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Pore structure characterization and flow ability of shale oil reservoir based on digital cores
SONG Wenhui, LIU Lei, SUN Hai, ZHANG Kai, YANG Yongfei, YAO Jun

(School of Petroleum Engineering, China University of Petroleum (East China), Qingdao, Shandong 266580, China)

Abstract: Shale oil reservoir bears heterogeneous pore structure with multi-scale pore sizes. Nano—scale organic intra—granular
pore, nano—micro scale inorganic inter—granular pore and micro—fracture coexist in shale oil reservoir. The ultra—low porosity and
ultra— low permeability characteristics make the laboratory core flow experiment unavailable for shale oil core sample. As a
consequence, shale oil flow parameters in different scale of porous medium can not be measured and it is difficult to accurately
evaluate the shale oil flow ability in different scale of porous medium. To solve this problem, a calculation method for pore structure
characterization and flow ability of shale oil reservoir is proposed based on digital cores. The nanopore shale oil flow model is first
established considering nano—micro scale transport mechanisms and occurrence state, and the influences of shale pore surface
physicochemical property and pore size on shale oil flow are analyzed. Then, the nanopore shale oil flow model is further extended
to 3D porous media by establishing pore network shale oil flow model. The digital cores in different medium and its pore network
are constructed based on the multi—scale shale core imaging data in shale oil reservoir. The multi scale pore structure characteristic
and shale oil flow ability are studied in detail on this basis. The analysis results indicate that when the pore radii are less than 5
nm, the shale oil permeability is dependent on adsorbed phase permeability. Inter—granular pore dominates shale oil flow ability.
The micro—scale effect on shale oil permeability is very small which can be neglected. The micro scale effect and oil slippage are
more obvious in organic pores. However, the contribution of organic pore permeability on total shale oil permeability relies on the
connectivity of organic pore structure.
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Fig. 1 Shale oil occurrence at longitudinal cross section



2021 4E
s Hal

K (2)—NG) T : Uy A FAHEE BE T, m/s; U B
W B0 AT I 00 T, /s 5 A F AR ZEBE , Pae s st N
W BT ARG B, Pa s 5 . oA W RRFAR D TR TRT JEE B2, m
RAFLBEAR  m5 Con  Cona 2 H I

MR8 12 252 5 U) N7 Ty LA K i 25 o i 30
FRARA ) AR I OC R AT 3R

PN

Q%ﬁLw=o (4)
Ui vner, = Ups e, (5)
—sai“:ﬁ=u@ﬁR (7)

A Lo VU TR TR A B, mo
MG (7)), I FH A T RE 700 TR R A B A 3285 791 T
A RN N

- dp  (R=t,)dp
4Ml)ulk d‘x 4Ml)ulk dx

R-(R-1,)dp  LRd
‘(Hu Mb)di+2¢l di;0$r§R_t“"* (8)
ds

_R-Pdp LRdp o
4, dx  2u, dx’

42 8 [ S BT S P A LB s i )
T, SRR

Ulmlk =

r<R (9)

L ads

__ 1 d 1 dp
U=~ dx yz + dx (% - tau].\') -
20 2l
1 dl(ﬂ_t )2+WL*d—p+ w dp
2p,, dx\ 2 - Y dx B, dx ’
Og}’g%_tm (10)
30 ®
25
=
E
290+
®
= 0 e i 4
15F ® o TG R
10 1 I I I L )
-3 -2 -1 0 1 2 3

B A LB AR T % 2 (nm)
a. THLR FLER

RO, 4 T B 2L B TUA I AIRAL IS W R 6 5 e 1y 499
U,=- 1 d v+ wL, dp LW dP;
zl‘l‘uds d.’X? 2/1,“(15 dx Sl‘i‘uds d.’)C

7T Sysy (11)

A s FR A AL BT FEHE , m

T B AR R ) R, TR LB D
L T T 25 2R 5 1l F A AN S R A T AT
PN AN S e DAL e oL S PARS) WAL R 2SS
WA (12), BAVASEILR 1. XF g R 5 2
7, AT LA H TS 2 ) 8 R S 0318l o

BRAUSE SR VE BERF , S0 1 AR A4

dp _ nF
TN, (12)

Kb on TR ,m’ F ARE /1, m-keg/(mol -s?) ;
N B ARAMAE S 41, 6.022%107 mol ',

WANG 25 T A HLBTALER Hh e b i A% K
Bt R TR RS R E LB RO ISR O &R B

F1 TEBLHRSBEVRTLERRIIEER
X BE RIS N S
Table 1 Input parameters for shale oil transport model
validation in an inorganic pore or an organic pore"*'¥

SR TeHLIR A HLE
HR K (m) 9x107"° 1.4x107
W2 BFFAR R (m) 7%107"° 7x10™°
FRERHE (Pass) 2.95x10™ 3.97x10™
S FEEE (m*) 2.871x10% 2.871x10%
8% J1[m-kg/(mol - %) 3.138%10" 4.814x10°
FLBRSESE (m) 5.24x10” 5.24x10”
200
‘“"‘ ! "' ’r‘
160
E 120f
b
)
Z 80
=
T 3 ) T
LI R VR
40 |
0 1 1 1 1 1 ]
-3 2 1 0 1 2 3

B LB AT % (nm)
b. H B AL

B2 BRI ZE 55 001 8l A AU R A1 45 R0t HE gk

Fig. 2 Validation of proposed model by comparing with molecular dynamics simulation results
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