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Executive Summary

The ottec」 ve Ofthe top ki‖ operation(deflned in BP document 2200-T2‐ DO―PR-4100)waS tO

hydrostaticaHy control the NIIC 252#l by creating enough friction pressure through the]BOP leak

pdnt(S)tO matCh and then overcome shutin pressure This would a1low inieCtiOn ofkin mud int。

the blowout weH which would be followed by cementto establish long tellllisolation lf

sufflcient pressure could not be generated by pumping alone(ie,indicating that the leak path
・
was too large),a Va● ety ofbHdging mateHal would be iniected into the now stream using

surface and subsea mounted manifolds.

The crew tha would be stttioned onboard the Q-4000,HOS Centenine(pump&mud storage
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hoses beい″een the riser and the BOP was compl(
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the cxistencc of restrictions at va● ous points along the BOP stack were identifled and

characterized to the extent possible

The results ofthe diagnostics were that there was very little restriction onbred by the Shear Blind

Rams(SBRs),the Upper VaHable Bore Rams(1/1BRs),the Casing Shear Rams(CSRs),dther Of

the spheHcal BOPs(annulars)Orthe kink in the Deep Water HoHzon Hser(DWI‐ I Hser)

Once pressure was applied to the upper VBR the flow path through that ram was obviously

decreased― initial diagnostics conf1111led thatit was not possible to keep up with thc hydrostatic

u―tube at 6 bpnl but after applying closing pressure a positive pump pressure l〃 as Fnaintalned 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. In 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 fulI scale testing and commercially available bridging material
purchased from a specialty vendor in IlK.

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 as 2 t/2"

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 sufficient to create enough friction to cause mud injection into
the well. lf 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
schematic of the DW Horizon BOP stack is shown in
diagnostics procedure can be found in Appendix A.

modest rates - maximum 6 bpm. A
Figure 1.0 and the data obtained during the

Figure 1.0 - BOP Stack
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Table A.2 - Upper Kill Line (UKL)

Initial pressure with UKL valves open was 3,674 psi (BOP) &
rates up to 6 bpm failed to keep up with u-tube rate into BOP.
UKL valves were closed.

Table A.3 - Lower Kill Line (LKL)

2,860 psi(KL)Pumping at
Took 14 bbls to flH Hser after

⌒

Initial pressure when LKL valves were opened was 3,494 psi @OP) &.3,684 psi (KL).
Positive pressure was maintained at 2bpm,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
IIKL - under the SBRs.

Table A.4 - Upoer Choke Line fIJCL)

Initial pressure upon opening the UCL valves was3,282 psi (BOP) and 3,274 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 filI 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 \{BR and not in the upper VBR or CSR. UKL diagnostics
had already confirmed very little 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 20 32 3.269 3.237

5/26/10 2.0 516 3、 731 3,679

J"′ι′″θノ′εο′?rroノ f77ε イグ′8

⌒

Confidential

PRIVATE AND CONFIDENT:AL

WW‐MDL‐00022604



ヘ

⌒

Project Memo

Table A.5 - Lower Choke Line (LCL)

Initial pressures upon opening the LCL valves were 3,412 psi (BOP) and 3,673 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 through 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/I( Lines Vs UCL)

P,+.np 
,

Prtssurt
(osi)

BOP
Pressutt

(pSi)

CLII

Rate

(bpnlp

Pltssult

'(DSi)●
2751 3462 3てて7

2721 3462 ‐
3:667

3": 3.469 ‐
31706

3471 3_456 131679
一４ 3,462 1317381

‐4621 11173,「

31728

6.0

`40
3,494 ‐317291

445 13;723

400‐ 3,511 31711

31707

‐41D 3、487 31712

2η 3:657

1501 315961

一一一一一

BOP
Pressure

(DSi)

