Blowout Prevention and Relief Well
Planning for the Wheatstone

Big-Bore Gas Well Project
(SPE 174890 — Sep 2017 SPE Drilling & Completions)
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Poll Question

In what region of the world is the project you are
presently working on?
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Wheatstone Geologic Cross-Section
‘Webinars
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Brigadier Formation
~Interbedded sand/shale sequences.

Individual sand body thickness
ranges from a fewcm up to 5m.

Mungaroo Formation
- Channel sands. Individual sand body

thickness ranges fram5m to 30m. o Example Completion Locations

= Brigadier: k, = 1.5 darcies & k/k;, = 0.1
= Mungaroo: k, = 8 darcies & k/k, =0.9
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Wheatstone Well Design
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l L 36" conductor
20" casing

9-5/8" liner tie-back

13-5/8" casing

2100m TVD

3050m TVD gas pay zone top
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Wheatstone Well Design

JJ lL 36" conductor

20" casing

» 13-5/8" casing
2100m TVD

3050m TVD — gas pay zone top
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Wheatstone Well Design

JJ lL 36" conductor What are the
20"
casng ramifications of

this occurring?

13-5/8” casing
2100m TVD

3050m TVD gas pay zone top
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Blowout Rate vs Reservoir Penetration
‘Webinars

1800

Mungaroo formation (k. = 8 darcies and k /k, = 0.9)

100 (K, = 1.5 darcies |and kK, = 1.0)

100, (k, = 1.5 darcies |and kK, = 0.1)

1200

1000 Brigadier formation

Flow Potential (MMscf/d)
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Wheatstone Well Design

l L 36" conductor
20" casing

w 13-5/8" casing
2100m TVD

3050m TVD

gas pay zone top
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Dynamic Kill Simulation Results
13-5/8” Casing Shoe Relief Well Intersection ‘Webinars
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Results

Relief well I = 1.3-1.9Bcfd blowout rate
intersection |
@ 13-5/8" shoe. | |- = 204 — 238 bpm of 15 ppg mud required to
| effect a kill

Issues
* = Three to four relief wells are required:

— Assumes a single relief well can inject 60 -100
bpm of kill fluid




Wheatstone Well Design

l L 36" conductor
20" casing

2100m TVD

3050m TVD gas pay zone top
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Dynamic Kill Simulation Results
9-5/8” Shoe Relief Well Intersection

Results

Relief well = 0.9 - 1.0 Befd blowout rate
intersection i i
b = 99 bpm of 15 mud required to effect a kill
@ 9-5/8" shoe. Ppg q

Issues
= One to two relief wells are required:

