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Abstract According to the low porosity, ultra-low permeability and neutral partial oil wetting of shale reservoir, the corre-
sponding microscopic model of capillary bundle is designed. The wettability of microscopic model changed by the compound
system of molecular film agent (DM) and surfactant octadecyl trimethyl ammonium chloride (STAC) was studied. It is found that
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DM(1000mg/L)/STAC (concentration<:critical micelle concentration), the wetting modified contact angle is positively correlated
with the STAC concentration, the maximum contact angle can reach 100.51°, and it is a monolayer adsorption with an average
adsorption thickness of 2.064nm; Dm(1000mg/L)/STAC (concentration > critical micelle concentration), the wetting modified
contact angle is negatively correlated with the STAC concentration, and the adsorption layer is multilayer adsorption. Taking
shale oil reservoir of Permian Lucaogou Formation in Jimusar sag as a feature, a capillary bundle model equivalent to pore throat
diameter was etched, with radius of Sum and depth of flow channel of Sum. Then, through DM/STAC wetting modification,
based on hydrophilic wetting and wetting modified capillary tube bundle model, the differential pressure-flow method was used
to test the fluid percolation law. As a result, when the fluid flows at low speed, it is characterized by non-Darcy percolation and
has a threshold pressure gradient. Moreover, the change of wettability causes the capillary force to turn, affecting the law of fluid

percolation.
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Fig. 14 Pressure gradient-flow relationship curve of the wettability modified block (embedded picture shows the front of fluid

flow in the capillary bundle)
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Table 1 Threshold pressure gradient of capillary bundle in hydrophilic block

FITKEN AT AHOCEE F/Na B ) /MPa
KEFK ¥=5.88 x 10%x*+0.11x—2.1 0.9969 0.10

“ R —HEK y=1.59 x 105%*+0.12x—7.13 0.9902 0.12

TR —HEK ¥=5.19 x 10-%*+0.08x—1.58 0.9979 0.14

PRl y=2.42x-3.01x-2.51 0.9993 2.75

S y=1.01x*~6.79x—17.80 0.9950 2.95

“ BT — sl y=1.27x*+0.012x—-5.6 0.9993 3.44

TR — g y=1.31x*-3.48x—1.49 0.9982 4.80
F2 EERERR(PEER) ERERBINENEE
Table 2 Threshold pressure gradient of capillary bundle in wetting modified block

PR AT AHOCHE /N 8 /MPa
EETIK y=12.81x*+8.59x—13.61 0.9890 1.21

“ R —HEK y=27.19x>~18.65x—3.06 0.9980 1.27

CRELRT —HUEK $=27.62x~17.9x—4.06 0.9946 1.29

PRI y=2.47 x 10-%*+0.02x—3 .42 0.9990 0.51

1 y=3.74 x 10°x*+0.013x—1.11 0.9996 0.51

“ R —JEh y=3.43 x 10°%%+0.01x—0.87 0.9990 0.83

TR — 5 y=1.09 x 10%x*—1.68 x 10%*—0.28x—8.86 0.9997 1.37

TUFMTERAZ Th BB . 3 RBP R BUA 2 5343
ATE Co~Cay Z [0, TR0 EZL 50K Co~Co,  FIT LA
AT ARG AR T AR SOU P B T R . e A
HFRIEA, FERKBNE R /N sh R 6
s TESRM B W R/ NE SRR RN, F
TR KON IR S A T LUK R i BT 5 | A R
FIM BB 53 Cio~Cyr, TR T DIASEHDURE X R 41
Sy TUATMAE RO B Tt B . AR L RSl TS
FESE KIS SRR B P, S5/ N A B R # A TR .
TR M P RECE I, SRR EERE T, RS
BT

“RER AT JEUHRY BEAH FL e L I A
HARHEGEE (84.5 °C) T, JEIMKSEEFE 23.04 mPa-s /¢
fio I eEum Na s AR, R BRI
FEHFECR B (91 °C) &, R BEAE 93.89 mPa-s A fq. H
FERRT, MELLRSD, AR S A Em T
RS LRI SRS BE (5% L) A TS0, {5
B, B/NESHEHME C REST JFE G IR b
FEJRE CREA” R AR S 0 RS

B,

3 e

(1)DM/STAC 5 e 118 P 250 P 751 % A 251 ) 968 o5 4k 2
A PRI SOR . WAL T eme IS, 18 1 A1 2 TG
Ko WERZE Ry BB, P 2)R 8y 2.064 nm; 2
JE 5 T ome i, N A B s N HE A TR
JERRRB 2 W, RN 11.469 nm. etk E
A = AT 3k 100.51°,

(2) 3 3k 30 9 T 7] DM/STA C K oW 221 e s 751 ke
Ay v g i

(3) /N [ Y AR 76 AN [] Vi Y 1 6 A 4 SRR RS N AT
FAB L, & BRI Y AR S (R 0 B A
(B3 /8l I B Ak s . KRR 2 0 FHES T & & .
Ji i o 0 e B SO o A 7 o 1 5 A B R R R
TEAHDG . IO 35 AR IR M 8 28 R VR 2H DU T
JE VUM R AR AL 7 O — R AR B ORI R
T MR R A i VR, RRAR SR mISK s R mA
KACJZ IR, BRI SR 2 =& i T IR +
AE(COA IR ), BT ARBHRIME 8 R H
BT T AR BE ARG B b DT R, TR B



TS PR O T DA 2 A R LB O L5 267

MR BE , R HAREL, AT TR o

RPN

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

Energy Information Administration(EIA). International Energy Outlook[J/OL], 2020.

