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Characterization of nonlinear percolation in tight oil reservoirs based
on flow experiments and dynamic resistance characteristics

QU Quangong
(Exploration and Development Research Institute ,Shengli Oilfield Company ,SINOPEC,
Dongying City , Shandong Province 257015, China)

Abstract: For tight oil reservoirs, based on flow experiments and theoretical analysis, a new method for characterizing non-
linear percolation in tight oil reservoirs percolationwas developed. Based on the characteristics of dynamic resistance gradi-
ent in the percolation process of tight oil reservoirspercolation , this method adopted the flow experiment with reservoir cores
to obtain three characterization parameters including starting pressure gradient, pseudo—starting pressure gradient, and
measured liquid permeability. Thus, a new characterization model of nonlinear percolation in tight oil reservoirspercolation,,
i.e., dynamic resistance gradient model, was built and verified on a single—well scale. The research results show that with
the increase in displacement pressure, the dynamic resistance gradient gradually increases and is linearly correlated to the
logarithm of the displacement pressure gradient. The mathematical characterization of nonlinear percolation is related to
three parameters, namely starting pressure gradient, pseudo—starting pressure gradient, and measured liquid permeability.
According to the three parameters, the characterization of nonlinear percolation in tight oil reservoirs was established based
on flow experiments. From the perspective of reservoir application, the proposed characterization model is more accurate
than the Darcy model and the pseudo—starting pressure gradient model.
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Fig.1 Characteristics of dynamic resistance gradient
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logarithm of displacement pressure gradient
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Fig.3 Relationship between displacement pressure gradient
and percolation velocity in tight oil reservoirs

6 M L B VR B R B R (6) 5%
A AEM A0, = 0.4, = - AT b

K
A, - D)=0
p (Ay - D) (7)
¥ (7)205 (5) AR 15
K
—A[A, = (alnA, +b)|=0 8
AL = (et )] (8)

5 N AL B BRI IR B R (6) 2o
TENALQ = 0,00y = - BRI

thfA()\\,—D) (9)
¥ (9) X5 (5) AWk Al 45
K
L=—AlAy —lalnA, + b 10
0u = Al = (amay +0)] - (10)

1637 (8) AN (10) 20U n] SR AG S50 o F1 b 1 23K
KB A -

A A Q)\\I'L
NT A T T
a= KA (11)
InA, = InA,,
b=A, —aln, (12)

B RAF S E o T b A (6) A, TR IR L
PEB RN DT AR

A A Q)\\/*L
d NT A T T d
0= a2 LG T Y B 4
m dx InA, = InA, dx
A A Q)\N/“L
Ay — X InA, 13
" InA, — InA, Wy (13)

(13) 20J2 5 T B A5 BH A7 85 S5 e ik LA K3 3l 5
6t 57 9 EOR AR B R AR T R
T ARLAE B iy R (13) B HER RAL , 75 245 5



$Fosk S5

i 4 T2 T 000 S0 S 6 AN Sl A BH T R A BB HECIE Lk B TR AR -97-

Ko, A A, A FTQ, S S0 o p il i il R R R 5
BEERAT , i1 At 2 Bon] i I i = 0 I Bl S 3 R
A5, IXRE AT LK B ST A AR B T A A
AR EET R B SR AR R B TR

3 e S JiEIE

31 SHHE

LIk & KO AR SRR RS R
FEZESE R ZE 4R TN D IR as (R R BRI
T B 8 FME RS (K 4) , b s OB Y o S G
FEZEZE , EEREME PRAEA 08 /N T, AR 52 6 v R
FI A Quizix F , Hi S A5 B A 1.0x107 mL/min.,

4 FHDRAEEIRE
Fig.4 Flow experiment with cores

SE I R RO E 28 KSR 3% B KCL %
o S50 FH Y Sk i J2 IO K B A D 5 e e
il B AR L 2 9 . SEEGRE R 70 °C

SR B B SCIR A IR R B  O¥ B B
O PSR A B AT O FE Al A I o, 3R
BAELKE HE ZSRBBER, ZEAORAEE
FHK, I A LR . QiE 2 im i, 4 1E
TRAFRE B 3 70 °C, HIR 4 h )5, ¥ A0 528
TR 2 RAACIRES 2 R KA . DIk
FAACIR S, 1B Bl R B 2 v [ TR —
Sk 3 MPa, LT 5 R B08 0 438 35 S 1 2 ), 15 B T
K A 2E55 3 5 £ 0.000 2 mL/min , B S A E
RS G B FE F7 o @¥e i % B N K 8 R
BB FE Sy B A IO R N R Rk
FUFE ARSI R A7, 22 BB T B 5 i i 1
KR O R ML R B Lk B0l 4k
B4y, oy Bl AT LG AR BT A
AL B A A G, 3 AR A, FTA o @4
PG B AR FE A FE AR I E IR R T AL L,
LR IREE BRI JE R E BT B =
Q.0 OV kG BEFEZESR R S 8 h 34.5 MPa(fE Ny
K S 56 A e KBR R R A7), Y I AR e T A

Q s IRIEIE TG A ZGRAF A OTIB B R

UL Bl S 5 R FH 1) B0 S O K R 4.956
em, FLAE K 2.504 cm, 055 F K 1.85 mD, LI
BER 17.2% . S50 7KK 250 R 2 A ICIR A
T, ARAT O SR AR KA B 42.8% , IR IR E R
70 °C, 7E1Z W FE N 2R Y S 560 il 6 2 o 1.324
mPa-s,

W 52 36 e ) S R4 ) P AR R T, 4y
S0 22 TG 2 Tt 0 1 B T 0 A O B S IR R
TR RN, IRz R IEAT 0 B Bl & o
HRAE i 20 s 07 6 88 S 56 (R 4005 T 1k, 6 G v A 1k
B BCR H A G , m B i BoR A
G (E5),

0.018

0.012 L y=-6.157x"+1.666x+4.72¢™

0.006

IR B JE F1 86 )%/ (MPascm™)

1 1 1 1 J
0 0.002 0.004 0.006 0.008 0.010
Ji &/ (mLemin’)

a—fRH B i

y=1.57x+1.037¢"

IR B JE FI 86 )%/ (MPascm™)
(3]
T

L

Jidk/ (mLemin™)
b— M 5 i
Bs5 R.SESREBENRESREXR
Fig.5 Relationship between displacement pressure gradient
and flow rate under low—and
high—velocity percolation
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