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Abstract

Low-porosity and low-permeability sandstone reservoirs have become the core area for increasing
oil and gas reserves and production in China. The JP44, ]JS31-2, and J3P layers in the western Sichuan
region are rich in reserves of such reservoirs. However, due to factors such as complex geological
conditions and engineering operation interference, issues of reservoir sensitivity damage and frac-
turing fluid damage are prominent, severely restricting the release of production capacity. To clar-
ify the characteristics and mechanisms of reservoir damage in this area, drilling core samples from
the study area were used as the subject. Through X-ray diffraction (XRD) analysis, sensitivity eval-
uation experiments, fracturing fluid core damage experiments, and other methods, systematic anal-
yses of mineral composition and physical properties, six types of sensitivity evaluations, and multi-
formulation fracturing fluid damage tests were conducted. The results indicate that the reservoirs
in the study area are dominated by quartz and feldspar. The JS31-2 layer has the highest clay min-
eral content (>36%), with clay minerals mainly being illite-smectite mixed layer, chlorite-smectite
mixed layer, and illite. The reservoirs generally exhibit strong velocity sensitivity (velocity sensi-
tivity index >80%) and strong stress sensitivity characteristics. Water sensitivity, acid sensitivity,
alkali sensitivity, and salt sensitivity show significant layer heterogeneity. The degree of fracturing
fluid damage is ranked as follows: guar gum fracturing fluid > gel fluid > friction reducer > desorp-
tion-type fracturing fluid. The desorption friction reducer has a damage rate of only 13.33% for the
JS31-2 layer, making it the optimal formulation. The research results provide experimental evi-
dence and technical support for the protection of low-porosity and low-permeability sandstone res-
ervoirs and the optimization of fracturing fluids in western Sichuan.
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PERFAE, EFXF TP44. JS31-20 J3P R =ANEAREAL T W5 5« BUBE S 57 B R 2 BORE vHEE G ) R Sk s
R RAECNE =, XA AL OTIN S ZE T, AASCLUITE JP44. JS31-2. J3P JZ N FXT 4,
PR ARGV T, WA E BUSMERHE 5 R 2 ENLS, NIl TR IR ks, A E

DOI: 10.12677/me.2026.143080 819 il TR


https://doi.org/10.12677/me.2026.143080
http://creativecommons.org/licenses/by/4.0/

FEE 5

Par
s

TP 5 SN E6] [7]-
2. SCIGRTE

AT TSR O B Gl Z0 1) - Ak - MM EAE R VLR T, it =200, s = 8uk
PERFIE 5 R 24 o, =R B RAERH WS, NESsLi T R 545 R o rieft e o, =28
SES A% OB IR I M A e AL an 1 FTR
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FHHG G5 OB E R R, B R 2Ol 2 4535 28 o HAZ O F & XS LUAS [RIC 7 e 21 35 22 5+
o7 R R A FAURICRE LKA BRiE IR ZE . W PR RY), 07 6 I O 7 X ik J2 PRI A0 T R 2RI 77, Bk
W R 2R AR B S 10]

TR B A R B . SR X ST S (XRD)EA, FIH A B P &R X5 28 AT 5 RO
Z5, EH AT YRR E o A E 1] B RABIE R R RACE R &, e A O LI
B R T FUE G5 R BB S S AR F A A i 2 A R O R RS i 2R 58 8 S5 R
fE, AESHURYESCIR G B R 20 T A 1 o T PR AL IR, 1) PR 2 00 3 00 o At -5 A 1 5 (R
[12].