IR, R i, SRR, A5 R NSO IR IR . B M BURAAE 22 25 R (], Al AT, 2015, 27(4): 119-126. [QIU Z, LI
JZ, WU X Z, et al. Exploration status, maingeologic characteristics and their differences of tight oil between America and China[J].
Lithologic Reservoirs, 2015, 27(4): 119-126.]

K4 pg, I, M, 45 E S R v R K I Bk (1], TR R, 2014, 19(1): 1-9. [DU J H, HE H Q, YANG T, et
al. Progress in China’s tight oil exploration and challenges [J]. China Petroleum Exploration, 2014, 19(1): 1-9.]

W, Arate, SRk, 4. SR 20 A =5 R IR A FEARBCR I L . RAE KO 7 (7] T E AR, 2017, 22(6): 9-15.
[YANG Z, FU J H, GUO Q L, et al. Discovery, characteristics and resource potential of continental tight oil in Triassic Yanchang
Formation, Ordos Basin[J]. China Petroleum Exploration, 2017, 22(6): 9—15.]

ARARE, R, kAL A - AREIUMAR A FEIRAE” SR S SBR[, AR S T 4, 2014, 41.(1): 3—4. [ZOU C,
YANG Z, ZHANG G S, et al. Conventional and unconventional petroleum “orderly accumulation” : concept and practical significan—
ce[J]. Petroleum Exploration and Development, 2014, 41(1): 14-30.]

AN, MM, 225, 4. S 25 SEEM 0], H 2R T4, 2012, 19(5): 322-331. [ZHANG J C, LINL M, LI Y X, et al.
Classification and evaluation of shale oil[J]. Earth Science Frontiers, 2012, 19(5): 322—-331.]

JARI, 28, BEE, 5. EE UM KSR ST R R )], A0S KRR, 2019, 40(3): 469—-477. [ZHOU Q F,
JIN Z J, YANG G F, et al. Present situation and prospect of shale oil exploration and development in America[J]. Oil Gas Geol, 2019,
40(3): 469-477.]

Energy Information Administration(EIA). Estimated monthly production derived from state administrative data[R], 2019.

TR, KR, sKojkg . rp R R RIS BT R AT (0], AR ST, 2012, 39(2): 129-136. [JIA C Z, ZHENG M,
ZHANG Y F. Unconventional oil and gas resources and exploration and development prospects in China[J]. Petroleum Exploration and
Development, 2012, 39(2): 129—136.]

. I TUATH R 01 R SRR S R R A 2 TR [D]. 7 AR 4B IR, 2020. [PAN S, Molecular structure of oil
shale kerogen and molecular simulation of its pyrolysis reaction process[D]. Jilin: Northeast Dianli University, 2020.]

SeEEE . ORGSO T T 25T [D]. R 2 K2, 2009. [WU Y Y. Research on micro-flow chip processing technology[D].
Suzhou: Suzhou University, 2009.]

JA S, SR, FIREY, S5 S FRESEM O S R g T4 0], LR TREAR, 2017, 46(2): 49-57. [ZHOU B G, GUO
Z N, YU Z Q, et al. Microfluidic chip manufacturing process based on glass substrate[J]. Electromechanical Engineering Technology,
2017, 46(2): 49-57.]

LIU X, HE J. One-step hydrothermal creation of hierarchical microstructures toward superhydrophilic and superhydrophobic surfaces[J].
Langmuir, 2009, 25(19): 11822-11826.

CUI W, WANG T, YAN A, et al. Superamphiphobic surfaces constructed by cross-linked hollow SiO, spheres[J]. Applied Surface
Science, 2016, 400(APR.1): 162—-171.

K e T . B S T R R K AR 2 B A AL A S PEREF Y (D). R et R AU AR R, 2018, [ZHANG M X. Study on micro—
structure construction and properties of superhydrophobic coating on glass surface[D]. Nanjing: Nanjing University of Aeronautics and
Astronautics, 2018.]

X RUES . Si0, AUk et A B8 TG e S LK MERETF 22 [D]. Kt JCHE T K 2%, 2015. [ZHAO F X. Study on glass and
activated carbon modified by SiO, nanoparticles and their hydrophobicity[D]. Tianjin: Tianjin university of technology, 2015.]