■liCL■■

PFeζζul・e

‐■イDSiヽ■|

‐

‐
P"ⅢⅢⅢ BOP

Pressure
一」一納

く．』．

Ratc

rbOm2Rate
(bnm) |(|ISil■ | rDSn 一〇 3.269 312371

357 3_436 31728 3262 131231

460, 3.449 一ン
一

3.237

1545: 3,463 :3:823‐ 3.268 3127141

5401 3,462 13:7461 ■40=| 31302

52‐511 3.456 3‐ 72,: 3,337 31351

48411 3,412 1与 321: 3、325 |:,381

3,511 ■31715 3.437 一６

‐■801 3.518 131762 3,475 ,i37イ

6.0 ‐4751 3,525 131781 3,462 31,`19:

3_506 31773 3、425 3:358:

‐31717 3394 3337
12401 3・156 3(79 3_304
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Kill Operations & Results

High rate pumping commenced Wednesday morning, May 26th 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 l4:00 hrs. No bridging material was pumped during the initial kill attempt.

7000 :

6000 1

0 1

0

Total Volume pumped ibblS)

Figure 2.0-■311 Attempt No。 l Recorded Data
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Pump rate was very eratic 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 ffacked up and down with the varying pump
rates.

Kill Attempt #2 (26 May l0)

Kill attempt #2 took place between 18:30 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 10)

Shortly after the end of kill attempt #2,klll 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 x 7/8" 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 u,as 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 10)

Kill attempt #4 was initiated at 17:00 hrs on Thursday May 27il'. This procedure was designed to
pump into the LIKL 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 rnaterial 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 Q4000.

3500

3000

200

:

1400

Figure 5.0 - Kill Attempt No. 4 Recorded Data

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 t 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 Anempt #5 (27 May l0)

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 (Eor - end of drill pipe) which should have occurred at 3,496 bbls.

Pump 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).

Frtノ″iVe〃 Cbrar7・ οノ,I″ε ′θο/′8

⌒

Material
No.

Description Launched
(bbls)

ETA@BOP
(bbls〕

ETA@EOT
(bblsヽ

1 275x7/8''frac balls 128 278 578
う
ん 32x l-1/2"Brinker platelets 645 795 945

46 x Brinker rounded cubes ξ

ヽ
，

（
）

（
ン 1、055 1.205

4 38 x 1" Brinker cubes 1.270 1,420 1.570
5 50 x l-1l8" Brinker spheres 1.634 1,784 1,934

6 230 x l-1/4''frac bans 2,445 2,595 2,745
7 l8 x 2" spheres 2,815 2,965 3.115
０
０ 17x2-1/4''bans&19x2''balls 3,196 3,346 3、 496

9
17 x2-114" balls, 19 x 2" balls &
5 x 1-112" Brinker cubes

3,705 3,855 4,005
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Launch#4  #4AtBOP
3,595 bbis

3000       3500       4000       4500       50001000        1500       2000        2500

Figure 6.0 - Kill Attempt No. 5 Recorded Data
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Static Pressure Check L28 May 10)

A check was made of the static pressures at various points along the BOP stack to compare with
values obtained prior to kill operations on May 27s.

Table 4.0 - Static Pressure Comparison May 27t} & May 28th

28‐Mal 27¨ /ヽ1a、

CL KL BOP CL KL BOP
Actlon Open UKL 3.465 3.655 2.600 3.150

Actlon Open LKL 3.618 3.537 3231 3.137

Actron Open(3ヽ″L 2.376 3.531 2.394 3.137

Acim Open UCL 3278 3_531 3.022 3.131

Action Open LCL 3.562 3.531 3.144 3.137

Pressures on May 28th were found to be higher be 200 psi to 400 psi at every measurement point
except the Gas Vent Line (GW) indicating possible plugging of the exit path through the BOP
stack. The KL measurement made when the UKL was opened on May 2'7th was determined to be
in error as the gauge did not stabilize before the data was recorded.

Kill Attempt #6 (28 May l0)

Kill attempt #6, the last attempt as of this writing, was implemented after recording the static
pressures on May 28s. A considerable effort wai mounted overnight to rebuild mud stocks to
sufficient 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 surfaceJaunched bridging material reaching the subsea manifold, the 'A' header
of the subsea manifold was opened to release the remaining bridging material.

