WK EFMD AL

PETROLEUM RESERVOIR EVALUATION AND DEVELOPMENT

DOI: 10.13809/j.cnki.cn32-1825/te.2025094

B 1 FE B TR DU R MO R B 5%

FEM, ZEW HXHE G % &
CL R A (RO I SR TT & Be 5 R AR b8 T S22, b s 43007452, A i i I Sl HE 438 ) 45
SLIDRAM) B WA 838202 3. LA vl kA I FH AN wEHERIT R I BE , e i 839009)

WE AT EHFADET REDERBARRGEHAFTENXBEAZ —. KW, RN TEMAELHRREAEEY W, &
M TERE TR FREEBEFPH S TS REN S B Mo FEL KU THABEERRE, H T HRX— 18, %9 5% 5
ERERAD D FEMREREN T EmtE P ER R ARREAT AN T, U ERRE T, AP kB E, Ra R
Wy R, B ERH R RSN, HEFF 0T BT EREN RSP ER, T 85 QHATRAE LR, AR BCK CT =M
T FREMBECEME A, B E N E QR THNERS L, 2R ELECFHHIRESHFMC., TREREN . SR
A nFERTLIT4XI0' AR BRERT 2oL, AR LR T, RANABRER KK T8.9%, BEE THIEE DT 15%, % G
KT 035;T 4 FEAIT1 75410 B R ER BN, W FR LB EHE, FFHBTL0TOU L, A HERE N DRI A G R,
WMWK, ARLELN, REMEL TR ATHNZLATEMRERENLE YN AP L FERTEYWEF, BLH
EEAWRAGDDTERE  VAD ERRERE PR AR RERMETHZRE A THREAEENTE RBEERH X
o FRBRRFMAT B E R AR T RET HFRE, MR AR EARIERET - NS E M.

KEBIA T RA M E 20 AR AE s Ok CT; A 4 i 5%

FE %S TE3S7 SCHRARIRAS : A
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Abstract: In the development of shale oil, polymer fracturing fluid is one of the key technologies for increasing oil and gas production.
However, the molecular weight of the polymer significantly affects its fracturing effectiveness. Excessively high molecular weight may
exacerbate polymer retention and aggregation within the reservoir, while overly low molecular weight may result in insufficient fracturing
effects. To address this issue, this study aims to investigate the influence of polymer molecular weight and concentration on the retention and
aggregation behavior of fracturing fluid in shale oil reservoirs, with the goal of optimizing fracturing fluid formulations, minimizing reservoir
damage, and improving fracturing efficiency. Through experimental research and technical analysis, polymer solutions with different
molecular weights and concentrations were selected for displacement experiments on shale cores. Micro—CT scanners and scanning electron
microscopy (SEM) were employed to observe and compare the cores before and after displacement, analyzing the retention and migration
characteristics of polymers within the cores. The results showed that when the polymer molecular weight was below 1 754x10* and the
concentration was below 2 g/L. 1 and 3, where the concentration was 1 g/L—the retention effect was relatively weak. This was manifested as a
porosity loss of less than 8.9%, a permeability reduction of less than 15%, and a retention index below 0.35. When the molecular weight

exceeded 1 754x10* and the concentration was relatively high, the retention effect was significantly enhanced, with a retention index
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exceeding 0.70, especially prone to accumulation near fracture entrances, affecting oil and gas flow. Additionally, the study found that

polymer retention in cores was jointly affected by molecular weight and concentration, with molecular weight being the main factor. By

determining an appropriate range of polymer molecular weight, this study provides a scientific basis for reducing retention and aggregation of

fracturing fluid in reservoirs, thereby mitigating reservoir damage and enhancing fracturing performance. The findings offer a scientific

foundation for optimizing fracturing fluid formulations in shale oil development and serve as a useful reference for technological

improvements in related fields.
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Fig. 1 CT scan of original rock samples
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Fig. 2 CT scan of pore changes after displacement with medium—-low thickener system
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Fig. 3 CT scan of pore blockage at inlet with high thickener system
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Fig. 4 CT scan of residual pores at outlet with high thickener system
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Fig. 5 CT scan of pore constriction at inlet with medium—-high thickener system
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Fig. 6 CT scan of distal pores with medium—high thickener system
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Fig. 7 CT scan of pore distribution after displacement with low thickener system
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Fig. 9  Scanning electron microscopy of original rock samples
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Fig. 10 Microscopic retention morphology of core with medium—low thickener system

LIRS YE .

