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®Industry Experience
— Roughneck on Drilling Rigs
— Drilling/Completions/\Workover Supervisor
— Drilling/Completions/Workover Engineer
— Area Engineer

m Academic
— Doctorate from Colorado School of Mines

— BP Adjunct Professor, specializing in unconventional reservoirs

— PERFORM Research Director at Colorado School of Mines
— Finite Element Modeling of Cased Wellbores
— Stimulation Research
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Irﬁpoftaht Shal g\Telopment Topics

1. Drilling
« Modern horizontal drilling began in 1990, with the widespread acceptance of MWD
(Measurement While Drilling) to steer the wellbore horizontally.

« This allowed the experimentation in the Barnett Shale by George Mitchell, resulting
in horizontal laterals, coupled with multi-stage fracturing, to develop shales

2. Casing
« The curvature of wellbore meant that the casing had to curve also, resulting in
connections designed to withstand the torque and drag of a horizontal well
« The casing many times has to be rotated to bottom, driving the acceptance of top
drives on rigs, and special tools to facilitate this rotation

3. Cementing and Isolation
» Special tools and cements were developed to cement these wellbores, including
expandable liner hangers and inflatable packers.
« “Swellable” packers were developed to isolate fracturing treatments.
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Shale Drilling

COLORADOSCHOOLOFMINES 0 4

EARTH =« ENERGY &« EMNMYIROMMERNT



!

wf“ : ;..... Where is the next Shale dlscovery’?’?’?

Occur anywhere f;
conventlonal production kws -+ Rdge Province

L e ¥ L e IPREOWTY.

Permian

[~ETa

[ shale Gas Plays Basins
Slacked Plays
—— Ehaliowest [ Youngost

—— Denpest [ Qides!

COLORADOSCHDOLDFMINES | 0 5

EARTH « ENERGY &« ENVIROMNMERNT



Currently 1748 rigs are drilling horizontal wells in USA

Nearly twice as many rigs drilling horizontally than vertically

Breakout Information This Week +/- Last Week +/- Year Ago
Oil 1070 10 1060 380 690
Gas 935 12 923 -36 971
Miscellaneous 7 0 7 -3 10
Directional 46 8 238 33 213
Horizontal 1148 13 1135 219 929
Vertical 618 1 617 89 529

The experimentation on how to drill shale wells has been done in the US
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Vertical vs. Horizontal Drilling
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Vertical vs. Horizontal Drilling
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A ﬁg Key to drilling multiple wells
on a single location

S-Shaped Well \/ Slant Well
N « Re-entry

=

Production Zone \

Horizontal Well/v Short Radius
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Horizontalbfilﬁn@l%iect by Dr. Fleckenstein
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Six complicated wells
drilled from a single
surface location in
California



How do We drlH a honzontal WeII’?
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How do we dill @ horizontal well?

Change direction by rotating bit with
a downhole motor, or a rotary
steerable system - deflect the bit

Mud motor
Controlled curvature

Controlled direction

No drill string rotation
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How do we drill & horizontal well?

Drill straight by rotating the
drill string, so that the bit
is never pointed in a

' single direction
e \mr*-t;“_ﬂ g

Maintain direction of the
bit

Rotary steerable or mud
motor system

Drill string rotation may
or may not be necessary
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Traditional Dﬁl]ingRiE

Drill Pipe

Rotary Table

BOP & Wellhead

Crown Block

Derrick

Traveling Block
and Hook




Drilling Rig Modified for Horizontal Wells
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WeIICopsfructLon‘?nd Surface Disruption

Drilling rigs are very large and result in 150 direct and indirect jobs per rig.

The drilling rig needs good roads, bridges etc. to move. The best rig move is
to not move very far, but to drill multiple wells from 1 location.

Proper well siting allows
multiple wells to be drilled
from the same location.

The drilling rig “walks” from
well to the next, minimizing
time, costs and allowing

the least surface disruption

17
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Experience helps eliminate mishaps!!!
Less rig moves equal less “problems”




Shale Casing Programs
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What is a wellhead?-

Conventional wellhead
assemblies include:

« (Casing head

« (Casing hangers

« Spool sections

« Tubing heads

« Tubing hangers

« Valves and fittings
(Christmas Trees)
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Whatis a wellhead?~

All welds and connections must be
tested.

If not tested, how do you know???

M‘# b ,mn.m.
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1. The hole is drilled for the first string of casing.
2. The casing Is then cemented in the wellbore

to the surface. |
— Surface Casing Purpose

1. Protect Surface water

O sl 2. Anchor BOPE
3. Support casing strings
4. Well Control
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Intermediate Casing Casing

Run intermediate casing
*Protects hole

*Sloughing

High pressure
INTERMEDIATE Low pressure
CASING Salt
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e

oducton Casig

Production casing
Usually run to total
depth (TD) of well

Normally cemented

Isolates producing
formation

Fracturing fluid path
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. ¥ — 24" conductor casing
(30-60 feet)

General Marcellus

20" casing
(200-500 feet)
: cemented to surface

— 5% casing is production SRS
casing, vertical and == N
. : : _ . iy _{uptolﬂﬂﬂ feet)
horizontal wells '

