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Application of Differentiating

Technologies:
< Coil Tubing Drilling
< Through Tubing Rotary Drilling

< Subsea Through Tubing Rotary
Drilling

< Underbalanced Drilling

< Managed Pressure Drilling
< Extended Reach Dirilling
< HPHT
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Anticipated incremental reserves by region
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Drilling Highly Depleted Gas Reservoirs in the
Australian Cooper Basin
(Underbalanced with Coiled Tubing)
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Information supplied courtesy of Santos Ltd.
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The Challenge

(

- Field producing for ~ 30+ years

- Long production tails at low production rates.

- Large well spacing across field.

- Gas acceleration into economic cut off.

- EXisting technology in the Cooper Basin no longer
applicable due to high depletion.
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The Reservoir

{‘;J “{ - Highly depleted Gas Reservoir — 700 to 1500
i {9 - Reservoir Temperature — 280 to 315°F

T?’ B 2z - Reservoir Target Depth — 7800 ft

' ﬁ e - Interbedded Sand, Shale and Coals (instability
[ 1 Z g - Historical reservoir damage (Skin)

' 11 - Existing wells were not all Fracture Stimulated

f : ) [ when drilled originally.
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Well Candidates

Well Set-Up Depth ft Pressure | Temp EMW (ppQg)
, ( (psi) Deg F
«
| (1)

1 Sidetrack 7700/ 740 280 1.84

$ 2346.9 51.02 137.78 0.22

2 Sidetrack 7700 1200 290 2.99

$ 2346.9 82.73 143.33 0.358

3 Sidetrack 7800 900 280 2.21

$ 2377.4 62.05 137.78 0.265

4 New Drill 7800 1200 280 2.95

# 2377.4 82.73 137.78 0.353

5 New Drill 7600 1500 315 3.79

# 2316.48 103.42 157.22 0.454




Underbalanced Drilling
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Wellbore Stability

Geo-mechanics Study of Coal
Stability across field

Reviewed calliper logs

Review any openhole completions in
area.

Study key findings
Coal sections high risk of instability for all

trajectories but potentially more stable in a
N/S direction (opposite to sands/shales).

Mud weight required to hold coals exceeds
the fracture gradient

Risk of wellbore stability increases with
increasing depletion.

Thick coal sections should be avoided were
possible, if not, should not be intersected at
high deviation.

Wellbore pressure should be carefully
monitored to avoid sudden pressure
changes.

Ensure adequate hole cleaning.
Use controlled drilling rates.
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Hole Cleaning Considerations
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Drepth (ft) —
- Cutting Transport Ratio (CTR) - &+ ) (CTR)
- 1 — (Slip Velocity/Mean Velocity of 1= ( /
Multiphase) )
- 0.55 adequate for vertical, 0.9 adequate - 0.55
for horizontal wells , 0.9
D Ipti
&escr'p on 5 15" (4.982") 6 1/8” (OG)
Sand/ -0.17 0.74 0.57
Sand/ —0.04” 0.82 0.73
Coal / -1 0.3 -0.07
Coal/ -2’ 0.01 -0.52
Coal / -3 -0.02 -0.83




Underbalanced Drilling Envelope

Pressure
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Coiled Tubing versus Jointed Pipe

Coiled Tubing

Jointed Pipe

No connections made during trips

Connections require gas injection shutdown
causing pressure peaks

Higher pressure containment

Pressure of rotating diverters limited

Stiff wireline makes MWD systems simpler
in gasified fluids

MWD systems not reliable in gasified
systems

No snubbing systems required

Pressure deployment requires snubbing
unit

Maximum hole size 6” (dependant on CT)

No hole size limitation.

Hole cleaning more critical

Hole cleaning can be assisted by rotation

Potential for pipe collapse in high pressure
wells.

Special drillstring connections required for
gas fields.

Thru-tubing drilling work possible

Thru-tubing work requires special rig floor
tools on conventional rigs

BOP stack smaller

BOP stack requires rotating diverter system

Limited drag for outreach

Ability to drill longer horizontal sections




Coiled Tubing versus Jointed Pipe
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Coiled Tubing

No connections made during trips

Higher pressure containment

Stiff wireline makes MWD systems simpler
in gasified fluids

No snubbing systems required

Maximum hole size 6” (dependant on CT)

Hole cleaning more critical
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Potential for pipe collapse in high pressure
wells.

