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* Introduction
» Early work

e Geomechanical considerations of multi-fractured wells
 Vertical wells
» Horizontal wells
« Conventional
* unconventional

* Issues and challenges
* Infill drilling
» Refracturing in horizontal wells
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» Rock mechanics considerations in fracturing well and stress shadow

(interference) is not new.

» Application for multiple fracturing of horizontal and vertical wells is not exactly

new
» Treatment issues exist in breakdown, propagation and re-orientation of fractures

» Conventional practices for stimulating horizontal wells must be challenged
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‘ Dimensionless Stress Variation versus Dimensionless Distance Penny-Shaped Fracture ‘
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Refrac and multiple fracturing of vertical wells EEEEEEE

» Proposed for
* low perm formation
* Declining fracture productivity

» Observed during drill cutting re-injection
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Tangential Stress at Wellbore Wall
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Cumulative production comparison for one and two fractures
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Single Fracture

« Reorientation

« Multiple Fracture (away from wellbore)
GeoMechanics Congress — April 18, 2018

Single Fracture

« Single
* T-shaped
* Multiple

« Multiple (at wellbore) G Hmin
« Reorientation

Abass - SPE Production &
Facilities Journal, August 1996
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Fracturing Pressures from Arbitrarily Oriented
Horizontal Wells
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Change of Stress, Multiple Fracturing of a Horizontal Well S Co SRS

Ratio of Change of Stress Contrast to Original Net Extension
pressure During Multiple Fracturing of a Horizontal Well
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Why it happens and how to maximize it?

Brittle rock

Low stress Contrast

Naturally fractured

Fracture parts of the formation that are “Brittle”, reduce stress contrast
 Zipper Frac
 Alternating Fracturing
» Modified Zipper Frac
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Geomechanical Considerations of Multi-
Fractured Wells

Consecutive

Fracturing
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Change in Minimum Horizontal Stress ( psi)
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Alternating

Fracturing

SPE 130043
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Change in Stress, Alternating Fractures
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Implementing Alternating Fracturing (TTS)

Alternating Fracturing Application by LUKOIL LUKOIL Group’s Average Flow Rates in Western Siberia,

bbl/d
700

» Eight horizontal wells in 2013/2014 in Western 000

500
Siberia using TTS
400

» The horizontal wells post TTS-based MZHF have four

times higher flow rate

u Horizontal wells post TTS-based MZHF
= Horizontal wells post standard MZHF

= Post-frac sidetracks

GeoMechanics Congress — April 18, 2018
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Propagation of Multiple Fractures (Clusters)

GeoMechanics Congress — April 18, 2018

UNIVERSITY of

Propagation of Clusters

Rezaei, et al 2015
ARMA-2015-449

Mazimum Horizonisl Stress (MPa)

2, Clungela Bikar Jrads PR et ‘:’““" Mirimum Horitooiel
P
gu s g
PN e D
' I I
20 40 .'.b?w- I|n 20 i m MW

GeoMechanics Congress — April 18, 2018

22



M.Y Soliman, PhD, PE, NAl  UNIVERSITYof HOUSTON

All Rezaei PETROLEUM ENGINEERING

UNIVERSIT

_ _ HOUSTON
Overlapping Zones of Two Interacting Fractures
Changs in Sigma,, (MP) )
150 ke 10
Rezaei, et al 2015 m[
ARMA-2015-449 = ‘ : 2
B0 et -50 4 "
_ 100 A1
§ &5 150 100 50 o 50 100 150 1°
=3: -,
g Qe e e
3%: i = 10
§~mc
Mo 0 B 6 B0 W0 o i
xm)- sign'laH direction o
-5

GeoMechanics Congress — April 18, 2018

ions i HOUSTON
Fracture Interactions in Nature ION

(/A vein in granite
Rock

Overlapping
spreading centers

Swain 1978, Pollard 1984, Atkinson 1987

23



M. Y Soliman, PhD, PE, NAI
Ali Rezael

UNIVERSITYof HOUSTON

PETROLEUM ENGINEERING

Fully Poroelastic Model
« Infill well fracturing

 Refracturing
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Infill Well Drilling & Refracturing
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tg~0 Dominated

/ fract‘ures \

Horizontal Well

Horizontal Well

Fractures at their
final lengths

Depleted area
around fractures
after production
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» Depletion of legacy wells creates a pressure sink that

attracts fractures from new infill wells nearby
* The sink moves away from the legacy well with time

* It is desired to mitigate the asymmetric propagation in

order to reach to the intact areas of the reservoir

GeoMechanics Congress — April 18, 2018
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» Several methods to avoid asymmetric growth of the

hydraulic fractures from infill well

* The asymmetry may be observed in both lateral and

radial direction of the wellbore

* Study this issue numerically,

GeoMechanics Congress — April 18, 2018
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Infill Drilling
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- Depleted zones
+ q ~ Several hours / I \

Parent Well I I I

Child Well
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Propagation of the Child Fracture Vs. Spacing
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Asymmetric Propagation Path from a child well
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Fast Multipole Fully Poroelastic Model

New numerical technique that has

been used in quantum chemistry

Method
Exact PDDM

GeoMechanics Congress — April 18, 2018
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* New challenges in stimulation of wells, specially in shale
formations

» JPT listed some of those challenges that included
* Stress shadowing
 Fracture conductivity
» Optimization of fracture and fracturing parameters

GeoMechanics Congress — April 18, 2018
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