£ A A

B kg p ik = A DR A REAHR
Fig. 11 Polymer aggregate morphology at inlet with high thickener system



a EANGREGWRESRT

0. TR TI
VLT R AR

e. A SALBR I

c. TEASm LB 21T 5

. 1 S Jo AR

K12 b Rk R H iR A Y8 28I 50
Fig. 12 Polymer blockage morphology at inlet with medium—high thickener system

a. TEATIRAT 2

d. H P b
LN R AN E

o, th LB 1. 8y T3 R RS2

BI13 RIS BRI R 5 AL 2 Sy B RS

Fig. 13 Uniform retention morphology of core with low thickener system

0.4, fLB IR /N T 10%, B3 R BRI T 20%, T7E43
TS E RN T 1 754x10° R G,
W11 275%10%~1 509x 10, [7] A} 22 3 i 2 B 75 R, i ok
F30 mPa-s. 44rFaoh 1 754X 10° 0, Ji ik B v /1
ETF2 gL /T 1 509x10° i Ji a2 vk BE AT il 5 &
5¢/L,

1) UBEY T 8/NT 1 754%10° B}, Al B8 %00 A
B, s B R R R T 0.35; T 20 Tk K T45F 1 754%10°
it Vi B A0 S S R Wi B AR BT 38 0.70 LA L

2) TEAHIA i A, JO itk B 1 fin 2 il iy 8
BN o ARG I S e B AT O ) R 2, Tk
RFEFEWE . @ T RGO i o 2
PSR Sy F R 1 754%x10* Ji5 , i B2 81
LI 5 ISR AL

3) F TR R A Y SLEE A CIARHERL (7 A FL
BRAS/N T PR A PR RSB RE AR, X
A SO Ty R Ak 205 3 3R m il S R T
HRIS A B SR, S R R AW o T L AT
b R A AR 2 P A SRR SR TR AR

5 % X #
(11 JABEWL, UMM, ik, 2 . B0 I oe it 5 % R R 301,



[2]

[31]

[4]

[10]

BRELE, 2023, 48(2): 793-813.

WAN Xiaofan, LIU Congcong, ZHAO Defeng, et al. Hotspot and
Development Trend of Shale Oil Research[J]. Editorial Committee of
Earth Science—Journal of China University of Geosciences, 2023, 48
(2): 793-813.

2% bR, LT SE, A5 TUAIhAE 2 R 2SR T HLIRT].
AiAEAR, 2024, 45(11): 1652-1661.

ZUO Luo, ZHANG Shikun, SHEN Ziqi, et al. Mechanism of
fracturing fluid imbibition in shale oil reservoirs[J]. Acta Petrolei
Sinica. 2024, 45(11): 1652-1661.

AP BT R, BRE, A5 o [ AR DU IO R I R 5 Sk
1. AR 57 &, 2022, 49(5): 955-964.

LI Yang, ZHAO Qingmin, LYU Qi, et al. Evaluation technology and
practice of continental shale oil development in China [J]. Petroleum
Exploration and Development, 2022, 49(5): 955-964.

AR, TRV, AN, 55 L R SUE U B TR — R LR TR
SERSELAR K] HERB, 2023, 48(1): 1-13.

JIANG Tingxue, BIAN Xiaobing, SUN Chuanxiang, et al. Key
technologies in geology—engineering integration volumetric fracturing for
deep shale gas wells[J]. Editorial Committee of Earth Science—Journal
of China University of Geosciences, 2023, 48(1): 1-13.

WHE, S8 N, BRI, 55 L TUA I TR TREHORN L K
JRASLI). A S I &, 2023, 50(4): 824-831.

