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1 Executive Summary

Table 1-1: Dynamic Kill at the S hallow Intercept {15,914-ft TVDzs) with 11-7/8-in Liner Set
and 14.2-ppg SOBM

Praduction Casing 28 | 12003 14.42 1,400 8,500
Armulus

Production Casing 39 11,730 1410 2,100 12 000

Production Casing + | ¢, 11,570 12.90 3700 18,000
Annulus

Table 1-2: Dynamic Kill at the Intermediate Intercept (17 ,032-# TVD2z) with 11-7/8-in Liner
Setand 14.2-ppg SOBM

Production Casing
Annulus 22 12,880 14.24 1,100 4000
Production Casing 35 12,325 1384 1800 6.000
Production Casing +
Annulus 55 12,504 14.05 2,800 10,000

Table 1-3: Dynamic Kill at the Deep Intercept (17,1328 TVDss) with 8.7 /84n Linsr Set and
14.2-ppg SOBM

g

Producton Casing .
7 scton C 21 12.963 14.48 1,000 2,500
g Production Casing 33 73499 1598 1800 4000
9 mmgﬁm Casing+ | g 12,265 12.70 2,500 6,000
s

2 Introduction

The blowout and dynamic kill simulator used for the primary deterrningtion of the production and
kill rate was OLGA-WELL-KILL and was run by add wellflow AS. The simulator is powered by
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OLGA and has been tailormade for well kil modeling applications. The results and graphs
included in the Append were glso developed by add wellflow AS,

A custom PVT file was developed by add wellflow AS and is based on the molecular composition
of the reservoir fluid sample collected during the formation svaluation logging program of the
MBBE formation. No flow was modeled from the MEY formation nor the MEBBA, MBBEB, or MBBC
intervals.

The Staternent of Requirements (SoR) cbipctive for the dynamic kill is 1o sucoessfully bring the
producing formations under control by achieving an eguivalent mud weight greater than
1260 ppg at the top of the MEBBD formation by using 14.20-ppg SOBM lthe wvirgin MBBD
formation was measured with MDT at 11,8938 psia gt 17 983t TVDssh. The SoR also states that
for the successful isolastion of the producing formastions, 14.20-ppog-equivalent bottom-hole
pressure must be achieved in order to control the highe st possible virgin pore pressure chserved
in the MC 252 #1 well {the virgin MB7C formation was measured with GeoTap at 12,017 psia st
17 7134 TVDss)

For the purposes of celculsting the equivalent mud weights, only TVD depths ars taken into
considerstion. Measured Depths are only of concern when caloulating frictional pressure losses.
To convert between TVDss and the TVD of the various datum,

DD3 has 88 ft of BKB above the mean sea level

Horizon had 75 of BKB above the mean sea level

There is 13 ft of TVD difference.

e Tosimplify, all depths are refarenced to TVDss to help clarify snd unify discussions.

The reservoir productivity data [Pl was supplied by BP to be approximately 50 bblpsiiday.
Baszed on the estimated bubble point of the oil and cslculated flowing bottom-hole pressure, 3
linear inflow performance relationship was used in the modeling to snalytically describe the
reservoir's delivery. The reservoir iniectivity dats (Ell was assumed as 110 of the productivity
{~5 bbifpsi/day).

The simulations are based on the most lkely flow path up the production casing annulus 1o the
seafloor exit. For these models, flow exiting through the 16-in casing rupture disks or various
liner tops was not tsken into considerstion. To defing the worst-case scengrios, no flow
restrictions were placed on the annulus or 8t the subses BOP for the dynamic kil modeling - ie.
flow is unrestricted from the reservoir to the seafloor. Since thers is significant uncertainty with
the blowout flow path, production rate, and flow path restrictions, additional simulations were
performed for the production casing to the seafloor exit as well as a combination of the
procduction casing and annulus to the seafloor exit 1o establish the range of rates required to kill
the well

In order for the dynamic kill to be successful, it is assumed that when the relief well intersects
the MC 252 #1 wellbore, the wellhead has not been capped or the flow has not been shut-in ~
whether by mechanical reans or bridging off by produced solids. It 2 subsea capping operation
does peour prior to the intersection, s dynamic kill cannot be performed and the relief well may
experience significant well control issues due to the shut-in pressure most likely excesding the
rnaximurm kick tolerance. This Dynamic Kill Technical File Note is focused only on the dynamic
kill modeling results and required static mud weights gs outlined in the SoR.