3. SBAR
3.1. SEIEAHR

S EFERLE ) PEHLIX JP44.JS31-2.J3P =A™ HLHY A7 (R H- B0y, 55 FEUR BE 43 30l R 1368.16~1376.16
m (JP44 J2). 2651~2659 m (JS31-2 J2). 1401.31~1408.51 m (J3P /2). LHULH B2, SEWE). T
JRIG G ERE, A @25 mm x 50 mm RFRAERIFE 250, SR FREL. MOATALEE S & H, PRIESESR:
FEARM — B 5% 13],

SEES AR RS A HZ /K (2.0%KCl + 5.5%NaCl + 0.45%MgCl, + 0.55%CaCly). BR(15%HCl). Bl
W(NaOH 75 pH 1) ASFEH 10 £ 7K(85,000~212,500 mg/L), LK% 4 Z5MARZBAR R . AW 5Tk E
4 KIRIRZA, 530 R R 2 B AIIAD , WREE 0.3%) B4 BELZK (% BEL7) A BH 25— 3 T P 771,
WREE 0.2%) AW PR TURE 240 (AR T AL AR B 3R TVE 77, WREE 0.15%) AR Bt Bee BEL /K (R T v M 77 &2
BC Ll 3:1, WA 0.2%), FCJ5 %l S ARBS S S BB E 410 D8, 4560 X 6 ZRAEIiL
ki

3.2. SKWRE

FESLIG & EFS: PANalyticalX Pert3Powder T X SF 2R ATHM (e & B T B e RN 28, T X B G L
£ < 0.1 mm). LDY-II B2 DRIk i R ( 2). RAHK A FRIG BEER, BTRPFRE
0.001 g). MHEZH A& THIRAAFSIRAS 1 C)5E. Hrh, LDY-II 8 2 DhREIK & Siie 2 45 v] B4l b )2 i
FEFE S1%6A%, R TR FE+0.01 MPa, i VG = E~150°C, Al R % 28 O IR sL 6 i Tl 75K .
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Figure 1. X-ray diffractometer
1. X SHELTHHL

Figure 2. LDY-II multifunctional displacement physical
simulation system

[# 2. LDY-II B! % I sEIRE 4B IRIU R 5t

3.3. SKWHE

3.3.1. FYIRR S RS

KH X WEATH (XRD) AT RS0 W 5K L0 #5347, KR PANalyticalX’Pert3Powder 2 X 5
LATH, CudlE, FHE 40kV, FHIK 40mA, IR 5°~80°, K 0.02°, FHHEE 8 /min, K
SY/T5163-2010 (EZLFAHGIHREVEN 715 T &AW SR L e &0 . SHEEE 200 H
WA, AT EEAT XRD H4#, FIHBCE LW PR KA & /[ 14].

YESHEON: R ARISE RO E & OMBESR, 85 SY/T5336-2010 (L) 2
K F M ANFR F I € S O ALRR B s 8 R A M it FLBR G MR AE, WAL A0 A . HRIR e 55 KB
S8, NG SRS G L B B8 e LA

3.3.2. EEHRM TR
Z 8 SY/T5358-2010 {fili ZEUBNER B SLIGTEAN 775) 3, TFREEE. /KB Thig. . k. N

'https://www.doc88.com/p-1893467535026.html
*https://std.samr.gov.cn/hb/search/stdHBDetailed?id=8B1827F 18C2EBB19E05397BE0AOAB44A
3https://www.doc88.com/p-9478280654453 html
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1) BB B R ARTE N R (0.25~7 em¥/min), WIE AN EE T & OB E R, TR
B EhRE: I TR R E MBS R RIS SOl XN E N IR = WIRBER - iE)G
BIER)YIIEBIER x 100%, TEE > 80%F] & A5REH[15].

2) JKESER: M1 B (100%Hh 2 7K) BIUERA 6B (0% 2 /K) B8 & ik, WEBiE RN, 1t
SOKEARE At KEURE = (FAEKBIER - KREKBER)/FAEKBIER x100%, 85 >60%
e A sRK [ 16].

