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Coupling between reservoir flow
and geomechanics
@Volume Coupling

n Skeleton moduli and volume changes are functions of
stress state and temperature

n Reservoir flow pore volume changes are de
strain and bulk volume changes

n Pore volume in fracture plane based




Fully Coupled Model Characteristics

@ Fully couples fracture mechanics with reservoir and
geomechanics simulation within one common Stat tic s
system

@ Fracturing model is embedded implicitly | int e
geomechanics solution via the displa
face, and can compute the physi //i?;a,.
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Advantages of Coupled Model

» Multiphase flow and leak-off, Heat flow

@ Radial or spherical leak-off

@ Relative permeability effects (fracture and matrix)
@ Turbulence (fracture and matrix)

n Post-frac damage, clean-up and long:term: perfermance

librated model that can explain treatment rESUILS;
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Injection/production
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Model Description

@ Reservoir Model
n Thermal multi-phase 3-D fluid flow (press_ur

n Pressures and temperatures from the eser/oJr iow
module will be transferred Into n ""”""gegrne lanics

deformation and stress
Q Geomechanics Simulation
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Model Description
@ Fracturing Model

n Fracture propagates in one of the boundary pla

boundary plane.

n Fracture width becomes the reles
on the boundary plane.
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Coupling Methodology

@ Iterative Coupling Algorithm

Update B.C.
' ﬂl ' Geomechanical
Reservoir

. : i :
Simulation Simulation
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Model Description

@Initial and Boundary Conditions.

» Closed boundaries for fluid flow in re:
S|mulat|on

Criteria:

wFracture Width

Reservoir



Model Description
@ Fracture Length and Height
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Model Description

o Fracture Permeability in Reservoir
Simulation — included In ,,.e' sibility ty

ervolr Simulation



Model of A Typical Bossier Well:
Data (SPE 77600)

@ 10 layer and 1 layer Main Constraints:
Reservoir

Layer dz phi SW Khoriz kvert K x dz
ft md md md-ft .
1 18.5 0.0927 0.1707 0.0231 0.0023 0.4265 fraCtu rlng pre
2 12 0.1224 0.1248 0.078 0.0078 0.9355 1
3 8 0.1074 0.1762 0.0415 0.0041 0.332 12’000 pSIa
4 5 0.1191 0.0595 0.2107 0.0211 1.0535
5 10 0.0891 0.094 0.0401 0.004 0.401
6 14 0.0743 0.2803 0.005 0.0005 0.0695
7 8 0.1034 0.1586 0.0359 0.0036 0.2875
8 76 0.0749 0.1361 0.0117 0.0012 0.8915
9 10.5 0.1166 0.1856 0.0469 0.0047 0.492
10 7 0.1026 0.2732 0.0197 0.002 0.138
Layer dz phi SW Khoriz kvert K x dz
ft md md md-
1 169 0.08892 0.157072 0.029746 0.002975 5
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Model of A Typical Bossier Well: Results

@ Model without geomechanics (constant
permeability and C;):

n Frac dimensions 2 1/2 larger than micreseismic limit
n Not capable of matching the early cleanup data

@ Model with geomechanics:

n Very large permeablility enhancement during
pumping (60 x)

n Some stress dependency during preduction

n Matches all data simultaneously.

@ Multiphase leak-off also Impertant for

Match after the PBU (98 days) Model Actual

Total gas produced (Scf) 3.37E+08 3.28E+08
Total water produced (STB) 4406 4209
Press at the end of PBU (psia) 4465 4433

 |Created frac length (ft) 380 350-450 12;%?2/:}7,/5
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Typical Bossier Well — Overall Match
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Water Saturation around Frac
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Water saturation
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Water Saturation around Fracture —
effect of Heterogeneity (layering)
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Results from Coupled Model

@ K=f(s’) during fracturing and retained post-
treatment

@ Relative permeabillity effects
Q Water blockage after treatme

(length) |
@ Long-term gas/v ter production from shales/—
Learn about reservoir from productien data
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Summary: Candidate Selection

@Complicated Leak-off cases:
» Less frac length than designed

» Poor frac conductivity — relative permeability.
or turbulence

» Stress dependent permeability effects — dec
frac conductivity or productivity withi depleti

@High leak-off cases:
» Waterflooding, PWRI, CR
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