at significant
rate. Prior to the surfacelaunched bridging material reaching the subsea manifold, the 'A' header
ofthe subsea manifold was opened to release the remaining bridging material.

Once all bridging material had anived at the BOP stack, the pump rate was increased to
approximately 78 bpm where they remained until all available mud was consumed - almost
10,000 bbls in total.

As seen in Figure 7.0, the BOP pressure fluctuated during the kill attempt. It initially decreased

from 5,700 psi to 5,100 psi from roughly 2,500 bbls to around 4,000 bbls then increased back to
5,500 psi at 5,000 bbls before decreasing again berween 5,000 bbls and 6,750 bbls. The BOP
pressure had increased back to another peak around 5,300 psi by the time the pump rate started to
decrease due to low mud stocks (suctions could not draw from tanks).

Once the pumps were shut down, oil resumed flowing from the top ofthe BOP stack within a

few minutes indicating that at least one flow path from the flowing reservoir did not get filled
with any appreciable amount ofmud.
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Appendix A

Diagnostic Data Tables
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Table A.1 - Baseline Measurements - Prior to Pumping

Table A.2 - Upper Kill Line Diagnostics
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747 ω_0 ■512 2811

749 |■ |111111 3,506 2816

17:53 60● 1∞ 0 2772

17:58
`1011

39‐ 3.487 2710

18Ю l 610 l"0 一” ■494 2716 ■52崚髯備I縫想力1動
'd晩

■1■ |■■
=

18:06 1750 錦 3.481 2706

18:10 :60 2000 :391 34% 270tl

34% 2721 Redllce rate to 4 0昧 m atc嵐 (1813 hrs)

2130 一Ｎ
一

3■94 2.706 :,,夕ち
=麟

もご壺
=2iDull薔

腱お11機 |:=i:111111111tl

401 2250 1 34 1 3.494 2695 teduce rate to 2 0硫 m at end(18115h、 )

20 3鴛7 2683
一Ｄ 2320 3,475 2667

1821 2370
"

3,475 2661

1825 2450 一” 3.481 2652 V‐8 co」腱■Юd closed at 1825 brs‐ s皿 脚 四

18:30
一〇一２ 2540 :1,2 1 3´81 2662

18:39 2£ 2580 Ю 3475 2.672

1840 010:| 2720 5∞ :1 3.469 2“6 Shut down / cauqht pressure
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Table A.3 - Lower Kill Line Diagnostics

Tol』

Volullr

rllЫ s、

Ptmp BOP 11:111‐
|‐ |:1.:△PIII::||:||||||

CLIBOP‐
1■ で,さ DIII

KL |‐■BLI‐ ■|

hSs血
:イ晨 ltl

Th

`H:卜

Iヽ

R五tc

イb●mヽ (薇1) rぃ 1、 fい 1) (iorrrrcnts/Note s

1905 0∞ 3394 1738● : 2656 lheckinsimaniglating vahes in rep fm procedure

19:25 025 一翻 3600 527● 4,127 ()KI 、9ヽ官

1931 025 ■0, 3,5“ w,,; 4p88 Э
"n LOKL vB市

e

025 ISXO: 3綱 190111 3684 Эpcn LIKL Ⅷ卜●

17:41 2 KXl 275 3馬 2 鮎 |:|:| 3667 2.O bpn stage

19144 7∞ 1272 3馬 2 ?fi5',; 3667 i“rcasc ntc to 4 0昧 m at19“

“

魅

10 1Xl 3∞ 3“9 2371 3,り6 1.0 bfn strge
19:48 23 CЮ :勢 71 3.456 22311 3679 llcrettse to 6 0 bpm at 25 0 bbls total,■ mped

19150 3000 4671 3.462 ,■年||: 3郷 8 6.Ob口 rn stagc

19:51 40 KXl |:|| |1 4621 3.462 筋 |:::: 3,39

19:53 5000 14501 3500 2ハ 1.:::: 3,盤

1'55 ω 00

`卜

4HЭ  I 3/1)4 235111: 3,29
17:57 75∞ 114451 3450 知 |:||: 37霧
η01 100∞ |`HGX31 3.511 XKllll11 3711 Plmp 15 0 bbls grccnヽ、at 103 bbls to l18 bbls

節07 133∞ 一囀 3.506 201 1 3′り7 Back to inud at 133 bbis

20■ 0 15000 ZF001 あ 3712
20:13 17000 1277: 3450 一鮮

一
3657

211114 173∞ 11ヽ0 3_387 1鷺ゆ ::= 3,596 Closc V‐ 8 at":16 hrs/177 bbЬ

20:17 177 KXl 翻
一

3313 筋 3,519 Pressured up u{pn V-8 closed

Table A.4 - Upper Choke Line Diagnostics

to pressr.re up m insile vafue

V‐5 olliunt‐ shot nlandた 出d(0 1 ЫЫhto

15 bbls g"en■ 1餌 bblS b 119開 s

V‐ l closcd on ini shot manfold
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Table A.5 - Lower Choke Line Diagnostics
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Table A.6 - Gas Vent Line Diagnostics

Total

VolШ lle

rh卜1に 、

Pump. BOP CL KL BL

rinte

rH:、 4、

Ratel

f“ 1)

Pressure

rnA:、 riК nil

ｍ̈
〔●sibl C`〕 {otcs

322 000 3晰 36881 Orcn GVL otfrcr valvc

23:29 100 000 41tal 0.5 bHs o ressure uo to 500 mi
23:30 00 000 3,424 2_828 Opened GVL mnerva市 e

23:32 20 400 ■4Ю 2r'511 2.0 bprn stage

23:[レ

`

・４ 8∞ 酬 433 ,1.0 bprn stage

23139 3000 3』 1 2`ЮO: 6.0 bun staee

23:40 160

“

lXl 1 4 0 3■31 χ 12

2342 ‐601 Ю  ∞ 40 3“7 201
2346 7500 40 3,437 239 3reen dve to sealloor 23:49 hn
23:50 :●011 l∞ 00 40 3.437 節 321

23:55 6.0, , 3000 |:40 妥L(ゝ 111

23:58 |こ0 5000 3425 2617
0:02 7500 19 3.425 一郷
0:03 一■ 80 00 R6 3″5 ,1('111

0:04 12′0 82 ∞ 32 】 31 笏 %

0:07 2,0‐ SЮ  00 32 3425 2517 V‐ l closed CX107 hrs

023 2211 110 3,394 鰤 18

0:_Il 00 23900 1 螂 19 bbls to皿 &口ossure toヌЮ psi
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