Thru-tubing drilling work possible
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BOP stack smaller

Limited drag for outreach




Coiled Tubing versus Jointed Pipe
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Jointed Pipe & #

Connections require gas injection shutdown
causing pressure peaks

Pressure of rotating diverters limited

MWD systems not reliable in gasified
systems

Pressure deployment requires snubbing - 2
unit

No hole size limitation.

Hole cleaning can be assisted by rotation

Special drillstring connections required for
gas fields.
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Thru-tubing work requires special rig floor
tools on conventional rigs

BOP stack requires rotating diverter system

Ability to drill longer horizontal sections




Drilling Design Envelope

- Underbalance needed 50-100 psi + # 3.45-6.89
- Drill approx 200 — 250ft - $ 61— 76
(60.96 — 76.2 m) - — 4% KCL/
- Drilling medium selection — 4% KCL
/ Nitrogen Mist - # - < 30°,
- Directional — Low inclination < 30°, , 10
N/S azimuth -o-
- Hole Cleaning parameters - -
- Minimum Fluid velocity — 454.25 |
120gpm (454.25 | ) &+ ) —>0.55
- Cuttings Transport Ratio — (0.7 )
>(0.55 (0.7 sidetracks) -
F Minimise ROP and coal thickness.
- Openhole Completion based on -3

Risk Assessment outcomes. Assess
hole stability in production case over
time.



Sidetrack Set-up

Santos

TUSING HARGER

— Well 1,2 & 3
& 4% Openhole
= /B AHL approx 250ft

& ‘Window exit performed by Workover Rig.

MWax Inclination through Coale 30 dag.

§ %" casing shoe
17ppt. J




New Drill Set-up

Santos

Well 4 & 5

TUBING HANGER

GROUKND LEVEL

& 4% Openhole
« B AHL approx 2501

& ‘Well driled conventionally and cased down to top
of resenyoir

45", 11.6ppt, L3
Casling Shos

E %WHole TD

Proposed 4 =00 hole




Well Preparation & Casing Exit

- Existing wells drilled and -
completed ~30 years ago 30
- 51" 17Ib/ft, L80 Casing String - - 5 Y2, 171b/ft, L8O

- 2 3/8" Tubing and Production ~ 23/8"#&( +
Packer to be removed.

- Whipstock Set and Milled using 7

Workover Rig. e

- Setting Depth critical (avoid
milling across shale/coal).

- Short rathole requirement ).
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Surface Equipment Set-up

\—( Fluid Tank

Underbalanced
Separator
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- Drilled 5 wells through
formation successfully
underbalanced although
experience lower pressures in
certain wells than anticipated.

- No instability over coal
sections seen whilst drilling —
drilled 21 ft coal with no issues.

- Gas rates achieved or
exceeded on 3 of 5 well
candidates.
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- High erosion effects seen on -
drill bits due to highly
abrasive environment and .
temperature. -

- Reservoir modelling shows
zero skins achieved on all
wells, with permeability major (
factor in rate achievement
(sands can be correlated
across field but not
heterogeneous). F -

- Reservoir quality to dictate
future locations. Not a
blanket infill technology in
this particular field.
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Case History of
Offshore Colled Tubing
Managed Pressure Drilling
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Field

Initial Problem



- Project Objectives
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High inclination from 3,000ft to KOP (10,870ft)
4" production tubing w/3.25” internal restrictions

Pore pressure of 407pptf EMW
Shale stability requirements of 570pptf EMW

Revision 0

Date: 07/08/02
400 450 500 550 600 650 700 750 800

Depth TVFBDF [f]

7200

7250

7300 -

7350 -

7400

7450

7500 -

7550

7600

Cdlapse Gadent [pptf]