LI
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Thers ie also significent possibility that, prior 1o the relief well intersecting the MC 252 #1
wellbore, a wellhead pressure ssal may be installed providing a flow conduit to a surface
production vessel  There is & separate document, entitled " Production Riser Effect of the
Hydraulic Kill Operation,” which discusses the changes to the dynamic kill operation,
requirerments, and procedures.

The bigge st unkrown vangble of gl of the dynamic kil assumptions is the possibility that
the Macondo MC 252 #1 well is currently flowing through the falled casing burst disks
into the exposed formation just below the 18-in liner shoe. 1t is believed that the casing
burst disks most likely failed by oollapse during the inttial blowout at the rotary table.
There is no evidence to suggest that the Top Kill operations had compromised the disks
during the various stages of the pumping operations. Although a very remote possibility,
simnulations were run nevertheless to evaluate the possible rate of the underground
blowout and required pressure at surface necessary to sustain two exit conditions. In all
simulations with unrestricted How at the seafloor, it is not possible for the two flow path
scenarios o exist simultanecusly {le. the path of least resistance 15 1o the seafloor and
not the exposed formation at the 18-in liner shos).

In order to have two exit points, the subsea BOP pressure needs to be sporoximately
4,500 psi, which s higher than any pressure data that has been recorded to dste.
Although the subsea BOP pressure has varied several imes since the start of the well
control event, it has not exceeded 4000 psi to date. I one were to sssume that the
subsea BOP pressure were to increase for some reason to 4,500 psi, the effect would
recuce the production rate and therefore the reguired dynamic kill rate. The simulations
indcate that approximately 21000 bopd would be produced at the seafbor and
approximately 2,300 bopd would be exiting in the underground blowout.  In order to
dynamically kill the well, 18 bpm of 14.2-pog mud would be required to be pumped. The
higher the subsez BOP pressure, the less oil would be produced at the seafloor and the
iower the kill rate required. Ultimately, if the well was shut-in and the sntire flow was o
exit out the exposed 18-in liner shoe, the production rate would be relative to the
fracture propagation pressure and fluid leak-off until possible broaching coourred, which
iz discussed in detail in the EPT Technical Memo entitled "Potential for 3 broach gt the
18-inch casing shoe in the Macondo well during top-kill operations,” by Dr. Stephen
Willson.

if the 4,500-psi scenario deszoribed above is valid, then once the well is brought back
under control, @ static mud column of 16 5-ppg SOBM from the mud ling to TD is not
possible without exceeding the fracture pressure of the 18-in liner shoe 112 10-pog-
equivalent mud weight or 5,644 psi with the riser mamgind The 18-in liner shoe had a
measured leak off of 11.55-ppg equivalent mud weight {5,386 psi. When corrected for
the air gap removal, the 18-in iner shoe is good for 1185 pog-eguivalent mud weight, If
the planned static mud weight of 186.5ppo S0BM is pumped after the dynamic kill with
14 2-ppg SOBM and mud is able to exit out of the 18-n Bner shoe, the WMEB7C formation
will be left underbalanced. In order 1o balance the underground blowout and the ME/C
with the ssawater column, 17.11-ppg SOBM is required behind the 14 2-ppg dynamic kil
mud. The underground blowout is not part of the SoR.

The blowout rate estimations by add wellflow as indicated a madmur rate up the production
casing annulus of 42,000 bopd, up the production casing of 62,000 bopd, and up a combination
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of production casing and annulus of 87 000 bopd was possible at the sesfloor.  Agasin, sl
simulations are run for worst-case dynamic kill requirernents, which means no restrictions in the
flow path (e downhole gravel pack, the effects of the wash string, flow choking across the
subsea BOP rams, efc and no undernground blowout.

