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Background of Hydraulic Fracturing

First Generation
* July 1947: Hugoton Gas Field, Grant County, Kansas
* Small Treatments to Bypass Formation Damage
* Minimal Sophisticated Engineering

Second Generation
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Evolution of Hydraulic Fracturing in N. America

Example Plays
= Carthage

= Red Oak

= Wilcox

1 = Lower Spiro
= Morrow

= Chase

Typical Characteristics
= Mostly Tight Gas

= Single Well / Loc

= 1 to 4 Stages / Well
= 25 to 60 BPM

= 500,000 Lbs Prop

= Crosslinked Fluids

= Some CO, or N,

= High Level of QA/QC
= CADE Designed

Example Plays
= Uinta
= Piceance

- = Jonah
| = Pinedale

Pay Interval

i

Typical Characteristics
= Mostly Tight Gas

= Huge Stacked Interval
= Multi Wells / Loc

= 10 to 12 Stages / Well

= 30 to 60 BPM

= 1,000,000 Lbs Prop
= Emergence of SW
= Little QA/QC

= No CADEs

= Efficiency Driven

Example Plays
= Barnett

. = Bakken

= Fayetteville

| ® Haynesville

Po-

Typical Characteristics
= Shale

= Single Well / Loc

= 8 to 15 Stages / Well

= Geometrically Spaced

= 80 to 100 BPM

= 1,500,000 Lbs Prop

= Mostly SW

= Little QA/QC

= No CADEs

= Prove / Hold Acreage

—

Example Plays
= Barnett

| = Bakken

= Fayetteville

| ® Haynesville
= Marcellus

= Eagleford

Typical Characteristics
= Shale & Tight Gas

& = Multi Well / Loc

= 10 to 40 Stages / Well
= Geometrically Spaced
= 100 to 120 BPM

= +2,500,000 Lbs Prop
= Mostly SW

= Little QA/QC

® No CADEs

= Development Mode
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Horizontal rig count started to climb with Shales

Proportion of Rig Count
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By September 2008, the percentage of rigs drilling horizontal
20% | and directional wells overtook those drilling vertical wells
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Gas Shale Well Completions

Stages per Lateral
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Stimulating the Future of Energy
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TECHNOLOGY

Technology that delivers
“More With Less”.

Technologies leveraged to
deliver a

“Whole Service”

to clients. §
N

o




Efficiency

Efficiencies are crucial for unconventional plays...

o

Surface operations

Downhole placement B

Treatment effectiveness \l |



Surface Efficiencies

24 Hour Operations

Factory Completions

Fit for Purpose Equipment




Downhole Placement Efficiency

Unlimited zones/stages

Open and cased hole independent
Extend length of horizontal wells

Short cycle time



Treatment Efficiency

Tertiary

ooy et Fanie S @ Surface area is critical for production
e N Eff|0|enc§ per frac stage has not significantly
increase
W8 —  We create 80 - 100 million ft? of fracture
% surface area

—  We produce from 6 — 10 million ft?

After Closure




TECHNOLOGY

Technology that delivers
“More With Less”.

Technologies leveraged to
deliver a “Whole Service” to
clients.




Public Questioning the Industr
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QLD Ministor for Natural Resourcos, Mines and Energy and Miister for Trade
The Honourable Stephan Aoberison
Wadnosday, August 04, 21

04,2010

Govemnment bans BTEX use in Coal Seam Gas Sector

ha Queensiand Govarmment has moved to ban percleum compounds containing
benzen, toluens, athyloenzans and xylanes, commonly refarrsd to as B-TEX,
usa in coal seam gas (CSG} oparalions o fraceing

" for Natural Resourca Minas and &

G indlus!

Ener bertson, said the

has tha potential to gerer:\le thousands of jobs and
olias in investmant for Queensiand

“But our numbar ona priori i w;me health and safety of tha community and tha
environment,” Mr Roberison

Wa want to make sure we strike the right balance between environmental
sustainability and economic growth.