LEI Qun, WENG Dingwei, GUAN Baoshan, et al. Shale oil and gas
China: Technical with  US  and

exploitation in comparison

suggestions[J]. Petroleum Exploration and
Development, 2023, 50(4): 824-831.

XS, 22U, A58, 45 . IR02 9% B0 B 2 BP9 K Bk il e 2
VLI G E AR, 2024, 41(3): 406-412, 437.

LIU Chengcheng, LI Shuaishuai, REN Qiang, et al. Development of

development

nano—modified displacement fracturing fluid for low permeability
tight reservoir [J]. Oilfield Chemistry, 2024, 41(3): 406-412, 437.
BHE, 0. B, 55 . RO A0 PSR TR eI (95 15
PEREPFA L. AT BB R, 2023, 51(2): 109-115.

LI Zhaoying, YANG Xu, YANG Jie, et al. Synthesis and property
evaluation of an amphoteric polymer fracturing fluid thickener[J].
Petroleum Drilling Techniques, 2023, 51(2): 109-115.

TR, T I, A L R SR ST SRR D). T LA,
2018, 35(3): 545-549.

LUO Yansheng, FANG Bo, LU Yongjun, et al. Research progress of
high temperature fracturing fluid[J]. Oilfield Chemistry, 2018, 35(3):
545-549.

WA, BOSORE, A0 B, 45 T el T /K TR 2R AL R P RE ST
[J1. W E AR, 2020, 37(1): 17-21.

CHEN Lei, BAO Wenhui, GUO Bumin, et al. Performance evaluation
of thickener for seawater—based fracturing fluid with high temperature
[J]. Oilfield Chemistry, 2020, 37(1): 17-21.

TEVE, TTE, SREE, 45 SRE UK ZIHHK A S A E R
15 M D MRS I %, 2023, 50(1): 160-166.

WANG Yang, YU Haiyang, ZHANG Jia, et al. Transient pressure
analysis of polymer flooding fractured wells with oil-water two—
phase flow[]J]. Petroleum Exploration and Development, 2023, 50(1):
160-166.

YANG S, MAO J, YANG B, et al. High performance hydrophobic

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

associated polymer for fracturing fluids with low—dosagel[J].
Petroleum Chemistry, 2020, 60(2): 219-225.

XIE K, MEI J, CAO W, et al. Improving oil mechanism of polymer
gel fracturing fluid based on filtration displacement[J]. Journal of
Petroleum Science and Engineering, 2022, 218: 111030.

HUANG Y P, HU Y, LIU C L, et al. Supramolecular polymer—based
gel fracturing fluid with a double network applied in ultra-deep
hydraulic fracturing[J]. Petroleum Science, 2024, 21(3): 1875-1888.
DAI'Y, LI J, LI L, et al. Flow characteristic of polymer solutions in
porous media: Influence of the molecular weight and concentration
[J]. Petroleum, 2023, 9(2): 214-222.

VON GUNTEN K, SNIHUR K N, MCKAY R T, et al. Characterizing
returning polymers in hydraulic—fracturing flowback and produced
water: Implications for colloid formation (includes associated
erratum) [J]. SPE Journal, 2021, 26(2): 563-590.

XIONG Z, WANG G, ZHANG Y, et al. Application of digital rock
technology for formation damage evaluation in tight sandstone
reservoir[J]. Journal of Petroleum Exploration and Production
Technology, 2023, 13(3): 803-812.

SHI P, WANG S, WANG Z, et al. LNMR analysis of the retention of
different guar gum structure in sandstone: Based on a new
characterization method[J]. Geoenergy Science and Engineering,
2024, 243:213113.

TOMOMEWO O S, MANN M, ANYIM L, et al. Maximizing the
proppant carrying and viscoelastic properties of the bakken
hypersaline-produced water with high—viscosity friction reducers for
sustainable applications[J]. SPE Journal, 2022, 27(6): 3688-3703.
S RREK, FLLRE, 55 TR 3 SRR T T e
RSN AT MRS T4, 2024, 51(4): 841-854.