Hordaland

Tay Sand E

Tay Sand D

Tay Sand C

I

Tay Sand B

Tay Sand A

Tay Shale

—9- 0Dy
—0— 0 Deg

—0— 30 Deg
— Pare Pres

—0—60Deg
— Fac Grad

3 914.4
(3313.8 )
4" + #&( 3.257
- - 407pptf +
( - 570pptf
b
Unit LW Mud HW Mud
Mud Weight Ppg/ | 84/1.006 | 11.0/1.318
gcm3
PV Cp 12 20
YP Pa 10 22
Static BHP psi/bar | 3,220/222 | 4,200/ 289
Static O/B psi/bar | 270/18.62 | 1,250/86.18
Dynamic BHP | psi/bar | 3,890/ 268.2 | 5,090/ 350.94
Dynamic O/B | psi/bar | 940/64.81 | 2,140/ 147.55




- Novel mud technologies
Investigated to reduce ECD with
higher mud weights

- Previous experience of MPD in
Alaska in 1999

+ Manual technique of maintaining
constant BHP in 2.992” slim-holes:
reduced over-balance from
1,600psi to 300psi

- Automatic system preferred to
manual manipulation

- MPD components:
- Automated choke manifold

- Electric high pressure pump tied
into platform electrical supply

- Computer control & modelling
system



Novel mud technologies investigated
to reduce ECD with higher mud
weights

Previous experience of MPD in Alaska
in 1999

Manual technique of maintaining
constant BHP in 2.992” slim-holes:
reduced over-balance from 1,600psi to
300psi

Automatic system preferred to manual =~ %

manipulation

MPD components:
- Automated choke manifold

- Electric high pressure pump tied into
platform electrical supply

- Computer control & modelling system
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Project:

Intefgration of drilling onto the / ;
platform: POB, space, HS&E : , (%

Re-instatement of drilling ’
equipment & modifications

Timing: impacts of other events in
the sequence, project setup

Well: : ’
Casing Exit: yard trials, worldwide ' :
experience, peer reviews ' +

Build Section; BHA design, bit
design, supplier experience #

Running the Liner: liner design, | ,
running procedures & equipment, :
swelling elastomers

Mud: New mud design required to )
pass PST at 250micron +

Differential Sticking: mud design, $ 3
best practices J J 250

DAPC: New equipment spread,
limited expertise, additional
equipment, greater complexity.
The stability, reliability & DAPC (
compensation/failsafé ability of

the system



- Cancellation of second well just  F
prior to mobilisation

- Significant delay to the project -
start date ’

- Well time exceeded original time
& cost estimates

- Increase in costs due to delays &
operational setbacks

- Mobilisation over the winter .
months resulted in longer rig up
than anticipated

- Contamination of the completion

I_*

fluid resulted in considerable -3
delay

- Stuck pipe resulting in second
sidetrack F -

- Drilling difficulties — problems with
transfer of weight to the bit

- Platform modifications were not Eo-
complete prior to mobilising



Zero HS&E incidents

Dry oil production rate tripled -
while minimising BS&W (<7%) (<7%)

Excellent integration of the project

team with the platform during the re-

introduction of drilling onto the .

platform e

Successfully implemented CTD on 1996 .
the first well on the platform since ,

1996: equipment spread, POB, ’

platform maodifications, use of OBM

- Proved all technical criteria - -
- Proved the application of MPD -

- Drilled at up to 43 /100ft to a
maximum inclination of 98 - - - 43 /1%% ,

First 2-3/8” keystone slotted liner & | _ 2.3/8"
swelling packer deployment

Successful application of WARP .
mud reducing operational - /&
_ WARP,
complexity and cost (upfront & ( )
maintenance)
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JHUR +6 ( LQFLGHQWYV
- Production from well L

exceeded original high
case

- Successful F)
Implementation &
Integration of CTD

|_
- A number of CTD H&(
techniques & equipment
proven - +

- Successful driIIing &
completion mud defined

- Successful MPD -*)
Implementation ]

- Gaps in technology &
equipment identified for
future applications
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- CTD,UBD and MPD can all +$

be utilised cost effectively
as a means of accessing
stranded reserves

- UBD can increase
productivity in wells and
reservoir reserves

- MPD can successfully
manage differing pressure
regimes in depleted
reservoirs

- CTD can be effectively
used as an enabling
technique for UBD and
MPD

- $
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Good planning is essential
(as well as the right target)

Good training is essential

Multi well campaigns
Increase rewards and
Improve economics

Well complexity should be

minimised at the start of
campaign

Requires good cooperation
between Operators and
Service Providers
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Questions?
$ ?