3) LW B THERAD L (85,000~212,500 mg/L), WalVEERAR S, 2Ry
PREE,  BIVEIE 26 BRI T B B o) L PRI A BE A

4) BREUSEE: [MIE OVEN 15%HCHIAWR, THIRFE 4 h FIKE RBERRE, WEhEEBER,
TS VSRR 66 Z 0 H R

5) BRECSE: K NaOH 5 ifi/A pH EH(6~14), MEAF pH EH T EWBESR, Mgkt pH (4,
BB 26 4R KR BB ) pHL BRI

6) N AEURSEY: HIEM 3 MPa B TFE 23 MPa, M2 3 MPa S0 EI R, R0NEE 03
FERARA, PP R BURAR B B0 S R

3.33. ERBKHESE

Z 8 SY/T5107-2016 (/KIEEZEHEREVIAN L) 4 RA R F/ERNEBERUEZRG ELRE: 1. A0
FRAMEAEAUIZ K, I E WA RINEE % 0 3% 24 LRI 75°C L BoE B &4 R, BL 0.5 cm¥/min
PUEBEFENER, RIENER S A OFLBRAR 3. SCHIRITHRE 24 h, B ZGRTEHZ R
RS 4. OB ZEK R MRE, BERBERREANE, WEHFHEBER: 5. IMHBERNE
R, BRI E R E R

4. KWERS D
4.1. T RS S

4.1.1. FYIR S 74

WL XRD 428 S04, BRI XA R ST WA BB, IR 1 K2, SET Y
Pres R iR, BAXMZEATE. KARNEET WS, AREMT & EESRE, LT S5mg
YA, HEEGE T 2 U

Table 1. X-ray diffraction whole-rock mineral composition analysis results of different stratigraphic horizons in the study area

# 1. IRXTREM X TH AT MED DTER

Feah's M5 AE%) REKA%) A% BEA%)  FET(%)  AE%) HET(%)

JP-1 JP44-1 543 25.6 8.9 0.7 / 1.2 9.3
JP-2 JP44-2 423 34.8 9.0 0.7 / 2.8 10.4
JS-1  JS31-2-1 41.7 19.1 24 / / / 36.8
JS-2 JS31-2-2 34.6 26.4 0.6 / / / 384
J3P-1 J3P-1 41.8 30.8 5.1 4.8 1.0 / 16.5
J3P-2 J3P-2 37.1 24.6 10.4 3.0 / 14.5 10.4

*https://www.doc88.com/p-7778486513466.html
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Table 2. XRD composition of clay minerals in different strata of the study area

2. MREAEBMELT Y XRD K45
s Fams FRAI(%) FFIRE (%) FFIA (%) BE T (%) 4R (%) S F 1R IZ (%) FZF R Z H(%) 485 TR 2 (%)

X1 JP44-1 / 53 35 6 6 / 50 /
X2 JP44-2 / 51 35 7 7 / 45 /
X3 JS31-2-1 / 50 36 7 7 / 45 /
X4 JS31-2-2 / / 30 / 16 54 / 45
X5 J3P-1 / / 31 / 13 56 / 45
X6 J3P-2 / 55 11 / 34 / 30 /

JS31-2 JZH LA W& B imiih 36.8%~38.4%, HUMPZIRE. BFIRIZNFEGE 2), XM L0
WIiB K 5y R AKALIERK, SRERIEEY K, %R RIS RS O R IERY, T TP44 Rt
W& 21K(<10.4%), HUEAERIKYESRRIA A E, BUSHERR AT . 13P Z 8 A A B SR
By, RN 5T AN E, WS PR B ARG

4.1.2. ¥M4HHE

YIRS R, W7 XA E LB R AE 2%~8%, BiERAT 0.01~1.0 mD, J& T #HAUEFLAE
BAEZE, FLREHUU/NLGERE, HERE TG, BRIR. Hf, 18312 ERK LT EEs, BiE
RELARFAK(0.01956~0.03674 mD);  J3P JZ LI BEA X552 155(8.79%~21.56%), &% %5l 0.01698~0.11307
mD; JP44 JZFLBRE 7.83%~10.87%, BiER 0.03625~0.20719 mD. /NLME (KIS MY TR AL Aok 5
AT R T A, HE— BN A JE AT T R

