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Problem Statement

Complex Network of Fractures

Large variations of
— scale

— connectivity

— conductivity

Discrete Fracture Network
Model (DFN)

Dual-Porosity Models

Fractures

Matrix

Not the tool of choice for most routine engineering
applications
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Practical but highly idealized




Problem Statement

Complex Network of Fractures

Alternatives to account for the non-uniform distribution of fractures

¢

ANONMALOUS (FRACTIONAL) DIFFUSION
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Background

Diffusion Result of the Random Brownian Motion of individual particles

General relationship between o, and ¢ :

Superdiffusion

y>1 Normal Diffusion
y=1

Subdiffusion
y<1

>
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Scope of Research

To investigate the potential of the

ANOMALOUS DIFFUSION concept as an

alternative to the dual-porosity idealizations

of the SRV.
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Approach

The TRILINEAR FLOW MODEL is modified

by replacing the dual-porosity idealization

with the anomalous assumption.
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Trilinear Flow Model
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Trilinear Flow Model

Trilinear Dual-Porosity Model
(TDP)

Inner Res. = Dual-Porosity

B k 6Ap|
U OX

V|=

Trilinear Anomalous Diffusion Model
(TAD)

Inner Res. = Anomalous Diff.

VI - —la atl—a

o1=% (6Ap,
OX

), O<ax<l

]
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TDP & TAD Models

TDP TAD

_ — Ui _ _ . 4
pWD - (pFD)xD=0 - SCFD\/a_Ftanh(\/a_F) pWD - (pFD)xD=0 - SCFD\/a_Ftanh(\/a_F)

Wellbore
Press

1—-a
; (o) sl (Gom)
Ay = +u ap = | — 1+
0 CrpYeD 0 i Po

= 1/S/YIOD tanh !,/S/UOD (Xep — 1)] S/TIOD tanh “ /710D (Xep = ]

2 2 A ¢ 1
= BF tp = [ i (Uz) siag, +—S]

CFD nFD wp Ap XF NFp

Br = Vaotanh|\/ag(yep — wp/2)] Br = Vaotanh|\/ao(yep —wp/2)]
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Verification of TAD Model

1.E+03

' Delta P (TDP: f(s)=1 - homogeneous)

o dDeta_P (TDP: f(s)=1 - homogeneous) /
1LE+02 /

—Delta_P (TAD: ¢=1 - normal diffusion)

——dDelta_P (TAD: ¢=1 - normal diffusion)

1.E+01

« TAD Model is verified

— homogeneous model

1.E+00

Pressure Drop, Ap (psi)
Derivative of Pressure Drop, dAp/dint

1.E-01 i
— dual-porosity model “
1.E-02
1.E-02 1.E-01 1E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06
Time, t (hr)
1.E+03
. . . = Delta P (TDP)  ---—-- dDdta_P (TDP)
« Asymptotic approximations RN
=%
24
2-.‘;‘ 1LE+01
are developed
?:g LE+00
2%
@
5:-% 1.E-01
a2 ©=0.0011 k,=1200
LE-02 | o7 3=0.01 o=0.8
= k~1.0E+6
Kk,=1.0E-4
1.E-03
1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07
Time, t (hr)
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Discussion of Results

Effect of Fractional Order of the Time Derivative (o)

—— Delta_P (TAD, a—0) - - -dDelta_P(TAD, u—0)
Delta_P (TAD, 0=0.1) dDelta_P (TAD, 0=0.1)
—— Delta_P (TAD, ¢=0.2) - - - dDelta_P (TAD, 0=0.2)
J| = Delta_P (TAD, ¢=0.3) - - - dDelta_P(TAD, 0=0.3)
Delta_P (TAD, 0=0.4) dDelta_P (TAD, a=0.4)
——— Delta_P (TAD, ¢=0.5) - - - dDelta_P (TAD, ¢=0.5)
— Delta_P (TAD, 0=0.6) - - - dDelta_P (TAD, 0=0.6)
| Delta_P (TAD, 0=0.7) dDelta_P (TAD, a=0.7)
— Delta_P (TAD, ¢=0.8) - - - dDelta_P(TAD, 0=0.8)
— Delta_P (TAD, ¢=0.9) - - - dDelta_P (TAD, 0=0.9)
—— Delta_P (TAD, ¢=1.0)
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Discussion of Results

Effect of Fractional Order of the Time Derivative (o)

