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Abstract ; Realistic 3D microstructural characterization of tight-oil reservoirs would require to cover more
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than six length scales (from m to nm) in order to capture the hetrogeneity. The current available digital
rock technology is inappropriate for this kind of reservoir. Characterization dues to its limitation in the
maximum ratio between sample size and resolution of around three length scale (from mm to nm) , the data-
constraint-modeling (DCM) approach can incorporate the fine sub-voxel structures as compositional partial
volumes. The classic Lattice Boltzmann modeling schemes are incapable of simulating fluid flow through
partial-pore voxels and are thus not suitable for modelling the flow characteristics of tight-oil. In this arti-
cle, an effective percolating fraction defined for each voxel was introduced into the classic partial-bounce-
back (PBB) Lattice Boltzmann model to simulate fluid flow through porous media with partial percolating
voxels. For the tight-sandstone and sandstone cases investigated in this paper, the microstructures of the
samples were characterized using the DCM method. The effective percolating fraction for each voxel was
estimated by the partial volume fractions generated using the DCM method. The velocity distributions in
the samples were obtained by simulating fluid flow in them using the aforementioned improved PBB Lattice
Boltzmann model. The permeability of each tight sandstone and sandstone sample was calculated based on
the velocity distributions. The approach presented in this article can also be applied to other types of reser-
voir rocks.

Key words: data-constraint-model (DCM) ;lattice boltzmann model; effective percolating fraction; permeability

6 o s .
X ,
CT , CT s
(DCM)“J , [2-8] .
X ) X . DCM
CT s CT
(LBMD) ) S
CT s o ,
LBM 0/1 , o 0/1 )
DCM s LBM
o LBM y
o 0/1 b b
) DCM .
LBM CT ,

11

’ ° BOltZ*



mann , , )
SnCqusprssgnspast) N , q:> D i
R Boltzmann ,
. Boltzmann .
Boltzmann , ,
(D)
1 ,
fr(x+eAt,t) = [ (x,0) , (D)
fa(x9l) a ' X ol At o €,
a o , D2QY9 D3Q19 .
(2)
fa(x7t+At):f;k(xvt)+[f:1(x9t)_f;(xvt):l/f’ (2)
. T S (x.) o
folx,t+A) = £ (x,t) 3)
»a/ a o ’ ’ ’ °
s N s Boltzmann
o ) ) BO‘
ltzmann .
Boltzmann , s
(1)
frFx+xAt,t) = f,(x,t) . 4)
(2)
for :
fEr v+ A0 = 50+ L9 (x.0 — fF(x,0]/c. (5)
(3)
folx,t+A) = [P (xt+AD +n, « Af (6)
NNE9) X o . :
p= 200 = 21 e
= (1—n)« def,=U—n)+ defo; )
P:C?‘OVZC?<T_%)AZ ; 9
(9 P ) C, ci=1/3, v .

=1,



292 ( ) 38(2) 2015

, Af o Af Gao Sharma 1994
) Af 5 , .
(1)1994 Gao  Sharma b, GS , :
Af = fo(x,0) — fo.(x,0) . (10)
(2)1998 Dardis  McCloskey Lo-tod DMC , :
Af = fo(xst) — f.(x —e,Ar,1) . 1D
(3)2004 Thorne  Sukop el TS , :
Af = fF  (x+telt,t+A) — FF  (x,t+A) . 12
(4)2009 Walsh sl WBS , .
Af = fF(xot) — fI7 (st + M) (13)
(5)2013 Jivjiang  Jingsheng [l M , :
Af = 27 (xat+A) — fI (x e+ A . (10
1.2
L 21
, Boltzmann ,
) , 0/1
0/1 , ) ,
, o s Boltzmann ,
1.2 2
) Boltzmann ,
N, s Boltzmann s
) ’ ) 9 by ’ [15]
. n b=
1=n,,
by ,
L 23
s s 0 1
) 0 1 , , 0
1, )
Boltzmann )
, Boltzmann

0 1 , , TS WBS



293

s . 2009
Walsh, et al. WBS s DMC TS s ,DMC
TS , WBS
o WBS .
1.2 4
Dy , Boltzmann
(L
fr(x+eAt,t) = f,(x,1) . (15)
(2)
fIrs :
fir(x,t+0) = fF(x,) FLF9(x.0) — fF(x,0)]/z. (16)
(3)
folxst4+2A) = fF  (xst+A) +[1—p,(x0] « [fF(xot) — £  (xst +AD] (17

b

PP-LBM(Partially Percolating Lattice Boltzmann Model) .

2
Boltzmann
[16] o .
21
4 mm . 30 mm
X CT SSREF( )
keV 35 keV,CCD 40 mm
9 CCD 3. 7 Hmo X
, 0. 25° . , 10
o b 5 .’
R 1s 1L 5s,
CT o X-TRACT
DCM (1 R
[17],
DCM 600 X 600X 700 ,
[Jmo ]
PP-LBM , C++
PP-LBM

by

20 mm ,
(BL13W) . X 25
7.4 pmX7 4 pm, 2 X

s 180 720
2 , 38
CCD
1 377 X721 .
37 umX3 7 ymX3 7
200 X200 X 50 R
[18]



294 ( ) 38(2) 2015

Py ’
Py = v, T Dy e v 18
v, v, . ,
( Do ,
0.0,0. 1,02 o s , ,
0.0 0. 2 o s
1 o 1(a) s , .
1(b)y  1(e , , o
( ),

228 x 10 m/s

0.0 mf=

Fig. 1 Velocity distributions of tight-sandstone-sample and the percolating fraction of calcite is 0. 2. (a) 3D velocity dis-
tribution image where the nonpercolating regions voxels are displaryed as white. The high flow speed region is
small so it is not visible clearly in the figure. (b) Microstructure composition distribution at slice 6 with pore.

calcite,and mixture of quartz,albite,and pyrite represented by white, green,and black. (¢) Velocity distribution

at slice 6.
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Fig. 2
tion image where the nonpercolating regions voxels are displayed as white. (b) Microstructure composition distri-
bution at slice 25 with pore, calcite,and quartz represented by white, green,and black,respectively. There is a high
occurrence of pores near calcite in sandstone,as seen by the intermixing of white and green. (¢) Velocity distribu-
tion at slice 25.
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Fig.3 Convergence lines of permeability for tight sandstone and sandstone. The percolating fraction of calcite is 0. 0.
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