YUAN Shiyi, HAN Haishui, WANG Hongzhuang, et al. Research
progress and potential of new enhanced oil recovery methods in
oilfield development[J]. Petroleum Exploration and Development,
2024, 51(4): 841-854.

FUA . DI 2430 M B i S5t e B2 101, B 5 S8
2024, 41(4): 546-550.

BAI Yan. Characteristics and Application Prospects of Diutan Gum
Fracturing Fluid[J]. Drilling Fluid & Completion Fluid, 2024, 41(4):
546-550.

TR B3, 4, TRk, 5. it vl ¥ /K P L R 5 W B 00 U
AEMERELT. AlAL L, 2024, 53(3): 374-382.

TENG Dayong, JIN Xin, DING Qiuwei, et al. Rheological properties
of polymer thickener for high—temperature resistant seawater—
based fracturing fluid[J]. Petrochemical Technology, 2024, 53(3):
374-382.

TLERER, X785, SARSENBEKULY Bauyrzhan, %5 . B—FR #1457
KRG YRS 0y 5 E M52 J]. i B AR, 2024, 41(1):
131-137.

SHEN Jingjing, LIU Dexin, SARSENBEKULY Bauyrzhan, et al.
Effect of B~cyclodextrin on the viscosity of amphiphilic polymers and
the determination of molecular weight[J]. Oilfield Chemistry, 2024,
41(1): 131-137.

LIM H, ZHOU F J, LIU J J, et al. Quantitative investigation of multi—
fracture morphology during TPDF through true tri—axial fracturing

experiments and CT scanning[J]. Petroleum Science, 2022, 19(4):



[24]

(27]

1700-1717.
A IR, AR, XIRAS, 45 FIH CT BB FE IR A S L]
AT S K, 2014, 41(3): 330-335.

DENG Shiguan, LYU Weifeng, LIU Qingjie, et al. Research on
displacement mechanism in conglomerate using CT scanning method
[J]I. Petroleum Exploration and Development, 2014, 41(3): 330-335.
IR, TR, R, AR R TIROK CT SUS RS RAE T 1P 5T
[J]. HuBE24, 2019, 93(9): 2372-2382.

GOU Qiyang, XU Shang, Hao Fang, et al. Study on characterization
of micro—fracture of shale based on micro—CT[J]. Acta Geologica
Sinica, 2019, 93(9): 2372-2382.

SRA DT, EARZR, SRR, A R T A ROULIT R A 0L
AR ARAE]. TREH B4, 2024, 32(4): 1199-1208.

ZHANG Jianyong, CUI Zhendong, HAN Weige, et al. In situ
observation and deformation characterization of microscopic fractures
in shale under scanning electron microscopelJ]. Journal of
Engineering Geology, 2024, 32(4): 1199-1208.
CHEN J, LAN H, MACCIOTTA R, et al

Microfracture

(28]

[30]

characterization of shale constrained by mineralogy and bedding|J].
Journal of Petroleum Science and Engineering, 2021, 201: 108456.
PENG S, LAMANNA J, PERIWAL P, et al. Water imbibition and oil
recovery in shale: Dynamics and mechanisms using integrated
centimeter—to—nanometer—scale imaging[J]. SPE Reservoir
Evaluation & Engineering, 2023, 26(1): 51-63.

SHI P, WANG S, OUYANG C, et al. Novel nanometer silica
desorption reagent reducing the damage of hydroxypropyl guar gum
reservoir[J]. Journal of Petroleum Science and
Engineering, 2022, 216: 110838.

HRACIR, POLFr, AR, 45 | F40 AL e~ AR 23 B 76 70 )1 7 s B
WA P T R APIR ST E N (D). A 6 88 G0 38 47),
2023, (5): 16-21.

ZHU Huipai, FEI Guangchun, TAN Hua, et al. Application of SEM

to sandstone

and EDS to study the occurrence of niobium and tantalum from
lithium ore in west Sichuan [J]. Nonferrous Metals Mieral Processing

Section, 2023, (5): 16-21.