— 5%" casing is fracture S P T
. : 5 ¢ 1T necessary to seal
stimulated through RO el e | R e
B r % v - o d “’Z!‘.Il'l"lé#

— Other casing strings g fria

and horizontal
wellsHdentical to

protect surface water and T o et
protect against migration B R e

~ w500 feet above

eMarcellus
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— 4% production
liner

47" linerand 7"
casing is
fracture string
Other casing
strings protect
surface water
and protect
against
migration

—|Elevation GL = 2,350
&= Elavation KE = 2,388

Top of Parforatad Joints

KOP @@ 5,306 @ 351.8 dag. Azimuth

planned dogleg 12 degHoD

Trcasing at 10,784
297 L-50 LTC D - 6,732

29% P-110LTC §,792 - B 222
29% L-60 LTC 8,222 - 9,322

LN

k 16" Conducior

t— 132" Hole

Surface:

9-5/3" 368 J-35 LTC

A W Hole

_-_l_ Esl. TCC 1,000° above Dakota St
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424" liner from 10,6507 to 20,100

TD @ 20,100" MD
10,496' TVD
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Shale Casing Cementing
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Anchor the casing

— Protection casing against
corrosion and erosion

— Support borehole walls

— Zonal Isolation
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Ipoints on cementing

Getting a good cement job means:
— Centralization

— Pipe movement and fluid velocity
(looking for turbulence)

— Spacer design
— Rheology properties of mud
— Other specific issues to a cement job.

Surface Casing

Production Casing

VAAT s Tom s g T g
LYY
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Cementing Difficulties

Question:

How do we know the
Cement job is good?

Answer:

We take a picture of it!
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- What are you trying to detect?

I-

II -

Full Channel

Void against
Casing

Void in Cement
Sheath

Void against
Formation

Gas Cut Cement
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Shallow Aquer Proteohon in General
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1000’s of meters of
rock formations between
producing shale and

surface waters

Cemented production
casng

E_A Freeze and | A Cherry. 1979, Groundater. Prentice Hall. 604pgs. -
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Colorado Example-

e. Surface casing where subsurface conditions are unknown. In areas
where pressure and formations are unknown, sufficient surface casing
shall be run to reach a depth below all known or reasonably estimated
utilizable domestic fresh water levels and to prevent blowouts or
uncontrolled flows and shall be of sufficient size to permit the use of an
intermediate string or strings of casings.

Surface casing shall be set in or through an impervious formation and
shall be cemented by pump and plug or displacement or other approved
method with sufficient cement to fill the annulus to the top of the hole, all in
accordance with reasonable requirements of the Director

E_A Freeze and JA. Cherry. 1979, Groundater. Prentice Hall. 604pgs.
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Regu[ations GQVérFiﬁg Surface Casing

Alternate aquifer protection by stage cementing. In areas where fresh
water aquifers are of such depth as to make it impractical or uneconomical
to set the full amount of surface casing necessary to comply fully with the
requirement to cover or isolate all fresh water aquifers as required in
subparagraph e. and f., the owner may, at its option, comply with this
requirement by stage cementing the intermediate and/or production string
so as to accomplish the required result.

Stage cementing allows the upper portion of the casing to be
cemented, separate from the lower portion. This allow
cement to be placed across water aquifers in the upper
portion of the casing, or above fractured formations, such as
coals, that would not allow a proper cement job

E_A Freeze and JA. Cherry. 1979, Groundater. Prentice Hall. 604pgs.
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Aquifer Protection-for-a Marcellus Gas Wel

|~ 24" conduetor easing (30 - 60 feel!
: Fresh Water Aquifers
20" casing 200 - 500 feell cemented Io surface

Goal-bearing interval
T30 " casing fwple 1000 fegt] cemenied (o sgrface

Shallow sandstones & shales [gas & brine)

i
e

2-5/8"casing, ¥ necessary o seaf off shallow ofl, gas or
brime bearing rones
= & feasing forvertical and horironts! wells ideniical Io Hhis
o - Marcellus Shale
| 5-1/2"casing, cearented to 500 feet above Marcellus
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Surface casing protection of
aquifer is complicated by
presence of near surface
coals

These coals may cause lost
circulation while cementing
the surface casing,
requiring extra care

It is important during the
initial evaluation program to
identify where the fresh
water aquifers are, and any
problems, such as coals,
that may cause problems
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roundwater Protection

Ovef the past 60 years, more than one million U.S. wells have been
safely produced in the U.S. using hydraulic fracturing.

“After review of DEP's complaint database and interviews with regional staff that investigate groundwater
contamination related to oil and gas activities, no groundwater pollution or disruption of underground
sources of drinking water has been attributed to hydraulic fracturing of deep gas formations.” -

Joseph J. Lee, Jr Pennsylvania Department of Environmental Protection, June 2009

“Though hydraulic fracturing has been used for over 50 years in Texas, our records do not indicate a
single documented contamination case associated with hydraulic fracturing.”
Victor G. Carrillo, Chairman Railroad Commission of Texas, May 2009

To the knowledge of the Colorado Oil and Gas Conservation Commission staff, there has been no
verified instance of harm to groundwater caused by hydraulic fracturing in Colorado.
David Neslin, Director, Colorado Oil and Gas Conservation Commission, June 2009
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