3 Simulation Results

i

3.1 Shallow Intercept

The esarliest anticipated shallow intercept is the first “pessby” of the onging Maoondo
MC 252 #1 wellbore at 15314-ft TvDss (15,888t TVD Horizon / 16,002-f TVD DD3Z). In this
scenario, an unanticipated interseclion would occur while drilling the 10-5/8-in hole for the B8-7/8-
in casing point at 17,032-ft TVDss (17,107 TVD Horizon [ 17,1204 TVD DD3). The open hole
will be enlarged to 12-1/4-in after the initial bit run. 1t iz anticipated that the 11-7/8-in liner set at
18,1128t TVDes (15,187t TVD Horizon / 15,200t TVD DD3} will achieve a downhole LOT equal
to the Muost Likely Shele Frac Gradient of 14 8-pogeguivalent mud weight {11,540 psi. This
fracture pressure gt the 11-7/8-n liner shoe is assumed 1o be the weskest formation exposed
during the dynamic kill. Since the pressure during the kill is estimated at the intersection point,
the maximum squivalent fracture gradient & the intersection point which cormesponds 1o the
fracture pressure at the shoe is used for comparison. For the shallow intercept, there is B024t
TVD difference between the liner shoe and the shallowest intercept point. Therefore, 592 psi
{the hydrostatic contribution of 3 14.2-ppg column of SOBM) was added onto the 11,540-psi
fracture pressure to vield & maximum-sliowable presswre of 12,132 psi or 8 14.58-po
equivalent).

Although the probability of shallow intercept is extremely fow, thers is a remote possibility of
early collision. There is no possibility of shallower intercept on the first relief well {MC 252 #3)
due o the directional path currently planned and the cone of uncertainty around the target well

In order to displace the hydrocarbons below the intersection point, additional pumping time {sfter
the inflow has been stopped will be required. During this pericd, the hydrocarbons left in the
willbore above the intersection point will be displaced out to the seaficor and the hydrocarbons
below the intersection point will be bullheaded back into the formsation. The pumping time
required to push the remnant hydrocarbons into the formation will depend on the injectivity of
the formation. For the base case, it was assumed thet the El {injectivity datal is approximately
eqgual to 1/10 of the P! {productivity data). Please note that it is assumed in the simulations that
the pump rate stter the initial dynamic kill {stopping the influx from the eservoin will continue st
the same rate. This most fikely will be adiusted tv a reduced pump rate as guided by the
downhole pressure messurement.

311
28-bpm dynamic kill rate with 14 2-ppg SOBM can be pumped into the Production
Casing Annulus flow path and result in a successful dyramic kill of the producng
formations.  The maximum pressure at the intercept point was 12,003 psi, which
indicates that no fracturing of the 11-7/8-in liner shos was initisted. The pumping time to
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312

313

3.2 Intermeadia

stop the reservolr influx took B0 minutes. The volume reguired to displace aff
hydrocarbon in the wellbore was 8,500 bbils.

Case 2 - Production Casing

3%-bpm dynamic kil rate with 14.2-ppg SO0BM can be pumped into the Production
Casing flow path and result in 3 successful dynamic kill of the producing formations. The
maximum pressure at the intercept point was 11,730 psi, which indicates that no
fracturing of the 11.7/B-in liner shoe was inftisted while circulating the casing. The
pumping time to stop reservoir inflow took 55 minutes. The volume required to displace
all hydrocarbon in the wellbore was 12,000 bbis.

Case 3 - Production Casing + Annulus

BZ-bpm dynamic kill rate with 14 2-ppg S0OBM can be pumped into the Production
Casing + Arnnulus flow path and result in & successful dynamic kill of the producing
formations.  The maximum pressure st the intercept point was 11,570 psi, which
indicates that no fracturing of the 11-7/8-in liner shoe was intiated while circulating the
casing and the casing annulus. The pumping time to stop ressrvoir inflow took
60 minutes. The wolume required to displace all hydrocarbon in the wellbore was
18,000 bbis.

te Intercept

A intermediate intercept case was run assuming the 11-7/84n liner shoe was still exposed, but
the intercept point occurred right at the end of the 10-58-n x 12-14-n section at 17,032t

TWlse,

In similar fashion as above, the fracture pressure was moved down to the intsreept

point, which is 20208 TVD deeper. Therefore, 1481 psi was added onto the 11,540-psi
fracture pressure, giving 8 maximum-aliowsable pressure of 13,031 psi {or an equivelent of
1464 ppg.]

321

Case 4 - Production Casing Annulus

22-bprn dynamic kill rate with 14, 2-ppg SOBM can be pumped into the annular flow path
and result in 8 successful dynamic kil of the producing formations,  The maximum
pressure st the intercept point was 12,880 psi, which indicates that no fracturing of the
11-7/8-in lingr shoe was initisted.  The pumping time to stop reservoir inflow took 50
minutes, The volume required to displace all hydrocarbon in the wellbore was 4,000 bbis.