4.2. tEESRRMRHE

4.2.1. RBUFE

ARG A R BN, R XK AAERIREY > 80%, BT EEMMEE, KARENT 0.75~2.0
cm’/min, H 13P EllE SR ERAK, 12 0.75 cm¥/min. #)2/NFLIRSE M SRE I BN, LA EE
il FHE RS, FLWE A A BRI R ARSI I E T T R EiE % . I EEBTEIE, SFEBEEIRI T, W
Vb 75 PR AR N o

4.2.2. KB SELEHFE

IR A R BN E AR R PR R, IS31-2 2 AR KBERECN 60.78%~65.51%, 2S5 m5k /K& J3P-
86 ‘HFEKBHR I EIA 98.43%, EMER/KE. J3P-86 ‘HFEFSEIRIE & HLik 55% (6 3), BEAKMER P05 e,
MR, RS L PREOK AR, ST, SECBEF M 29.34 mD HFE A 046 mD, /KEHEEL
A 98.43%, ARFFLIX Eik, IIAVENL A 5 S RO (L FE AR N . SRR R B, BT X Ag 2 I
W ALEEY 110,000~120,000 mg/L, B A6 FEAR TG FHERT, R0 VIR, 2@ KR~ .

Table 3. Core data from the water sensitivity experiment

= 3. KSR BUIR

L ALt TN £ S sl i
JP44 <60 HHE K
JS31-2 60.78~65.51 Hh S8 i R K B
J3P(J3P-86) 98.43 8 7K 29.34 0.46
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4.2.3. BRI SWBIHHE

PRI, ARERREBUREN T 24.64%~44.11%, RICNIGIRB — PEMmISREL 13P REREE T #
Ay B AERRET Y, SREURNE R SR SRR, RO ERBE, (A B T B R
B B R, FrA ARG pH EIY8 9, pH>9 RIS W BUEK . KAHWH, BEREH
TR, B R P A SRR

4.2.4. R NBRRSHIE

N USRG2I, B E XAk RS R DN SR sk, HLAG B AT . B [ A 3 MPa
FF%E 23 MPa, HOBERSRI TR, BEHIEG, 1S31-2-8 AFHEIERMM 0.00283 mD KEZE 0.00421
mD, UK BYIGRIEN 19.4% (5 4), RBRN TR FEALGE R AR AT, X 5K
BEIZN U TR AR RRIE R R, R R RO 2 .

Table 4. Core data of stress sensitivity experiment

® 4. NOBRIBZOBIE

WAUAFEJS31-2-8)  HALAFEIS31-2-8)

BAr  BEEZRAEEMPa)  BUREH P ER (D) L S B (D) BERKE R (%)

JP44 352353 558 8 7 UK - - <30
JS31-2 352353 TR BUR 0.00283 0.00421 19.4

J3P 352353 [IwaL:: U - - <25

4.3. ERARGENH SHE
43.1. ERBBEREEXILL

AR EZEES & R R 0 E R 2 B2, SRR N TR > Bl > FERK > f#
W IR, A S Kl WK 5

Table 5. Core damage test results for different fracturing fluids

F=5. TEEHRBEVHEXLRER

Frs FEMIEGS  BAL RRWBEER WHGRINEIERmD)  iFERIEIERmD)  BERBER(%)

1 JP44-62 P44 JURIEZR 97.93 43.62 55.46
2 JS31-2-1  JS31-2  JRKIEZ 21.07 2.65 89.89
3 JS31-2-3  JS31-2 MR Bt A BH /K 26.27 24.64 13.33

A — R ZSRAEAFEM G E R E S, ZOETHEER T &R 588, JS31-2 Bt & &
1(>36%), SRR EZEE A1) B HK S 51 KA LKA, (R R R 2 fE A INFLIGR A B, S &
1k 89.89%; 1M1 JPA4 R LB W& &K, TR H 28075 5 384N 52.46% 0 AW B 132 BELZK DRI n 17 28 T i
U, BRAR T AR SR L IR B E R, > T RRIE A K, TE IS31-2 JEGE R A 13.33%, MRILH Ekh
TEREMZNERYE, XE5MARBEESFR MK 0T AR TSR E R SRR 1S58 — B