*| hava already sought and raceived assurances from mdustry that these chemicals
are not currentl

‘But further io that
our commitment to

0 ensura tha protaction of the community and the smironmant is
/sgislata to ban them from svar being usaed in Qussnsiand

ha messaga is vary clear - no ana i
extraction of CSG.

owed 1o usa thasa chemicals in tha

“| wil also be wrting to all companies invoived in CSG extraction to advise them of
the naw requiatons and my expectation hal the cuen non-usa of B-TEX chentcals
will continua until such timas as new lagisiation is in plac

‘Queensiand has a rigorous mining approvals and Environmental Authority process
but 10 ansura this procass continues to agdrass new questions that may be raisad by
changes within industry technalogy, government must adapt o these processes.

Tha Gavammont il s tho Gxisting hos of o n ths Envirenmental Pratecin
Act 1589410 require the Depariment of Environmant and Resource Managament to
raluse any application for new coal seam gas acivities thal involva the usa of B-TE:
chemicals fo fracture the coal seam

The Government will &
include a provision tha
environmental authorit:

also mova to amend the Environmental P 004
ms' a new conditicn on all existing coal seam gas

Fraccing involves pumping fluid at high pressure into 2 coal seam to fracture th
saam and aliow gas to flow readily inio gas wals, although the vast majority of gas
wells do not need to be fracced.

In Quagnsiand, raccing fluids ara commonly 99 parcant sand a
percant is mada up

nd water. Around 1
o acetiv: typicaly Wiy e chernioal incleling sodum
nypochiorite, hydrochioric acid (both used in swimming pools), cellulosa {used o

© Six Degrees

Coal & Climate Campaign

A critically important prex

ion until the environment:

now on the Queensiand G

mpose an id

used and th

Sutin plac
concerns since fracking (or hyc

and en
slosions underground to
and could contaminat

rding to Si
owerful me:

need thi

cal. As we have consistently maintained, there is
& {he science is known and the impacts understood

a moratorium on a type of natura qas

ons of gallons of chemically tre

currring in the catchment of New "»rlr s

r supplies and
orium will

r farming and town water

There s no difference befween the fracking process in the US and here in the Surat
Basin.

The same companies are doing it, the same chemicals are being used and there is a
similar reltictance on the part of the companies to tell communities, or even the
reguiators, what chemicals are in the fracking fluids:
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Chemical Portfolio =8
v “Friendly” Fluids
v’ Fully functional, fully formulated and fully discl

““v/ Designed with additives that av - -

contaminants i e Nat “Friendy”
System

“Friendly"
System

S

“Friendly"
System

Traditional
Fracturing
Traditional Product
Fracturing “geeraes Portfolio
Product
Portfolio i

™ Fracturing
Traditional ' | &8 Product
Fracturing | Portfolio
Product
Portfolio

Typical R
in Tap Water

Increased Compound Restriction




o G
§& %
< TECHHOLOGY i
Fechnology that deivers
“More With Less ™.




Reservoir Focused Stimulation Methodology

——

Workflows and optimization

; Reservoir specific technology

\’ / A stimulation domain



Establishing Fracturing in Reservoir Workflows £
Leveraging Petrel c

Leverage Seismic-to-
simulation modeling
workflow

New HF stimulator:

e |nserts stimulation tools
and workflows into the
reservoir context

* Enables evaluation of the
effect of optimized multi-
stage stimulation
treatments

Geomechanical
Model

Reservoir Simulation Optimization



New HF Simulator: Key Components

Multistage Optimization

 Staging and perforation design
based on reservoir
characterization for

— Horizontal wells
— Vertical wells

FG~0.61 psilft FG~0.71 psilft FG~0.63 psilft

Fracture Models
* Fit-for-purpose and Rigorous
— Natural fractures

— Stress anisotropy
differences




Technology is Changing the Landscape

Evaluation Modeling & Design Placement Chemistry & Materials
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The Stimulation Domain:
Connecting the Pieces and Delivering the Value of Technology