Once all bridging material had arrived 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 backto
5,500 psi at 5,000 bbls before decreasing again between 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 of the 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 of mud.
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Appendix A

Diagnostic Data Tables
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Table A.1 - Baseline Measurements - Prior to Pumping
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Table A.2 - Upper Kill Line Diagnostics
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8:40 2720 500 3.469 2“6 Shut dorvn caught pressure

I,i′′I″θ′′Cο″rrοム′″ο ′5ο′fθ
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Table A.3 - Lower Kill Line Diagnostics

Total
Volurrr
lhhls)

‐
||:||IPump.  

‐|

‐Pttζ S山腱

‐r、 i、 |

BOP
Pttssure

rmi、

●1■ ΔP ‐■|

ICL●‐30P:
■■rぃ :、

||

KL
Pressu℃

ζ
“

:ヽ

', ,8L
P.ressurt'
, '{mi\ '

Tinle

(H:ヽ 1)

IRitOI

rl10rn、 Cjornrrrnts/\otes
9Ю 5 000 10 3394 =738 CheckmgmaniuJlatnq ruhes in nep I'or rocedure
9:25 5127 4_127 Pressure uo asainst LOKL valve

025 :393 3.544 摯 4Ю88 Э
"n LOKL vaⅢ

e

025 一” 1`】Э 3684 Dpen LIKL vahe

3462 一η 3667 2.0 bnm stase

9144 700 1205 3667 lncrcasc rate to 4.0 bpm at l9:tl4 hrs
19:45 1000 390 3_469 237 3706 {.0 bpm stage
19:48 2300 3_456 23 3679 Llcrease to 6 0 bっm at25 0 bbふ total otunpcd

19:50 一筋 3738 6.O bpm stage

19:51 4000 一“ 3_462 277 3.739

19:53 5000 盗 3_728

19:55 440 3494 3.729

17:57 7500

“

5 3450 調 3.723

20111 0000 ‐400 3.511 知  | 3.711 Punlp 15 0 bbls oreen dvc at 103 bbls to l18 bbis

20:07 3300 3707 Back to mud at 133 bbis

20:10 ,000 400 ,つ 、 3712

20:13 70 11Cl 一” 3657

20:14 7300 3387 _●09 3_596 Closcヽ「‐8a120:16 1Ts 1 177 bbヽ

20:17 7700 3313 一筋 3.519 Pressured up when \''-8 closed

Table A.4 - Upper Choke Line Diagnostics

Tot」

bヽlunle

rbbis、

|::|IIPunlplll111

PreSζ ure

l■ rtti、 ‐

BOP
R・cssure

rnsi、

||ICLI■ |

Prett―
|■ rtti、 ■

KL
Pressure

rDSi｀

|IIBIL II

PI・ etζ m・e

l■ rDSi)||

Time

α :NI)

IRite

l■omヽ CorrmcntsAiotes
O IXll 3.381 3Ю

"
Manlpulaml va市 es,Open UOCL Ⅵ 市e

21:07 0∞ 3.425 3657 Prepanng to prcssurc up on inside vah c

21:12 :0:0 O KXl 動 3.300 :41ン 3bse V‐ 5 oniuよ ShOt nlanfoH(0 1 bblS tO presstlre

21:30 :0,0 O KXl
‐30 3.282 31274 Эpen UICL va卜 c

21:32 2∞ 一” 3.269 3237 1.0 bnm stase
21:34 8∞ 37 32の 3231 1.0 bpm stase
21:35 1000 3κ 3237
21:36 2000 40 3268 3274 6.0 bpm stage
21:38 3000 401 3299 3302
21142 5000 85 3.337 3351