——dDelta_P (TAD, 6=0.0)
dDelta_P (TAD, a—0.1)
——dDelta_P (TAD, a=0.2) i
—dDelta P (TAD, 0=0.3) oa — 0
dDelta_P (TAD, a=0.4) /
-dDelta_P (TAD, 0=0.5) '
——dDelta_P (TAD, a=0.6) Paip
dDelta P (TAD, ¢=0.7) P i .
——dDelta_P (TAD, a=0.8) 7 LA |Onger Interru pt|0nS
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Discussion of Results

Combined Effect of Anomalous Diffusion Parameters
(o and k)

Delta_P (0=0,k_0=1.2) = = = dDelta_P (0=0,k_0-=1.2)
Delta_P (a=0,k_a=0.6) = = = dDelta_P (¢=0,Kk_a=0.6)
Delta_P (0=0,k_0=2.4) = = = dDelta_P (0=0,k_0=2.4)
Delta_P (0=0.5,k_0=1.2) — — — dDelta_P (0=0.5,k_0=1.2)
Delta_P(a=0.5,k_0=0.6) = = — dDelta_P (0=0.5,k_0=0.6)
Delta_P (0=0.5,k_0=2.4) = = = dDelta_P (0=0.5,k_a=2.4) increase
Delta_P (0=0.9,k_0=1.2) = = = dDelta_P (0=0.9,k_0=1.2)
Delta_P (¢=0.9,k_a=0.6) = = = dDelta_P (¢a=0.9,k_a=0.6)
Delta P (0=0.9,k _a=24) dDelta_P (0=0.9,k 0=2.4)
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Discussion of Results

Rate Decline Characteristics

—q (TAD, a—0)

q (TAD, 0=0.1)
—q (TAD, 0=0.2)
| |—4q (TAD, 0=0.3)
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—q (TAD, 0=0.5)
| |—q (TAD, ¢=0.6)
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Field Application

Barnett Field

® Delta m(p)/q (Field data)
® dDelta m(p)/q (Field data)
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A Delta m(p)/q (TDP model)
B dDelta m(p)/q (TDP model)
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Status

Space and Time Fractional Anomalous Diffusion

l-a B k
2 La Ap'j, A o =—2P O<a<land 0<pB<1

Vi =—4q.p ot | oxB a.p P ’

oPAp, | @ 0P Ap, 0% Ap,
+ A =(¢gC

d? _ 1
IBPID()’D’S)] e Eﬁ+1,ﬁ+1(%yg+ )
dyD yp=0

ﬁ[D(yD:S) =p]D(O,S)Eﬂ+1(a0yg+l)+[

where; o . fractional order of the time derivative
B : fractional order of the space derivative
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Conclusions

' XC

Anomalous diffusion model can be alternative to dual porosity based
models.

Anomalous diffusion model can capture wide variety of flow behaviors.

The interpretations of the pressure and flow rate behaviors predicted by the
anomalous diffusion model are consistent with the physical expectations
and the results of the alternate models.

Anomalous diffusion model does not require explicit references to the
intrinsic properties of the matrix and fracture media.

TAD model is useful for performance predictions and pressure- and rate-
transient analysis of fractured horizontal wells in tight unconventional
reservoirs.
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General Data

WELL, RESERVOIR, AND FLUID DATA (Intrinsic Properties)
Formation thickness, h, ft 250
Wellbore radius, r, ft 0.25
Horizontal well length, Ly, ft 2800
Number of hydraulic fractures, nr 15
Distance between hydraulic fractures, dr, ft 200
Distance to boundary parallel to well (1/2 well spacing), xe, ft 250
Inner reservoir size, ye, ft 100
Viscosity, y, cp 0.3
Hydraulic fracture porosity, ¢z, fraction 0.38
Hydraulic fracture permeability, &z, md 5.0E+04
Hydraulic fracture total compressibility, ez, pst! 1.0E-04
Hydraulic fracture half-length, xz, ft 250 INNER RESERVOIR DATA
Hydraulic fracture width, wg, ft 0.01 TDP (Intrinsic Properties) TAD
Outer reservoir permeability, ko, md 1.0E-04 || Matrix permeability, km, md 1.0E-4 f:;nfggl:tﬁ?ﬁc[fi;ihr” 1.2
Outer reservoir porosity, ¢o 0.05 : . Porosity compressibili
Quter reservoir compressibility, ¢, psi! 1.0E-05 Matrix porosity, gm 0.03 pmduc?: @cz)i psi! Y 4.62E-4
Constant flow rate, g, stb/da 150 || Matrix total compressibility, can, psi! | 1.0E-3
Natural fracture permeability, kr, md | 1.0E+3
Natural fracture porosity, gr 0.7
Natural fracture total
compressibility, ¢y, pst! 3B
Natural fracture width, h, ft 3.0E-3
19
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Barnett Field Data