— Assumes a single relief well can inject 60 -100
bpm of kill fluid

Maximum Reported

Blowout Well Name BOPType Pumping Rate Fluid Density
(country) (for asinglewell) & Type
AL~ PO —
u r;’fg; ;S) Sé'c')? 43bpm 8.5 ppg water
E 'i’;ﬁ; Sé'c')? 120 bpm 8.5 ppg water
E"czg:zﬁn (His::iiu Q‘B'Z)? success  72bpm 8.5 ppg water
e (;GZY:‘;’ ) Sooe failre  160bpm 85 ppg water
'X“(’ﬁANe‘(’I' - - f{:‘xﬁy) Sé'c')? failure  100bpm 8.5 ppg water
Sheep m“‘"ﬂ‘g;‘;g” Sé'c')fe 60 bpm 10.5 ppg brine
West ?ﬂ?;”;gl’;‘o’ 3 Sé'c'f;e 75bpm 85 ppg water
ot Suface 10bpm 116 ppg mud
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Maximum Reported
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Blowout Well Name BOP Type Pumping Rate Fluid Density
(country) (for asinglewll) & Type
R N —.
uﬁ.m ;;a) e 43bpm 8.5 ppg water
E 'i(‘;}g Sutace 120 bpm 8.5 ppg water
E“ﬁ‘g‘r’;ﬁi’[’ (Irﬁ:r\:é;t) B'é? success  72bpm 8.5 ppg water
P i (oimy) Bs® falure  160bpm 8.5 ppg water
'“m“:;;) (;D':\I'n”iy) B'g:e failure 100 bpm 85 ppg water
Sheep m”‘":{‘g;‘;g“ sérg’f 60 bpm 10.5 ppg brine
West ‘fﬁf’;“;igu(gi’gmy) Sutace success  75bpm 85 ppg water
‘z‘g'n}::) S‘ggf 10bpm 116 ppg mud
&
Maximum Reported
Blowout Well Name BOP Type Pumping Rate Fluid Density
(country) (for asinglewll) & Type
A’(‘::;:!:a) (m:efc":m) sé'é? success 126 bpm 85 ppg water
(urﬁm ;;a) e 43bpm 8.5 ppg water
S (cony) Be” Success 120bom Sl
E“ﬁ‘g‘r’;ﬁi’[’ (Irﬁ:r\:é;t) S;g? success  72bpm 8.5 ppg water
Fa&ﬁ) (pfc:\,/\ﬂ/;y) S‘ggf failure 160 bpm 8.5 ppg water
'“m“:;;) (pfc:""ﬂ/;y) sg'éa;e failure 100 bpm 85 ppg water
Sheep m”‘":{‘g;‘;g“ sérg’f 60 bpm 10.5 ppg brine
West fmf’;”;f&s‘u(;tixm Sutace success  75bpm 8.5 ppg water
{Baan  (niece) 80P 10tpm Ly mud
&
Maximum Reported
Blowout Well Name BOPType Pumping Rate Fluid Density
(country) (for asinglewell) & Type
Ar(‘::d%g S (mt;c"e”m) S‘é’(’)fe success 126 bpm 8.5 ppg water
(U::‘ e (perforate) S‘Efg;e success  43bpm 85 ppg water
Suwm N o s g sam
E"";‘g{:zﬁs;n (Iis\é\é;t} S‘E'éf" success  72bpm 8.5 ppg water
e (;D':\,'nviy) Spae  failure  160bpm 8.5 ppg water
"‘“;:A":Ié) (pfﬂ'z\":;y) S‘é'c')fe failure 100 bpm 8.5 ppg water
Sheep ?ﬁ“ﬂ:{‘:;‘;g” S‘gg;e 60 bpm 10.5 ppg brine
West ?m?;”;gl’;m’(géimy) S‘ggge success  75bpm 85 ppg water
Well 159 1RW  Sufate  gccess 10 bpm 11.6 ppg mud

(Bahrain)  (intercept) BOP
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Maximum Reported

Blowout Well Name BOP Type Pumping Rate Fluid Density
(country) (for asinglewll) & Type

A'(‘:r"‘ dir:;za) (m:efc\’:m) S‘E‘!’é? success 126 bpm 855 ppg water

(Lﬁ‘?fg‘; ;S) (pel’(z\r’:‘e) Sé’é? success 43 bpm 85 ppy water

Sl AN S s own  ssmas

E"cz‘g:;ﬁ[’ (Ifis\éz;) success  72bpm 8.5 ppg water

P i (oimy) Bee® falure  160bpm 8.5 ppg water

"“m”f;l' Clo ) (pfozl\ll\nliy) 35’5? failure  100bpm 85 ppg water

Sheep :ﬁ‘;“,?;?;‘;g“ 1RW Séré? success 60bpm 105 ppg brine

West ‘fﬁf’;";ﬁg“&;ﬁy) Sutace success  75bpm 85 ppg water

‘:‘{3‘1}‘:2) ("&ei}g/m) Sé'c'f;e success 10 bpm 116 ppg mud

&

Reservoir Entry De

= No industry precedents for simultaneously utilizing multiple subsea
relief wells to dynamically kill a blowout with weighted fluid

No Cost Impact [2] Significant Cost Impact [
3 - 4 Relief Wells Required 1 - 2 Relief Wells Required

13-58" casing

13-58° casing
% Choose \

il

9-5/8” liner

98s pay Eone 10p N gas pay zone lop . ~‘v,(,‘_

Reservoir Entry Deci:

= Only one industry example exists for utilizing two subsea relief wells
to dynamically kill a blowout with water (Enchova 19D — Brazil 1989)

No Cost Impact [z Significant Cost Impact  [&]
3 - 4 Relief Wells Required 1 - 2 Relief Wells Required

\ 13-5/8" casing

=

13-5/8" casing
Choose

il

%

gas pay zone top S 9as pay zone top
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Reservoir Entry Decision Drivers

= The magnitude of a Wheatstone blowout could impact our reputation
as an industry-leading safe operator

No Cost Impact [2] Significant Cost Impact [
3 - 4 Relief Wells Required 1 - 2 Relief Wells Required

13-578" casing

13-58" casing

gas pay zone top M gas pay zone lop c

Risk-Based Decision Mathematics

o0 -

Cost Chance of
Occurrence

= The traditional mathematics of risk-based decision making do not
apply for risks that risk more than money.