Fracture @&

Stimulation | ” 39.
Conductivity, fluids, N -
T : N o o
HHH“‘“H CheV I}, \/(.56\‘%90@% /',../
e |,' e I_“‘ -
[ R e
.I =5 /
Applying
Petrophysics _. Cross-Domain Modeling
Lithology, Porosity, Fabnic, Natural Complex fracture models

fracture density Expertlse Well & Resenvoir Performance
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Unconventional Reservoirs

= Largest growth market
= Largest dependency on stimulation

= Dependency on technology
advancement
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Technology that delivers

Unconventional Production Mechanisms A==

= Shale Gas Flow Mechanisms

= (Cleanup, Flowback
Mechanisms and Modeling
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Fracture Geomechanics and Modeling

Geomechanics
m Hydraulic Fracture Geometry Prediction

m Proppant Placement

m Impact of :
— Geometrical complexity (existing NFs)

— Heterogeneity (variation in properties)
— 3D stress field

Hydraulic
Fracture

Discontinuity

TerraTek Large

Block Test L b~
Experiments /;2/ SPE139984
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Unconventional Reservoir Chemistry =%
Improving Productivity in Hydraulic Fractures =

Fluid retention and partitioning

"% A3D optical
microscope image

of 40/70 proppant - . .

| e Chemo-mechanical rock failure
. Haynesville
shale sample

Chemical scale deposition

BaSO, scale
deposition on
proppant grains
recovered during
flowback from a
Haynesville well



Geothermal Well Integrity Challenge

m Challenge
* Produce hot water or steam
* Geothermal reservoirs generally naturally fractured
* Chemistry of Produced fluid

m Consideration on cementing design
* Potential casing creep
* HT reservoir
e Salinity of produced brines/Possibility of dissolved CO2
* Potential lost circulation



Geothermal Well Integrity Solution

m Casing must cemented to surface

m Best cement practice with engineered design

m Lost circulation solution

m Thermal stable cement with resistance to corrosive brine/CO2




Thermal Stable Cement

Optimized cement based blend

e «— Portland cement
Thermal Stable ‘ ‘
Low Permeamibility ® 9. Silica particle
. — . L
High Coefficient of Thermal Expansion & . e
T g r I\ i 1 = 5
Utilizes standard cementing equipment - ‘ resistant particle
Density
— —————
. ]
, 11.7 Ibm/galus 14.2
Young's modulus 1.4 SG 17
Less than
MPa 4500 Expansion
—
—
Steam Injection Temperature 0% 2%
—;—
PR A S R S
Deg C 250 350
Deg F 482

662 Photo courtesy of EnCana



Innovation for a Step-Change in Conductivity

Channel Fracturing

Incremental improvements in:
*Fluid technology (gel loading, polymer-free)
*Proppant (size, mesh, strength)

Fracture Conductivity

1947 Theoretical 2
maximum f*‘;

(conventional 5

proppant) e

2010-2011



Channel Fracturing:
A Paradigm Shift in Hydraulic Fracturing

f 1947 First hydraulic fracturing job MIXING TANK
1950 Fracturing using gelled oil ' L BREAKER TANK

0 H--‘-Mr- — __ ‘ . : _" 3 : ? .“ .

| (7::‘: K] e | |

1960 Water-based, non crosslinked fluids - -~ 50"~ 87 PRE:
1968 Borate crosslinked fluids =
1973 Crosslinked derivatized guars (HPG, CMHPG, etc) e
1977 High-strength ceramic proppants _ : _ X I
1980 Foamed fracturing g ————
1988 Encapsulated breakers R
1990 Fiber based flowback control A ‘
1994 Low polymer loadings -
1997 Viscoelastic surfactants (VES) \ PO o
2001 Micro-seismic used to monitor frac jobs Y
2003 Horizontal well, multistage fractures i AVE [/l

2005 Fiber based proppant transport

2010 Flow-Channel Fracturing
2011 Complex fracture modeling




Integrated Technology to Improve Completion

More Optimization Less Waste
Field Optimization

Well Optimization
Well Development
3D Property lanning Completion Stimulation
Optimization Design

. START |77 i J Monitoring

Production
Simula i

Petroleum System

¢ Modeling

Seismic Acquisition
& Interpretation



Questions & Answers

Thank you for your attention

A
AR