3.2.2 Caseb - Production Casing
35-bpm dynamic kill rate with 14.2-ppg SOBM can be pumped into the casing flow path
and result in & successful dynamic kill of the producing formations. The maximum
pressure gt the intercept point was 12,325 psi, which indicates that no fracturing of the
11-778-in liner shos was initisgted while circulating the casing. The purmping time to stop
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mservolr inflow took 55 minutes, The volume required to displace all hydrocarbon inthe
wellbore was 8,000 bbis,

3.2.3 Case 6 - Production Casing + Annulus

55-bpm dynamic kil rate with 14 Z-ppg SOBM can be purmped into the casing flow path
and result in 8 successful dynamic kil of the producing formations. The madmum
pressure at the intercept point was 12,504 psi, which indicates thst no fracturing of the
14-78-in liner shos was intiated while circulating the casing and the casing annulus. The
pumping time 1o stop reservoir inflow took 50 minutes. The wolume required to displace
all hydrocarbon in the wellbore was 10,000 bhis.

%

3.3 Deep Intercept (Planned]

The planned deep intercept of 17,132-8 TVDss {17,207-ft TVD Horizon 1 17,2208 TVD DD3) has
been modeled gssuming the DD2 has successfully drilled the 10-58-in x 12-Y4-in hole saction
and cemented the 8-7/8-in finer in place. in this scenario, the planned interse ction would occur
while drilling the 8-Y2-4n section towards the original MC 25241 9-7/8-in open hole and into the
7-in production casing. This intercept depth is above any exposed hydrocarbon formations thet
may or may not have been originally isolated. It is anticipated that refief well 8-7/8-in finer set at
17 0324 TVDss (17,1071 TVD DD3) will achieve a downhole leak off test equal to the Most
Likely Shale Frac Gredient of 15 l-ppg-equivalent mud weight {12,442 psii.  This fracture
pressure at the 8-7/8-in liner shoes is assumed to be the weskest formation exposed during the
dynamic kill. In similar fashion as above, the fracture pre ssure was moved down o the intercept
point, which is 100-f# TVD deeper Therefore, 74 psi was added onto the 13 442-psi fracture
pressure giving a maximum allowable pressure of 13,816 psi {or an eguivaent of 15.09 ppg)

331 Case 7 ~ Production Casing Annulus

2 1-bpm dynamic kill rate with 14.2-ppg SOBM can be pumped into the annular flow path
and result in 2 successiul dynamic kil of the producing formations. The madmum
pressurs at the intercept point was 12,963 psi, which indicates that no fracturing of the
9-78-in Tiner shoe was initiated.  The pumping time to stop reservoir inflow took
50 minutes. The volume reguired to displace all hydrocarbon in the wellbore was
2,500 bbls.

3.3.2 Case 8 — Production Casing

33-bpm dynamic kill rate with 14.2 ppg SOBM can be pumped into the casing flow path
and result in a successtul dvnamic kill of the producing formations.  The maximum
pressure at the intercept point was 12,489 psi, which indicates that no fracturing of the
3.7/8-in liner shoe was initiated while circulating the casing. The pumping time o stop
reservolr inflow took BB minutes. The volume required 1o displace gl hydrocarbon in the
welibore was 4,000 bbis,
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3.3.3 Case 8 - Production Casing + Annulus

80-bpm dynamic kil rate with 14.2 ppg SOBM can be pumped into the casing flow path
and result in 8 successful dynamic kill of the producing formations,  The maximum
pressure at the intercept point was 12,265 psi, which indicates that no fracturing of the
9-7/8-in liner shoe was initisted while circulating the casing and the casing annulus. The
pumiping time to stop reservoir inflow took 50 minutes. The volume required o displace
alf ydrocarbon in the wellbore was 6 000 bbis.

.
=i

3.4 Corntingeney Modeli

A contingency case was also established addressing the very unlikely svent that seawater would
have to be pumped down the relief well due to lack of SGBM mud availability on the DD3.
Simulations were performed to determine the dynamic kill reqguirement using seawster as s kill
fiid and are shown in the table below.