21146 7500 3.325 ・３

2 l∞ lXl 3437 3386 ireen dre observed at riser bend

900 3475 3374 Pullped 15 bbls green d■ e104 bbls to l19 bbls

2 3000 3462 3椰θ

5000 3.425 3358
410‐ 5500 3.394 3337

22:00 60 CKl 艶 3.375 33斜

22:03 64 KXl

" |

3414 31172 V‐ l closcd on iullk shot lllai偽 ld

22:06
一〇 7200 い∞ 3.481 3:1,3 3 0 bbls to prcssurc up to 500 psi■ om 32 psi

蒟″″セノ′εο″rraム ルι ′69f′8
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Table A.5 - Lower Choke Line Diagnostics

Total

'ヽolurnc

rbbls、

|||::?ⅢⅢⅢIII

Pitも uヽre

l■ rDSln■ |

BOP
Press鵬

flsn

|=:‐CL ‐

PrellⅢ
Ⅲ■

`愧
n■

△P
CL‐ BOP

rmi、

■IBL■ |

PⅢ‐ssu轟

●イDSi｀■

T誡
(H:｀1)

Ratcll

lfbnmb Comments/Notes
22:25 OЮ 3.413 131657 244

22:26
一〇 500 3螂 4:155 Pressure up against LiCL valve (LOCL vahe open)

22:27 一Ю一〇 一Ю 3.412 3:673 %l 0 3 bbls to prcsmrc up to 500 psi

22:29 ，
４ 3436 131728 292 2.0 bDmstage

22:31 40 460: 3‐鋼9 ‐3:784 4.0 bDm stage

22:35
一６ 250 3_463 131823 6.0 bpm stage

22:37 Ю一６

一
350 540: 3_462 131746

22:38 60 600 3456 3:729 273

22:42 6:01 750 4841 3412

22147 1000 一毬 3.511 131715

22:52 60: 1300 480 3.518 13:7621 244 Pllln,15 0 bbis green d、 c frcln 104 bb卜 lo l19 bbls

22:56 ‘

一
1500 3.525 31781 256

4:0: 1550 31773 267

22:58
一４ 1600 3481 131717 236

22159 一Ю２

．
1640 一斜

一
3456 31679 223

一〇 1680 5001 3■125 31607. Close V-l on ltltt shot manfold

盤 :05 .010 1680 31592 3 bbls to ressure up to 500 psi

IIiノ′″セ〃Cο″″οムカ,ο ′アげ′8
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Table A.6 - Gas Vent Line Diagnostics

Total

17。 lulnC

rbbis、

,':,:Pump Ｐ

一

０

一

Ｂ

一
:■ ‐CL● |

Pltssi・c

l rnsi、■

KL

PressulT

(DSi｀

■■BL■ 1

Pltts壷
● ("iゝ ■

Tinc

α :M)

・R,任 :

fbolnヽ

rm ssu腱

■(psl)・ (pSi) CommentsAotcs
2322 O KXl 3116 36881 frrcn GVL outcr rahc
2329 0∞ 50Cll 3.412 ■1聾 ).5 bbls to pressure up to 500 psi

0∞ 3.424 2828 fpened GVL irurcr vahe
23:32 4∞ 3450 2661 !.0 bpm stase
23134 ４

．
8 CЮ 3_“ 26331 1.0 bpm stage
3000 3431 2x,)01 5.0 bom staee

23:40 411∞ 26112

23:42 5000 3_437 2632

2346 一〇 7500 40‐ 3.437 節 39 3reen dre to seafloor 23:49 hrs

23:50
一〇一６ 1∞ ∞ 一哺 富 32

23:55 一〇一６ 3000 40 3つ5 %‐ 111

23158
一〇 5000 3.柁5 2な,1,|

0:02 '610' 7500 3″5 21616.

4101 猟)lXl ‐3611 325 節 11

0:餌 82 CXl 2596
0107

一〇 9000 25,17 V-l closcd 00:07 hrs

023 一０

一

一２ 22000 3_394 2518
0130 239 KXl 1500 19 bbLs to皿 &resstlre t0 5∞ pЫ

⌒
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