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Non-Local Anomalous Diffusion

Diffusion is the result of the random Brownian motion of
individual particles.

The mean square displacement of a particle is a linear
function of time

o2~ Dt

For the Brownian motion, the probability density function in
space, evolving in time, is of the Gaussian type
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Non-Local Anomalous Diffusion

However, a convincing number of works have indicated
anomalous diffusion in which the mean square variance
grows faster (superdiffusion) or slower (subdiffusion) than
that in a Gaussian diffusion process.

Thus, a general relationship between the mean square

variance and time is given by
o2 ~ Dte

a = 1 Normal Diffusion

a # 1 Anomalous Diffusion
a > 1 Superdiffusion

a < 1 Subdiffusion.
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Non-Local Anomalous Diffusion

Flux Equation for normal diffusion:

Jl-a

. i) )
Flux Equation for non-local anomalous v==-Dg T g
diffusion (time fractional): T e ox

~—|, O<y, B<l
axP

diffusion (time and space fractional):

Flux Equation for non-local anomalous v Dfal"’ ( 5'/111]
=Dyd;

! Y UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT
’ Spring 2014 Semi-Annual Affiliates Meeting, May 2, 2014, Golden, Colorado 4




Model Description

Trilinear Flow Model
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Outer Reservoir Solution

» Flow from the outer reservoir to the inner reservoir is assumed to be
linear

kO T2 Aplo /0 012 p LoD /dxiDT2 —s/nl0OD p
x12 =@l0 cltOu
apl0o /ot

Outer Boundary Condition :

(Ap L0D /dxlD )ixiD =xleD =0

Inner Boundary Condition :

W L0D NxiD =1 =(p /D )ixiD =1

wL0D NxlD =1 =p /D )xlD
=1 cosh(Vs/pdOD (xleD —
xD))/cosh(Vs/plOD (xieD

-1)
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Solution for Outer Res. :

A




Inner Reservoir Solution

> Non-Local Flux

1. Only Time Fractional (Bounded)

2. Space and Time Fractional (Infinite)
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Inner Reservoir Solution (Time Fractional)

Flux Term Diffusion Eq

vr=—Aladl—a/ 9/0x {Ala d\pll /Ox }+3/y {
It —a (FApll / Aba IApll /3y = (pclt )il dTa /
dx) otTa Apl/

Outer Boundary Condition : (ap LID /dylD )iylD=yleD =0

Inner Boundary Condition :

LD )NyID=wiD /2 =(p IFD )ylD -

Solution for Inner Res. : (,27 llﬁ)lylﬂ :WJD/Z =(,U JFD)J
VD =wiD /2 cosh[ValO (yieD—
le)]/cos/z[\/cﬂO (vleD —wiD

/)
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Hydraulic Fracture and Wellbore Solution

OT2 AplF /oxT2 +0T2 AplF /OyT2 =(@pclt )IF u/klF JAPLF

d12 p IFD /dxiD12 +2/wiD Al JALF
(L /xlFT12 )Tl—asTl—a (dp 1D /d

WD WyiD=wib /2 ZLIHR R155 i =1 =0

Inner Boundary Condition : (dp JFD /d)t’lp )JXJD =0 =—7Z’/SC'JFD

Solution for Hyd. Fracture?: FD =7Z/SCJF0 ‘/Q'JF COS/Z[‘/
alF (1—xiD )]/sinh( VaiF )

Wellbore Pressure Solutionp wD :(p JFD)JXJD =0 :72./
SCLFD ValF tanh( ValF )
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Results

Normal Diffusion vs Time Fractional Diffusion

Pwd(normal diffusion)
dPwd(normal diffusion)

Pwd(alfa=1)

seeeeeee dPwd(alfa=1)

1.00E-05 1.00E-04 1.00E-03 1.00E-02
tD
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Results

Dual Porosity vs Time Fractional Model

Pwd(dual por.)
dPwd(dual por.)
Pwd(alfa=0.5)

dPwd(alfa=0.5)
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Comparison For Different “o” Values

Time Fractional Model

—— Pwd(alfa=0.9)
—— dPwd(alfa=0.9)
——Pwd(alfa=0.7)
—e— dPwd(alfa=0.7)
Pwd(alfa=0.5)

dPwd(alfa=0.5)

——Pwd(alfa=03)

—o— dpwd(alfa=0.3)

0.001
1.00E-05 1.00E-03 1.00€-02 1.00€-01
tD

! Y UNCONVENTIONAL RESERVOIR ENGINEERING PROJECT 12
' Spring 2014 Semi-Annual Affiliates Meeting, May 2, 2014, Golden, Colorado




Inner Reservoir Solution (Space & Time Fractional)

vr=—AafidN—-a/
otT—a (15 /oxTF A

g

Diffusion Equation: pgl/)ﬁx {Jla'rﬁ 0"7,6’/0")(7,6’ Apl/}"' é’/ﬁy{
Aaf OTF /OyTE Apdl }=(pclt )i/
dla /otTa Apl/

Flux Term:

Continuity of flux at the boundary Aaf dN—a /otTl—a (OTF/

of the inner and outer res:

oxTf Apdl )x=xlF =klo /i (3/
ox Aplo Nx=xlF

Solution for Inner Res. :
p D (WD ,s)=p D (0,8)ELL+1 (alO yIDTF+1 )+ [

OTB JOVIDTE p ID (WD ,s)NyiD =0 yiDTF ELF+1,5
+1 (@O yiDTF+1)
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Comments and Questions

> An alternative to dual porosity models
» Needs physical interpretation

» What does the permeability in fractional
diffusion model refer to?

» What is the meaning of a?
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