Production Casing Annulus
2 Production Casing 82 84 80
3 Production Casing + 120 125 180
Annulus

As expected, the loss of hydrostatic pressure by using seawater vs. 14.7 ppg SOBM resulted in
significantly higher kill rates. The rezults show that while the dynamic kill with seawsater is
possible for some of the cases from the primary Kill vesse! (DO3), the seawater glone is not
sufficient for establishing the equivaient mud weight as outlined in the SoB. In essence,
pumping seawster is only an intermediate step prior to follow up with 3 SOBM 1o balance the
e servolr pressure,

Please note; Seawster will only be used o temporarily reduce the flow from the reservoir and fill
up the rehef well to prevent hydrocarbons from propagsating up the reliet well, A minimurm pump
rate o avoid gas migration is in the order of 19 bpom depending on the current relief well
configuration and BHA,

3.5 Contingeney 7-5/

35.1 Rationale

A 7-5/8-in contingency liner has been made optional for the unlikely event that the 8-7/8n liner
does not reach its anticipsted setting depth of 17,0324t TVDss (17,1075t TVD DD3I either
because of mechanical difficulty or because the 11-7/8-n liner does not reach its anticipsted
setting depth, or that the 7-58-in contingency liner is required in order to perforate into the
existing 7-in production casing. The downsizing of the casing has no impact on the required
dynarnic kill rate for any of the three scensrios described above. In order 1o drill out of the
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7-58-in contingency liner for hydraulic communication, a8 4-3/4-in BHA with 8-1/2-in bit size and
3-12-in x Bin x B-7/8-in drilistring will most fkely be used and therefore resull in significantly
higher surface pressures to deliver the same dynamic kill rate.

Note: The resulting increase in surface prezsure will 3lzo greatly affect the casing load,
which may need to be revisited prior to starting the dynamic kill.

W the 7-58-in liner 15 required to oeate hydrasulic communication by perforating into the 7-in
production casing, it 1s believed that 3 tubing-conveyed perforating (TCP) system of 4-in-high shot
density (HSD} perforating quns would be run on a 3-Y2-n x Bin x 57/8-in drillstring.  Agsain, the
downsizing of the casing has no impact on the required dynamic kill rate for any of the three
scenarios described above. However, the resulting incresse in surface pressure because of the
perforation tunnels and reduction in annular capacity will also greatly sffect the casing load,
which may need to be revisited prior starting the dynamic kill.

3.5.2 Static Mud Weight Requirements

3521 Macondo MC 252 #1 and #3 Well Data
The following data has been incorporated into the hydrostatic pressure calculstions that follow:

MC 282 #1 mudline gt 50687-1t TVD Horizon, 4 992 TVDss

WC 252 41 water depth 4,892 TVD {754 air gap)

Seawster density is B.55 ppg or 0.445 psifft

MC 252 #1 topof BOP stack at 4 926-% TWDss (68 ft sbove ML)

MC 252 #1 M57C Gaotap 14.20 ppge (13,017 psil at 17 B35 TVDss

MC 252 #1560 MDT 12.65 ppoe {11,838 psi) at 17,993/t TVDss

MC 252 #1 MBS reservoir Hluid density 5.2 poge (OLGA WKL

MC 252 #1 0564 MDT 13.06 ppge (12,038 py) at 17,721t TVDss

WMC 252 #1 MBBE base loss zone 14.56 prge st approximately 18,1744 TvDss

MC 252 #1TD at 18,2744t TWDss

MC 252 #1 LOT at 18-in shoe st 88944t TVDss is 11.65 ppoe (5,387 psi

MC 257 #3 estimated LOT at 11-7/8-in shoe at 15,112-ft TVDss is 14.6 ppge (11,473 psij
MC 252 #3 estimated LOT at 9-7/8-in shoe st 16 912-7t TVDs= is 15.1 poge {13,279 psil
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Appendix A: Figures and Plots
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FHgure 1: Sketch of flow path for flow inside production casing to seabed
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Figure 2: Sketch of How path for fow in production casing annulus to zeabed
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Figure 3: Sketch of flow path for Sow inside and outside production casing to seabed
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Fogure 4: Pore pressure and fracture pressure across openhole section below 9-7/8-in
casing of MC252 #1 well
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Inflow Performance Relation
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Figure B: inflow from the three oil zones 3= 3 function of lowing bottom hole pressure.
Permeability= 300 mD, 86-ft Net Pay, Oil GOR= 3000 SCF/STB, Oil density 35 AP
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Figurs 6: Relief well configurations at intersection with 13-5/8-in set or 9-7 /8-in liner set
prior to intersaction
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Figure 7: Sketch of relief well pumping operation
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Figure 8: Riser margin ~ density requived for static kill
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