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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

• Fracture Modeling

• Advances in Materials and Techniques

• Fracturing High Permeability Wells

Third Generation

• Fracturing Fluids

• Multistage Technology

Fourth Generation

• Horizontal Well Application

• Further Enhancements to Fracturing Fluids

• Operational Initiatives & Efficiency



Evolution of Hydraulic Fracturing in N. America

Example Plays

� Carthage

� Red Oak

� Wilcox

� 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
2

or N
2

� High Level of QA/QC

� CADE Designed

Example Plays

� Uinta

� Piceance 

� Jonah

� Pinedale 

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

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



Horizontal rig count started to climb with Shales



Gas Shale Well Completions
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Stimulating the Future of Energy



Future Stimulation Vision

TECHNOLOGY

Technology that delivers 

“More With Less”. 

Technologies leveraged to 

deliver a
“Whole Service”

to clients. 



Efficiency

Efficiencies are crucial for unconventional plays…

• Surface operations

• Downhole placement

• Treatment effectiveness

TECHNOLOGY

Technology that delivers 

“More With Less”. 

Technologies leveraged to 

deliver a “Whole Service” to 

clients. 



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
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fracture � Surface area is critical for production

� Efficiency per frac stage has not significantly 

increased

– We create 80 – 100 million ft2 of fracture 

surface area

– We produce from 6 – 10 million ft2



Environment

• Chemical transparency

• Environmental profile

• Footprint reduction

TECHNOLOGY

Technology that delivers 

“More With Less”. 

Technologies leveraged to 

deliver a “Whole Service” to 

clients. 



Public Questioning the Industry



Chemical Portfolio

� “Friendly” Fluids

� Fully functional, fully formulated and fully disclosed

� Designed with additives that avoid the use of Priority Pollutants (USA) and 

contaminants listed on the National Primary Drinking Water Standard
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Environmentally Engineered Fracturing

Frac Fluids

Resources

Footprint

Emissions

Truck Traffic

Water Management



Reservoir Focused Stimulation Methodology

TECHNOLOGY

Technology that delivers 

“More With Less”. 

Technologies leveraged to 

deliver a “Whole Service” to 

clients. 

• Workflows and optimization

• Reservoir specific technology

• A stimulation domain



Reservoir Simulation Optimization

Reserves
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HF Simulator
Microseismic Monitoring

Establishing Fracturing in Reservoir Workflows 
Leveraging Petrel

Leverage Seismic-to-

simulation modeling 

workflow

New HF stimulator:

• Inserts stimulation tools 

and workflows into the 

reservoir context

• Enables evaluation of the 

effect of optimized multi-

stage stimulation 

treatments

Structure Lithology
DFN

Geomechanical 

Model



New HF Simulator: Key Components

Multistage Optimization

• Staging and perforation design 

based on reservoir 

characterization for

– Horizontal wells

– Vertical wells

Fracture Models

• Fit-for-purpose and Rigorous

– Natural fractures

– Stress anisotropy 

differences



Technology is Changing the Landscape
Evaluation Modeling & Design Chemistry & Materials MeasurementsPlacement



The Stimulation Domain: 
Connecting the Pieces and Delivering the Value of Technology

Applying 

Cross-Domain 

Expertise



Unconventional Reservoirs

� Largest growth market

� Largest dependency on stimulation

� Dependency on technology 

advancement

Tight Gas Carbonate Shale GasCBM

TECHNOLOGY

Technology that delivers 

“More With Less”. 

Technologies leveraged to 

deliver a “Whole Service” to 

clients. 



Unconventional Production Mechanisms

� Shale Gas Flow Mechanisms

� Cleanup, Flowback 

Mechanisms and Modeling
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Geomechanics

■Hydraulic Fracture Geometry Prediction

■Proppant Placement

■ Impact of :

– Geometrical complexity (existing NFs)

– Heterogeneity (variation in properties)

– 3D stress field

Fracture Geomechanics and Modeling

TerraTek Large 

Block Test 

Experiments SPE139984

SPE140253



Unconventional Reservoir Chemistry
Improving Productivity in Hydraulic Fractures

Fluid retention and partitioning

Chemo-mechanical rock failure

Chemical scale deposition

A 3D optical 

microscope image 
of  40/70 proppant 

embedment into a 

Haynesville 

shale sample

BaSO4 scale 

deposition on 
proppant grains 

recovered during 

flowback from a 

Haynesville well



Geothermal Well Integrity Challenge

■ Challenge

• Produce hot water or steam

• Geothermal reservoirs generally naturally fractured

• Chemistry of Produced fluid

■ Consideration on cementing design

• Potential casing creep

• HT reservoir

• Salinity of produced brines/Possibility of dissolved CO2

• Potential lost circulation



Geothermal Well Integrity Solution

■ Casing must cemented to surface

■ Best cement practice with engineered design

■ Lost circulation solution

■ Thermal stable cement with resistance to corrosive brine/CO2



Thermal Stable Cement
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resistant particle

Optimized cement based blend

� Thermal Stable

� Low Permeamibility

� High Coefficient  of Thermal Expansion

� Utilizes standard cementing equipment
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Innovation for a Step-Change in Conductivity
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•Fluid technology (gel loading, polymer-free)
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2010

2000

1990

1980

1970

1960

1950

Channel Fracturing: 
A Paradigm Shift in Hydraulic Fracturing

1947 First hydraulic fracturing job

2011 Complex fracture modeling

1950 Fracturing using gelled oil

1960 Water-based, non crosslinked fluids

1968 Borate crosslinked fluids

1973 Crosslinked derivatized guars (HPG, CMHPG, etc)

1980 Foamed fracturing

1988 Encapsulated breakers

1994 Low polymer loadings

1997 Viscoelastic surfactants (VES)

1977 High-strength ceramic proppants

2001 Micro-seismic used to monitor frac jobs
2003 Horizontal well, multistage fractures
2005 Fiber based proppant transport

1990 Fiber based flowback control

2010 Flow-Channel Fracturing



Well Optimization
Completion

Optimization
Stimulation

Design

Production 
Simulation

Monitoring

Petrel

Seismic Acquisition
& Interpretation

Petrophysics

3D Property 
Model

Geology

Well Development
Planning

Petroleum System 
Modeling

Geomechanical 
Model

START

Field Optimization

Integrated Technology to Improve Completion
More Optimization Less Waste



Questions & Answers
Thank you for your attention

31