= Whatis the long term value of your company’s reputation?

= Difficult question to answer!
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Reservoir Entry Decision Drivers
‘Webinars

No Cost Impact [z Significant Cost Impact  [&]
3 - 4 Relief Wells Required 1 - 2 Relief Wells Required

\\ 13-5/8" casing
7 Choose

135" casing

-,

il

%

gas pay zone top 9as pay zone top
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Wheatstone Well Design

l L 36" conductor
20" casing

. 13-5/8" casing
2100m TVD

3050m TVD
Want TD to be
< 3m vertically

@@ above pay zone

Deep-Directional Resistivity LWD BHA

Long Spacing (L) —— Depth OF

Short Spacing (5) — Vertical Resolution T Oft )

Rt Lwo ™ RSS

MP 1 receiver Inversion=b+5i2

MP 2 Receiver Inversion=b+L12

Geo-Steering

-t |t s— 4+ p——

i — Jlai

TvD

A=~ = _——— = -

For—m;ti;n or Fluid Boundary




Geo-Steering
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Geo-Stopping

TVD
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Geo-Stopping Example

]
i Measurement
/ Point
'\ Bit

Geo-Stopping Example

Geo-Stopping Example

Inc =58°

G ‘. -
30m TVD [\ |
Top_Porosity. F8mivp
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Geo-Stopping Example

14 ‘.
30m TVD [\
Top Porosity. |

Geo-Stopping Example

Top Porosity.

Geo-Stopping Example

44 4 (=4
: a 30m TvD l \
Top Porosity. T +3m

v

More details on
this technique
can be found in

@@ X ; > SPE-173169-PR
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Wheatstone Geologic Cross-Section -

Brigadier Formation
~Interbedded sand/shale sequences
Individual sand body thickness
ranges from a fewem up to m.

Mungaroo Formation
- Channel sands. Individual sand body
thickness ranges from5m to 30m. o Example Completion Locations
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= Brigadier: k, = 1.5 darcies & k/k;, = 0.1
= Mungaroo: k, = 8 darcies & k/k, =0.9
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Pilot Hole Execu

l L 36" conductor
20" casing

» 13-5/8" casing
2100m TVD

3050m TVD gas pay zone top
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Pilot Hole Execution (

l L 36" conductor
20" casing

» 13-5/8" casing
2100m TVD
side track plug

3050m TVD gas pay zone top
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Pilot Hole Execution (

l L 36" conductor
20" casing

2100m TVD

gas pay zone top

3050m TVD

&9

JJ lL 36" conductor

20" casing

13-5/8" casing

2100m TVD .
side track plug

gas pay zone top

3050m TVD
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Blowout Gas Plume Modeling (

Gas Concentration (ka/md)

Depth (m)

O] 150
@ Downcurrent DI
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Blowout Gas Plume Modeling ( wﬁm
400.04-
~ 3000+
E E 1.0 x LEL 0.5x LEL 0.2 x LEL
< 2000+
E o
100.0F
0.0-= | 1 =
0.0 200.0 400.0 600.0 800.0
% Downwind Distance (m)
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Relief Well Trajectory and Rig Placement Planning =
nars

WST-3A
Relief Rig Y]
Approach Limit 1
1

1
WST-3C
2, ]

R

WST-3 Manifold
Reservoir Targets

Relief Well Rig Locations
Development Wells

|
—

Relief Well Trajectory and Rig Placement Planning e

WST-3Manifold

Relief Well
Rig Locations
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Relief Well Trajectory and Rig Placement Planning el

Relief Rig
Approach Limit

B WST-3 Manifold
Reservoir Targets

Relief Well Rig Locations
Development Wells
Relief Wells
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Relief Well Trajectory and Rig Placement Planning

‘Webinars

Sea Level
Mud Line

WST-3 Manifold

QAL WOS0E~

Reservoir Targets
Relief Well Rig Locations
Development Wells
Relief Wells

| 'mom

WST-3F WST-3D

WST-3C WST-3A

Dual Relief Well Intersection Scenario

Unstable Shale
Oriented
Perforations
Direct
Intersection

3050m TVD gas pay zone top
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Maximum Reported

