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Hydraulic Fracturing (HF) Basics

If one HF is
good...then
multiple HFs
must be even
better.
Right?!?
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Completion Engineer For A Day

A completion engineer essentially makes four (4)
major decisions about his shale well:

» Stage spacing (# and distance between fracs)
» Stage volume (fluid and proppant)

» Stage rate

» Fluid viscosity

....and landing location in conjunction with asset team
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eomechanical Effect of Hydraulic
Fractures - In-situ Stress Changes
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S,... Change: 0.8MPa/116psi@207m
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Single Stage Stress Shadow Effect

Note that the “Stress
Shadow” is non-planar and
responds to the width of the
created HF.
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Shmin ~f(height) — Single Stage

Shmin Wellbore Stress Profile: 1st Stage Only
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SHmax ~f(height) — Single Stage

SHmax Wellbore Stress Profile: 1st Stage Only
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Sv ~f(height) — Single Stage

Sv Wellbore Stress Profile: 1st Stage Only
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Stress Before Hydraulic Fracturing
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Stress Change Due To A
Hydraulic Fracture
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Stress Change Due To A
Hydraulic Fracture
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When the net
pressure is
high enough,
the Shmax and
Shmin
orientations
can swap...

Fracture — Stress Rotation
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Two Fracs: 2" Growing
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Two Fracs: 2"° Full Length
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Two Fracs: 2" Full Length
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Shmin — Dual Frac, H=40m

Shmin Wellbore Stress Profile: 40m Frac Height
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Shmin — Dual Frac, H=60m

Shmin Wellbore Stress Profile: 60m Frac Height
Change in Shmin measured at the wellbore as f(stage spacing)

26.0

E 25.5

2

a 25.0

(]

s

¥ 245

£

E

< 24.0 s

N
w
wn

200 300 400 500 600 700 800 900
Distance Along Wellbore (m)

——56m_60 = -70m_60 - -154m_60
Stage Spacing

Stress Shadows and Zipper Fracs

21

2014

Shmin — Dual Frac, H=80m

Shmin Wellbore Stress Profile: 80m Frac Height
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Shmin — Dual Frac, Sp=56m

Shmin Wellbore Stress Profile: 56m Stage Spacing
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Shmin — Dual Frac, Sp=70m

Shmin Wellbore Stress Profile: 70m Stage Spacing
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Shmin — Dual Frac, Sp=154m

Shmin Wellbore Stress Profile: 154m Stage Spacing
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Dynamic Stress Shadows

Dual Hydraulic Fractures

Single Hydraulic Fracture
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Stress Sl-waaows ?or Slmu,taneous VsS.

Sequential HFs

%1’ %1’

1

315 315
31 31
1305 : 305
3 3

t 205 f 205
129 2o
285 285
28 28
275 275
27 27

Planview at injection point

Initial Pore Pressure=20 MPa, Remote Stresses=30/33 MPa
Initial Aperture=1e-4m, Friction Angle=25°
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Stress Shadows Along the Wellbore

Multi-stage fracturing causes a rise in inter-
frac stress, which stabilizes natural fractures!
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AShmin: 18 Stage Irreqular Spacing
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Stress Shadows: ISIP Field Data
5500 Yes, the stress shadow
can be seen in field data.
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Stress Shadows: Influence on
Stimulation Design — HF Rotation

Because the stress shadow effect is
non-planar, it can induce a rotation
of subsequent hydraulic fractures.

|
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Frac Rotation - Field Evidence

Under certain
conditions, the
stress shadow wiill
cause 90° fracture
rotation.

What is the
significance for MS
. evaluations??
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Horz Shear: 0.4MPa/58psi @123m
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The Effect of Aspect Ratio on Maximum
Horizontal Shear Stress Variation

Zones with more than 10% variation in Max. horizontal shear stress:
Red=increasing, Blue=decreasing

» Max. horizontal shear stress increases within a considerable volume of the rock
away from the fracture tip.

* The zone of increasing Max. shear stress is affected by the smaller dimension of
the fracture

e 34
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The Effect of Fracture Interaction in
Multistage HF on Max. Shear Stress Variation

Zones with more than 10% variation in Max. horizontal shear stress:
Red=increasing, Blue=decreasing. Fracture Spacing, D= H=80.0 m

» The second fracture significantly increased the size of the increase sheared region
around the first fracture as compared to the single fracture model.

* The increased shear region spanned the full distance between the two hydraulic
fractures around the horizontal leading edge for all aspect ratios
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Zipper Frac: Stg#1-Shmin

Shmin (Pa)
Plane: on back

A four stage Zipper
frac is shown. The
first frac has been
pumped.
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Planview along mid-height of fractures
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Zipper Frac: Stg#1-AShmin

Change in Shmin
Plane: on
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A four stage Zipper
frac is shown. The
first frac has been
pumped.

Around the
hydraulic fracture,
the stress field
(Stress Shadow) has
increased in
magnitude.

Planview along mid-height of fractures
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Zipper Frac: Stg#4-AShmin

B | A four stage Zipper
frac is shown. The
fourth frac has
been pumped.
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Planview along mid-height of fractures wells.
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Zipper Frac: Stg#4-Max Shear

SHimay o A four stage Zipper
Ls frac is shown. The
Max Shear Stress (Pa) hln,'n fourth fl’ac has
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been pumped.

With the exception
of minor, very near
fracture effects, the
Max Shear stress is
significantly
reduced
throughout the
region of the two
wells. This means
less energy to shear
natural fractures
Planview along mid-height of fractures and weak planes
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When Hydraulic Fractures Interact

There are two basic forms of HF interaction: overlapping
tips (A) or direct communication (B).

The basic behavior of these needs to be considered
before considering the impact on natural fractures or
weakness planes.

A) . HF#2
R 105m _____ 5 §+
HF#1
B)
Fromcrmsnn A e~ * HF#2
HF#1 B
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Tip Movement for Overlapping HFs

‘ Overlapping Hydraulic Fracture Wing Growth
n
As the tips overlap, their movement
is impeded and the HFs grow
outwards
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Overlapping HFs Stress Changes

Shmin (29 to 34 MPa) Sxy Shear (0 to 5 MPa)
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Summary

The stress shadow effect can be an important issue for
hydraulic fracture design for multi-stage horizontals:

— The stress shadow effect increases all three principal stresses around an HF.
— The stress shadow effect is cumulative when stages are close.

— The stress shadow effect will increase injection pressures and ISIP values
along the wellbore.

— The stress shadow effect may lead to HF rotation.

— Cluster injection (and limited entry perforation design) are directly impacted
by stress shadows.

— The stress shadow effect between multiple wellbore is complex and needs to
be fully accounted for in completion designs.

— Stress Shadows and Zipper Fracs
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Questions??

Neal B Nagel, Ph.D.
Chief Engineer
OilField Geomechanics LLC
www.ofgeomech.com
nnagel@ofgeomech.com
Office: 1-832-327-9566
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