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Key Questions for Horizontal Success

Where Do | Land the Horizontal Well?
How Do | Complete The Well?

Where Do | Complete The Well?

How Many Completions Do | Need?
How Do | Fracture Stimulate The Well?
What Fracturing Fluid Do | Use?

What Pump Rate Should | Use?



Key Questions for Horizontal Success

e Where Do | Land the Horizontal Well? Core

e How Do | Complete The Well? Permeability/Core

e Where Do | Complete The Well? Core

e How Many Completions Do | Need? Permeability

e How Do | Fracture Stimulate The Well? Core

e What Fracturing Fluid Do | Use? Permeability/Core
e What Pump Rate Should | Use? Core

* Core Represents Mineralogy, Rock and Geomechanics



Keys to Horizontal Success

e Design For Success Through Petrophysics
— Ductility (Mineralogy, Rock & Geomechanics)
— Permeability

e Completion(s) & Stimulation(s)
— Fracture Length & Lateral Length

* Execute, Execute, Execute
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Historical Perspective: Horizontal Wells
Horizontal Well Characterization & Objectives
Basis of Water Frac Designs — Ductility
Permeability
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Summary



Horizontals: A Historical Perspective

SPE Horizontal Well Papers
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Well Characterization & Objectives

Metrics Used To Determine The Optimum
Distance Between Fractures/Compleions
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Well Characterization & Objectives

Effect Of Lateral Length On Completion Optimization

Net Present Value, MS
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Well Characterization & Objectives
Effect Of Fracture Length On Completion Optimization

The Longer The Fractures The
More Completions To Be Optimal
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Well Characterization & Objectives
| Unconventional : @ >| Conventional |

Distance Between Fractures, Feet
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Basis of Fracture Design
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Schematic of a Water-Frac
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Un-propped Crack Tests Integrate The
Lab Results With The Field &
Explains The Effect Of Poor Proppant Coverage!



Water Frac Guidelines
Must Depend on Un-Propped k.w
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Un-Propped Frac Height, ft

Why Un-Propped Crack Testing?
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MCFPD

Water-Frac’s Must Depend On
Un-Propped Fracture Conductivity
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Mineralogy & Ductility

Proppant And Fluid Selection & Quantity:
Mineralogy

Quartz

Clay Constituents Less Than 40%
Minimal Swelling Clays (Smectite)

Catbonate Clay




Young’s Modulus & Brittleness

Proppant And Fluid Selection & Quantity:

Young’s Modulus
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Normalized k

Un-Propped Crack Test & Ductility

Proppant And Fluid Selection & Quantity:
Un-Propped Crack Conductivity
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Basis of Fracture Design
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Minimal Required Proppant, Ibs
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Water Frac Design Example

Fluid Viscosity, 1 cP
Frac Height, 300’

40/70 Ottawa Sand

Barnett Design:

- 100 BPM

* Young’s Modulus 4 x 10° psi
25 BPM Need 35 mlbs
50 BPM Need 40 mlbs
100 BPM Need 45 mlbs

- 50 BPM

2 4 6 8 10
Static Young’s Modulus, x 10° psi

12



Water Frac Design Example

ﬁg\ — Barnett Design:
\%t qa_.g—_z * Young’s Modulus 4 x 10° psi

0.25 PPG Need 250 mgals

0.50 PPG Need 110 mgals
1.00 PPG Need 60 mgals

Minimum Fluid Requirement
Does Not Consider Dilation!
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Post Fracture Decline Analysis Example

Logistical & Material Sourcing Issues
Required An Extended Shut Down:
So We Monitored Pressure Decline!
i}
e
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< / | Stage 5 | J
i}
e
wn
! 184230204 A3s88R00 7213 B 12 B2 25000 50000 0 7 0.0000 0.0032
GR API DT35 US/M Stress psi DPRS PERC Pcl E Loss Coefficient
2.004.507.00 293410527 797 2220 3643 (kPa) (MMpSI) (f'r]sqrt(mm))

Dyn PR unitless €166 shear US/M NPRS PERC

2.004.507.00



Calc BHP(kPa)

Post Fracture Decline Analysis Example

|
OBlessed dP/d[sqrt(dt)]
Pc 81427.85 _
Tc 0.57 Isip
EFFc 0.59 #
Isip 83083.99

dPs 1656.14 Used The Shut Down To
? Make Real Time Completion
2 & Stimulation Decisions!
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Post Fracture Decline Analysis Example
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Post Fracture Decline Analysis Example
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Geomechanics of Horizontal Wells
Gy = 10,000 psi, Gimax = 7,500 psi, Grimin =6,000 psi |
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Geomechanical Implications

o Slide Keys:

5 Fractures When The Distance Between

21 The Fractures Is > 2 Times The
< Fracture Height Minimal
g —|| Effect On Fracture Width &
= Flow Resistance!
E 0.5
; 15
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Two Interfering Fractures w/
Contained Fracture Geometry

Flow Resistance

1.0




Geomechanical Implications

What Is The Likely Fissure Direction In The Current
Stress State Whereby:

e The Natural Fissures Are Open,
e The Fissures Are Conductive, And
e Potentially Contributory To Well Performance

Such A Natural Fissure
Is Deemed Critically
Stressed

Critically Stressed
Fracture Orientations



Geomechanical Implications

The Object Of The Completion(s) & Fracture
Stimulation(s) Is To Effectively Contact As

Much Reservoir As Possible:

— Micro-Seismic Data Used To Assess Contacted
Volume Or Stimulated Reservoir Volume
Where:

SRV =L x H x W of Micro-Seismic Event Map
Often 2(x;) x H¢ x L,



Geomechanical Implications

Stimulated Reservoir Volume
10 T Microselsms Bigger The Frac Volume The Greater
. The Stimulated Reservoir Volume &
1000 + . \ . ~2100ft The Greater The Hydrocarbon Recovery
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Geomechanical Implications
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Geomechanical Implications

But Does Complexity Or Stimulated Reservoir
Volume Add Up To Hydrocarbon Recovery

= 1.e-4 mD, Spacing = 300 ft (main fra

k= 1.e-4 mD, Spacing = 300 ft {(main frac)
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Keys to Horizontal Success

e Design For Success Through Petrophysics
— Ductility (Mineralogy, Rock & Geomechanics)
— Permeability

e Completion(s) & Stimulation(s)
— Fracture Length & Lateral Length

* Execute, Execute, Execute
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