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Casing Drilling Process-Definition

What we learned from Casing Drilling over the last 8 years

Individual case histories

Value Creation from Casing Drilling

Challenges yet to overcome

TURNKEY

Note: CASING DRILLING® IS A TRADE NAME OF TESCO CORPORATION \1 rl



A rotary drilling process

that cases the well as it is drilled.
where the well casing replaces the drillstring.

where the casing provides hydraulic energy and mechanical force

to the cutting structure.

the downhole tools are retrieved through the inside of the casing
witho ut tripping the casing ( either by wireline or pumped
In/reversed out PIRO) OR a bit is simply screwed onto the casing if

It Is the last string. {URNKEY
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Wireline Retrievable BHA
Drill Lock Assembly (DLA)

- - Toraue Mud Motor,
E“”’."”Q & Axial Tool Logks Directional Tools Underreamer Bit
etr|eV|ng Locks Locator and/or Logg|ng
Tool Assembly
as required

CASING DRILLING ® Assembly
Landing

_ 2 Lock _ ~Underreamer
Ring Band Casing 0cC Centralizers Casing Bit

// / pr/ofile as re . h(ie

Connection  Wear




DRILLING OPERATIONS

Landing/Setting DLA
Lower DLA inside casing
Locate in profile

Lock axially

Close bypass

Lock torsionally

Remove wireline




DRILLING OPERATIONS

Drilling ahead
Pilot bit goes through casing
Underreamer enlarges hole
Rotate casing with top drive
Circulate mud through casing
Use casing for weight on bit

Case hole as it is drilled



Releasing/Retrieving DLA
Pump down release tool
Release axial lock

Open bypass

Pump down wire

Engage DLA

Pull tool out
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Alpha Rig

107 wells/1,072,565 feet

Beta Rig 53 wells/493,305 feet
Gamma Rig 83 wells/665,361 feet
Omega Rig 34 wells/312,103 feet
Drillers #4 25 wells/217,721 feet
Total 302 wells/2,761,055 feet




JNVENTIONAL DRILLING

Conventional Casing
Drilling Drilling®
(using drill pipe) (pump-in/reverse-out tools)

1,000/hour  Trip Time  250'/minute

ADVANTAGES OF
CASING DRILLING ®

Reduced lost
circulation
Eliminate casing
strings

Improved well
control

Improved borehole
stability

Time savings (up to
50%)

Improved production
Improved personnel
safety
Reduced rig

requirements ﬁ”ﬁ




TWO WAYS TO ELIMINATE FORMATION DAMAGE
AND INCREASE PRODUCTION:

1 “Smear Effect” From Drilling With Casing “overbalanced”
1 Stratton Field — South Texas
a. Hurricane Creek Field - Louisiana

2 Drilling With Casing “Underbalanced”
2 Lobo Field - South Texas
a. Fetter Field - Wyoming

TURNKEY
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Cuttings are finer
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Significant reduction in lost fluids when
Casing While Drilling due to “Plastering
Effect” (continuously troweling of the
wellbore wall by the couplings)

Losses are Reduced even with higher
ECD’s

Fiter Cake Is smeared Into the
Immediate wall and is not scraped off by
bit passage or tool joint impacts

Formation behind borehole wall is not
contaminated with mud and produces
easily through perforations

All casing joints have a
bend on the end from the
manufacturing process




Sidewall Cores

Poor SWC Recovery

Cuttings Pressed into Wall
Effect on Log Readings?
Effect on Recovery?

Answers Provided by
Full Hole Core?

