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Experiment and mechanism of spontaneous imbibition
of matrix core in tight oil—gas reservoirs
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Abstract: Tight oil and gas have become the key point of research and development in the field of unconventional oil and
gas. As an important part of tight oil and gas seepage mechanism , the influence of imbibition can effectively improve the re-
covery of oil and gas. However, there are few researches on it. The imbibition experiment was conducted under different
conditions on matrix cores of the domestic typical tight oil and gas reservoir. The phenomenon and results in this experi-
ment were analyzed. A new seepage mechanism of the matrix cores in the tight oil and gas reservoir was purposed, called
layer imbibition theory, which means the imbibition starts from the surface of the cores to the inner of the cores step by step.
The imbibition efficiency formula according to the quality method was revised and the accurate results of the indoor imbibi-
tion experiment were calculated, and the results were calibrated to the actual formation scale. The results show that the oil/
water imbibition efficiency of the matrix cores in the tight oil and gas reservoirs is 12%—18% under reservoir condition and
imbibition speed is estimated in the order of magnitude of 1x10™* ¢cm/min. It is necessary to use the imbibition method to-
gether with other displacement methods for the tight oil and gas reservoirs so as to improve the final recovery of the tight oil
and gas.
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Tablel Basic parameters of cores
DS BIEFRN07 um® FLBE, % KEF/em  HAR/em
1 0.0340 9.39 2.584 2.464
2 0.0180 8.61 2.588 2.466
3 0.005 4 6.52 2.534 2.468
4 0.000 3 541 2.528 2.462
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Fig.1 Changes of oil and water imbibition efficiency over time
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Table2  Final imbibition efficiency of cores with
different permeabilities

sl BiEk KB, % FOKBWECE, %
Gy 107 pm’ P ALEF HUZAMET EMALET HUZAMET

1 0.0340 41.16 62.86 60.57 66.11
2 0.0180 48.22 77.89 58.17 64.07
3 0.005 4 52.06 84.51 52.26 54.37
4 0.0003 61.47 91.19 44.77 47.92
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Fig.2 Microscopic mechanism of macroscopic current

and countercurrent imbibition
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Fig.3  Microscopic mechanism of layer imbibition theory
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Table3 Revised final imbibition efficiency of cores
with different permeabilities
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1 0.034 0 7.62 12.92 30.29 33.06
2 0.0180 8.93 14.76 29.07 32.03
3 0.005 4 10.89 15.34 25.13 27.19
4 0.000 3 11.38 17.62 21.43 23.41

R ST B BRI B R
(12)

Mason 55 & H TG R UK B TR bR AR IR KRG BE A B
ER s 1| ]

tsz%z gan (13)
Hrp
A — (14)

Moy
,u“[l + J?J
TG PR R I ) AT LA FH > Lo 5 5 Tk g i AR
JE A DIBAR CE A LB OB AR DL S R A
SRR AR AR, I R AT IR b
E R S R 22 RUEE
FUR, B0 H T A oy o

== l-ae (15)

R AR S5 56 5 2 o HE A — AR iR 5 TR I



-102- LIS N RS B I G 20174F5
IR (E15). HRAPEL S T, 4RI 9 015 i 2 A
R P B8 W A T PR I A
= lhn ¥ BV R g 23 B i 2y
250.6 MRV .5‘.‘{‘ L [
;22 e " a%j; (16)
e i e T R B 2 A L 7T 2
Emw 351 S 5] BT ) 5080 i 2 0 4 00 9 W
LT FE o R T A0 0 W T 5 5 99095 R e et
Bosk N ,537 N AEBCR LR L WA
R HRARR B WS A SO I R 04
o e KB KB Wi B 2 AW B TS g
N (4.
0.01 0.1 1 10 100

76 BRI I i)
b—Ih AR
Bs5 HF—HREERSTEREERXFR
Fig.5 Relationship between normalized recovery
and dimensionless time

M AT LI 3R )= 008 WOk 2 L TR= 1Y
B R B 2RO, R SRR BB I
LR AR T B R e 1B 2 R
G, SOKIRIZ 175 W B I S e Tl K R 2 192 T

F4 ENMMERFE TR SKSREE

Table4  Oil-water and gas—water imbibition speed under indoor and formation condition

T, s W * M F w2 % M F
%g iiﬁiz IMZKB G EE/ (em - min™) KB E B/ (em - min™) IMZKB G EE/ (em - min™) KB EEE/ (em - min™)
1 0.034 0 3.18x107 5.91x107 5.08x10™ 1.28x10° 1.21x10™ 4.08x10°° 15.80x107° 3.14x10™
2 0.018 0 4.64x107 5.79x107 2.99x10™ 1.27x10° 1.88x10™ 4.21x10°° 9.70x107* 2.78x10™
3 0.005 4 6.14x10° 5.56x107 2.27x10™ 1.22x107° 3.52x10™ 4.29x10°° 4.04x107 2.68x10™
4 0.000 3 8.52x107 5.78x107 0.91x10™ 1.28x107° 7.33x10™ 4.27x107° 3.07x107° 2.36x10™
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