RV . FRATE M A AR e A SR T W e AR B R IBCR A 5T (D). 7 8% - T EA RS (6 45), 2016. [HOU B F. Surface active
agent changes the wettability of rock surface and its enhanced oil recovery[D]. Qingdao: China university of petroleum (East China),
2016.]

SR I AR PR T T P AR 0T Ay S i A7 S ) ). A AR TS A A4l , 2013(5): 5559, [LIU K. Effect of cationic and
amphoteric surfactants on contact angle of quartz[J]. Journal of petrochemical universities, 2013(5): 55—-59.]

ZDZIENNICKA A, SZYMCZYK K, B JANCZUK. Correlation between surface free energy of quartz and its wettability by aqueous
solutions of nonionic, anionic and cationic surfatants[J]. Journal of Colloid & Interface Science, 2009, 340(2): 243—248.

LAI N, NIE X, ZHENG X, et al. Experimental Investigation on a Novel Polyelectrolyte Molecular Deposition Film for Improved
Injectivity in Low-Permeability Reservoirs[J]. ACS Omega, 2020, 5(45): 29300—29311.

Folb €, AP, BEENE, S5 R T /AR T A AR G M SO R PSS R R AL (3], AR S R (A AR



268

AR (2 B SEAI L) 2025 4F 04 H 55 10 B4 2 )

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

f2), 2018, 42(2): 165—171. [WANG Y F, BAI'Y, HOU B F. et al. Mechanism of cationic/nonionic composite surfactant changing surface
wettability of oil-wet sandstone[J]. Journal of China University of Petroleum (Natural Science Edition), 2018, 42(2): 165—171.]

ARPRI, EHEAR, SR, S5 B T A e R TG P R A O T R Y S [J]. e AR AR AR, 2011, 32(10): 2376~
2381. [LI Z Q, WANG Z G, ZHANG LE, The influence of cationic and amphoteric surfactants on the wettability of quartz surface[J].
Chemical Journal of Chinese Universities, 2011, 32(10): 2376—2381.]

BIZ C, LIAO W S, QI L Y. Wettability Mtermion by CTAB adsorption at surfaces of SiO, film or silica gel powder and mimic oil
recovery[J]. Applied Surface Science, 2004, 221: 25-31.

LIU W K, JIN'Y, TAN X L, et al. Altering the wettability of bitumen-treated glass surfaces with ionic surfactants[J]. Fuel, 2011, 90(9):
2858-2862.

Tk, X, w75, . MD—1 JBIRFIE LR [J]. Ailez3 (A T.), 2004(1): 1-5. [GAO M L, LIU C, MENG X X, et
al. Properties of MD—1 film flooding agent solution[J]. Acta Petrolei Sinica(Petroleum Processing Section), 2004(1): 1-5.]

FPE . TUAIM B ISL I8 7 2 KA Rsh 2409 (D). 5 & sP 0K (PR 4R), 2017. [SANG Q. Experimental method and
effective production conditions of shale oil and gas seepage[D]. Qingdao: China University of Petroleum (East China), 2017.]

VERE, #RKAR, B, 45 T KBRIR MG 8 F 8 SO AL DTS i E R S Sk (9], A5 AR LT, 2019, 40(3): 535—
549. [XU L, CHANG Q S, YANG C K, et al. Characteristics and oiliness of shale oil reservoirs in the Lucaogou Formation of Permian
in Jimsar Depression[J]. Oil Gas Geol, 2019, 40(3): 535-549.]

SRIGTE, AR, I, L ORBE R NI 2 RO A A 2R IE X R R (1], ARG, 2021, 33(2): 116-126. [ZHANG Z
H, TIAN J J, HAN C C, et al. Reservoir characteristics and main controlling factors of Lucaogou Formation in Jimsar Sag, Jungger
Basin[J]. Lithologic Reservoirs, 2021, 33(2): 116—126.]

GONG Y J, LIU K Y. Pore throat size distribution and oiliness of tight sands: A case study of the Southern Songliao Basin, China[J].
Journal of Petroleum Science and Engineering, 2020, 184: 106508.

XUI, BIAT0, FhERI, 45 . 5 B BE DU g 2 FLBRES T 5B ARE [J]. A CHb T 5 RIi% , 2021, 28(1): 106—114. [LIU L, MIN
LY, SUN Z G, et al. Pore structure and seepage characteristics of shale oil reservoir in Jiyang depression[J]. Petroleum geology and
recovery efficiency. 2021, 28(1): 106—114.]

ZETRE, MFEY, XML, G MENE SR BT BRI R P B 2 DU AR AR R B (7], AR SHIRER:, 2020, 31(2): 250~
257. [LIE T, XIANG B L, LIU X J, et al. Study on the genesis of shale oil thickening in Lucaogou Formation in Jimsar Sag, Junggar
Basin[J]. Natural Gas Geoscience, 2020, 31(2): 250—257.]

(% MR

E—1EERBEESE. 7% (1981 F—), HEAMR A, SRERIF, AFdAFLHE, wangzq 81@126.

com,