TURNKEY
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Faster drilling times = lower capital costs
Lost circulation minimized with 3200 psi hp of mud against 200 psi fp
Increased production by 3 times= better economics
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UCTURE AND COMPLETIONS
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CASING DRILLING UNDERBALANCED , SOUTH TEXAS

Yegua-csg
set 600’

Queen City
weak zones

500psi@3000’
3.2 ppg (.4s9)

Reklaw

Shale Weak

zones
7"4 |in

open <
hole
section

Wilcox

weak zones E—
1500psi@ 6000',| =
4.8ppg(.6sQ)

A marker

Walker

. Drilled Under Balanced,
high pressure  — )

zc?nep7500psi == Well flowing
@10,000, =
14.4 ppg =

1759 é‘ 4 1" 4 15" 44

Lobo




CASING DRILLING “UNDERBALANCED”
FETTER FIELD, WYOMING
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Casing Drilling

Eetter Areq

Subsea
VD
5700 =

-5900 =

-6000 =

-6100 =

-6200 =

6400 =

VASTAR RESOURCES INC
RED MOUNTAIN
1:H

12,995

VASTAR RESOURCES INC
ROOSTER ROCK WELL
1-36H

12,135

NIBRARA

APACHE CORP

STATE
36-1

13,015

Ability to monitor
and control influx
of hydrocarbons
when drilling with

casing
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CUSTOMER: TURNKEY
CUSTOMER REP : KEVIN PHARRIS
WELL NAME: STATE #4-36-H
SURFACE | BIT |[STANDPIPE| Flowline |[VESSEL| INJECT [FLARED| FLARED
Date/Time VOLUME Depth Pressure Pressure |Pressure] Fluid Rate JGas Rate]| Gas Rate
mm / dd / yy BBL FEET PSI PSI PS| GPM SCFE/MIN [MMCF/day
18:40:00 797 11418 272 230 114 ,/ﬁ 10558.51] 15.20
18:50:00 788 11421 634 173 120( 249 406459 | 585 > NIOBRARA
19:00:00 750 11421 764 193 160 N\, 268 2550.35 3.67
21:30:00 771 11599 770 216 A4 123 250317 3.73
21:40:00 783 11597 446 143 20 129 651.46 0.94
15:50:00 758 12037 472 526 37 252 3276.15 472
16:00:00 759 12075 248 306 97 260 4866.82 7.01
00:10:00 760 12196 62 781 38 284 2985.90 4.30
00:20:00 753 12196 317 612 A7 260 3081 02 573
00:30:00 745 12196 403 363 39 260 3370.38 4.85
08:30:00 752 12284 61 348 84 208 6593.19 9.49 _ _
08:40:00 736 12289 60 176 A4 228 5.53 Gas/Oil Ratio=25,000
—— Condensate =1 bpm
14-40:00 749 12365 58 143 103 / 0 772023  11.12
14:50:00 741 12371 57 69 27 0 2480.81 357
15-:00:00 745 12374 55 130 55 0 4486.11 6.46 FRONTIER
15:10:00 768 12375 56 321 235 0 26944 44| 38.80
15:20:00 774 12360 292 338 167 0 18040.75] 25.08
15:30:00 738 12358 685 202 108 [\ 0 12070.07] 17.38




Drill the reservoir “Underbalance” and
high angle

Drill with Casing , so casing can stay
iIn hole and the well not killed to trip | 1< B

pipe
Do not kill well to open hole log, rather

run cased hole logs to tie sands to |
measured production while drilling

Gas Lift Mandrels & Valves

| _— Casing Drilling On-Off Tool

<4—— External Casing Packer

Do not cement off producing zone

GAS

HYDROCARBONS

Let every sand/stringer/fracture
produce

allsands

Leave gas in reservoir to create mini | producing
gas cap in wellbore | s

el




1-Better success at running and retrieving tools
-PIRO tools need more refinement

2-Better resolution with cased hole logs
-must kill/damage well to trip pipe to open hole log
- must pull casing to run conventional wireline open hole logs
-can run LWD, but expensive for land operations

3-Drill Underbalanced with Casing
-must drill with a packer so well can be shut off without being
overbalanced

4-Convince Operators That Many Formations Damage easily
-need more data/trial runs in different reservoirs for comparison