Total Time Pumping
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Blowout Well Name BOP Type Pumping Rate Fluid Density (Solids-Bearing
(country) (for asinglewll) & Type Fluid Only)
SolidsFreeFluid
A'(Ulf“di‘:; v Sg’é? 126 bpm 8.5 ppg water
(Li‘?{eg“;; ;) S;’éfe 43bpm 8.5 ppg water -
e " Surtace 120bpm 85 ppg water
E"”(‘g::zﬁ?'j ® Sosea 72bpm 8.5 ppg water
Fa&ﬁ; v S;’gge 160 bpm 8.5 ppg water
'x'm":; Clc; . Sg’g;e 100 bpm 8.5 ppg water
Shep '{m’t‘:;ﬁj H Sg’é? 64 bpm 8.5 ppg water
Shep mﬁ{‘:;‘;g” w Sg’é? 60 bpm 10.5 ppg brine
ikt st a5 g

Maximum Reported

Total Time Pumping

Blowout Well Name BOP Type Pumping Rate Fluid Density (Solids-Bearing
(country) (for asinglewell) & Type Fluid Only)
Solids-Bearing Fluid
Fateh L-3 117 Surface
(Duba) BOP 115 bpm 18 ppg mud 9 minutes
Fateh L-3 117 Surface
(Duba) BOP 156 bpm 14 ppg mud 36 minutes.
Fateh L-3 117 Surface
Duba) pe 190 bpm 115 ppg mud 53 minutes
CoxNo.1? Surface
(United Sttes) BOP 57 bpm 18.3 ppg cement 20 minutes
Sheep Mountain 4-15-H - 17 Surface
(United States BOP 31bpm 15.5 ppg mud 33 minutes.
Well 159 © Surface
(Babrain) BOP 10 bpm 11.6 ppg mud Unknown
Wwell 159 Surface
(Babvain) BOP 10 bpm 11.6 ppg cement 10 minutes.
&
-
Subsea BOP HI S
. | 3 rad
Erosion (concerns) o il ‘Webinars
eLs = cnd
E] ]

s
g

Radius of curvature

=046m -

i
Ea .

FlexLoops for
Choke and Kill Lines

f= Upper Annular
Preventer

Lower Annular
1 Preventer
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Subsea BOP
Erosion (concerns)

)

=
g
B
]

Radius of curvature
=1.03m

Radius of curvature

E = 0.46m
Subsea BOP =
Erosion (concerns) ‘Webinars

Velocity contours of water in 2.063" ID coiled tubin g (10 bpm)

55” Curvature Radius

Subsea BOP
Erosion (

= The fluid erosion limit of a subsea BOP flex loop is undefined:

- Nothing in the publicly available industry literature on the topic

— Results in a lack of understanding concerning the fluid injection
capacity of single relief well

= Suggest CFD erosion modeling combined with full-scale erosion
testing in the laboratory:

— Laboratory testing is necessary to calibrate the CFD model

&9
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Conclusions

= All nine Wheatstone wells were drilled and cased to within <3m of
top of the gas pay without penetrating into it.

Drilling and completion of the reservoir section occurred without
incident.

- However, a blowout at this phase would still require two relief
wells.

Capping stacks are not an option at Wheatstone due to the shallow
water depths (220m):

— Thus, relief wells are our only method for responding to a
blowout

&9

Conclusions

= Abetter understanding of subsea BOP erosion risk would allow
weighted fluid injection limits to be better defined.

= This would result in a clearer understanding of the number of
required relief wells.

= This could be a message that people don’t want to hear —i.e.,
“You might need more relief wells than you originally thought.”

Conclusions

= Aunmitigated Wheatstone blowout could have had corporate or
society level implications. Hence, guided by our corporate values
and culture, we invested significant time and money to...
1) redesign our well and execution plans so as to minimize the
number of required relief wells to 2,
2) ensure that the details of a 2-relief well response plan were
sufficiently understood for all Wheatstone wells and
3) guarantee that operational mistakes cannot result in a scenario
that could require more than 2 relief wells.

&9
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Conclusions

our corporate values
and culture
1)
2)
3)
Corporate Vision:

To be recognized and admired by industry and the communities in
which we operate as world-class in safety, health, environment

and efficiency.
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