Formation thickness, h, ft 300
Reservoir temperature, T, R 565.67

Distance to boundary parallel to well (1/2 well spacing), x,, ft 275

Inner reservoir size, y,, ft 90.3

Viscosity, y, cp 0.02

The order of fractional derivative of time, a 0.8

Phenomenological coefficient of anomalous diffusion, k,, md-hr'- 0.13

Porosity — compressibility product of inner reservoir, (pc,),,psi- 2.00E-04

Hydraulic fracture porosity, ¢¢ 0.38

Hydraulic fracture permeability, k., md 1.00E+03

Hydraulic fracture total compressibility, ¢, psi- 1.00E-04

Hydraulic fracture half-length, x, ft 275

Hydraulic fracture width, w, ft 0.01

Outer reservoir permeability, k,, md 1.00E-06

Outer reservoir porosity, ¢, 0.04

Outer reservoir compressibility, c,q, psi-’ 3.00E-04
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Constants Used in Asymptotic Approximations

a

e (i) ()
()™ (@)
()" ()(
()

Bro VAo tanh[\JAg1 (Vep — wp/2)]

Ap1(Yep —Wp/2)

Aoz

A2 (Vep = Wp/2)
VAoza
VAoz,0s tanh[/Aoz05(Vep = wp/2)]
VAos tanh[\/Ags (yep —wp/2)]
A0z ep =W /2)

Y AO3
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Asymptotic Approximations

Time Range

Conditions

Pressure

Late Time

oa+0,Xep#1

lim pyp = —2
tp—oot WD CrpAF1,a
a+0

a=0,xp#*1

lim =™
tD_)oowa CrpAF,0

a=0

Early-
Intermediate
Time

1/4

lim = At
tD—>°°pWD I'(1/4)Crp/AF2,1,a
a#0.5

oa=0.5,
XeD¢1

41'[t]1)/ 4

lim =
tD—>°°pWD I'(1/4)Crp+/AF2,05
a=0.5

a#*0,xp=1

Titp

lim = —
tD->°°pWD CrpAF3,1,a

ax0

a=0,xp=1

Titp

lim =—
tD—>°°pw}) CrpAF3,0

a=0

Late-
Intermediate
Time

Ay

oa+0,Xep#*1

. 2 /mt,
lim p,p = ———
tp—-oo CrpAF1,a

a+0

Late-
Intermediate
(e = 1) to Late
(x — 0) Times

oa*0,Xep #1

lim Pwp =

tp—o

az0
—o

2mty,
— e
(Z—G)T(Ta)CFDAFz,a

lim pyp =

tD—>oo
a+0 -

(%)

D

2mt

oa=0,Xp#*1

. 2 /mt
limp,p = ——
tp—oo Crp/AF,0
a=0

a+0.5xp#1

. 2 /mt
lim p,p = ——2—
tp—oo CrpAF2,1,a
a+0.5

a=0.5x,p#1

. 2 /mt
lim p,,p = D
tp—ooo CrpAF2,05
a=0.5

Early-
Intermediate
(d —» 1) to Late-
Intermediate
(e — 0) Times

aiO,Xqutl

Jim pyp =
a+0

2-a
4TltD4

(Z_a)r(zTT‘x)CFD\/AFZ,a

a+0,Xep =1

Jim pyp =
a+0
(%)
4ntD 4

(Z—a)r(?%u Crp/AF32,a

a*0,xpp=1

. 2/mt
lim p,,p = ———
tp—ooo Crpy/AF3,1,a

a+0

Intermediate to
Late Times

dim pup =

a=0.5
41tt|()3_20‘)/4

3-2
(3_2“)F(Tu)CFDAF2,2,a

a=0,xp=1

. 2/mt,
lim p,p = ———
tp—oo Crp\/AF3,0
a=0

Intermediate to
Late Times
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Discussion of Results

—— Delta_P (TDP }=20, &=5.4E-4)

= = ~dDelta_P (TDP =20, »=5.4E-4)
— Delta_P (TDP =50, »=2.2E-4)

= = ~dDelta_P (TDP }=50, ©0=2.2E-4)
——Delta_P (TDP 2=250, 0=4.3E-5)
- = =dDelta_P (TDP 2=250, ©=4.3E-5)
—— Delta_P (TDP =500, ©=2.2E-5)
- = =dDelta_P (TDP 3=500, ©=2.2E-5)
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Number of natural fractures, n; Ho )\ K rhs
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