4.3.2. EREHENFISHR

FEZBOHRARIB I A E I R B N =28 — A L YK AIEIK 5 08, KEEEZGE A B
IKRURIEIRVERE E VIR . 0B, SIRRDS R G 2E LM RN, TR R &)L 2L i
JarE TR, TENILME A DURHE, TR A TG TE; =RV R, R RSBR INFRIR B e ) R
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Figure 3. Results of core damage experiments with different fracturing fluids
3. FRERAELHEXRER

A/ NFUMERE T AR SRR, FHAS I~ GST. AR P 28 e SR i A SR T Ak 7RV T, ARG
AR IR A, AR TR D E (A 3).

5. S5
5.1. &0

1. )17 JP44. JS31-2. J3P EAMAMKILUREBWAME, TWHBRIATE. KA 8E, 1S31-2 2k
TG ERE(G36%), RENPRIRE. SFRZEWKET Y, 2 68E8URERZ 0T .

2. WA X it 2 i B A S B CR BUEEL > 80%, i FHIE 0.75~2.0 cm’/min). 5N I BURGSIE R
ANEIE R BRRRAE, KB DRSS R B RO T, B4 R AR K

3. AREZGRGERRE Z R R, TR S 200 5 ok, RN PR K s, HAEmii Lo =
[ JS31-2 2 EFAL 13.33%, T X Bt 24 C 77 -

4, FRZEEAGE EE R AR . FRib 1 2 5 R B B = KU S8 R P s 2R 1 o 1 i
MK S RIE S BURAGE, IE BT TEIX A R AR .

5.2. ¥Hg

BT TR RIS RIS At JZ 0 EER W] SRR Z i ik . RIS K 8 5R 2RI
SRS S5/K B 117 JS31-2 R BUE S > 80%. J3P E/KBUEEEIL 98.43%, UKL B3 Wi,
o S P A 2 R e B SR R R (536%) BN SR AB, SRR DR s N AR AN R TR
ALK AL 19.4%) M S ERACIE KA KIRFHRB R B0 R IRFLIRE AR Ik o MR P R PELK
ROIENLEE ATy “ =BEka” W EVE I SR VAR, 2R R 7T IR B = (o bR ), #a 7K E
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K BT T3 R 2 MOR HE (Y FE e fa ), B RL [) 45 & M ks #8 (1122 B, =& JL[A) s
L 13.33% R FE

5.3. EiY

1. 85 RS T, P N AR T I S &(<0.75 cm®/min), BEGEE0IE; HHEEHE T
JE77, Wb B S BRI AR A R 48 AR T

2. EPXT IS31-2 JEAR STk AR B R BEL K, TP44. T3P JZ Rl 3k F AR B TUR IR 24, e B FEE AR R
it E; VB RAT L EAMK T IR AL . pHAEAR ST 9, MUBEERE. B & .

3. Wit THAAGRHE T2, IR R 2SR HEE R, sl i B ], PSR 5 K 2K o ok
it 2%
ELWH

HRBHE R B R AR ISR RITE (Jh 5 2025201009).

SE 3k

(1] #EL, WK, BTEME, & (RFLRHMRE A R R K LA s 2 R AE K KPH T R S —— DAENS /R 250 1
XABIT]. FBHEEHEN SR, 2020, 17(7): 17-18.

[2] BXFS, JEVRER. 1A G X 20 B i R AR R BURPER A [J]. TLAHEL, 2010, 31(2): 88-89.

[3] oRifglg, ZEmR, THTH, 5. SR EUE 2N EIUR R[] Aiik TR, 2023, 42(12): 7-10+32.
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1 BRMEARG. ARIBI% PR I % P 75 e T 38 93 R 72 [D): [ 240018 3], P2 16 2l K 2%, 2025.
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