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Sensitivity experimental study of low—pressure tight sandstone gas reservoirs in eastern
margin of Ordos Basin
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Abstract: The eastern margin of the Ordos Basin is rich in tight gas resources. However, the reservoirs are characterized by low pressure
coefficients, poor physical properties, a high concentration of sensitive minerals such as clay minerals, and complex pore structures. These
features result in a high degree of potential reservoir damage, which constrains stable and high gas production. To clarify the sensitivity
characteristics of tight gas reservoirs in the study area, the study used tight sandstones from the first member of the Permian Shanxi
Formation (Shan—1 member) and the eighth member of the Permian Shihezi Formation (He—8 member) as the research objects. Cast thin—
section analysis, scanning electron microscopy (SEM), X-ray diffraction, and core fluid displacement tests were employed to investigate
reservoir sensitivity. Based on the results, targeted strategies for reservoir protection were proposed. Experimental results indicated that the
reservoir rocks were fine to medium grained lithic sandstones, with an average clay mineral content of 21.59%, primarily consisting of mixed-
layer illite—smectite. The main pore types were residual intergranular pores and secondary dissolution pores. Nanopores were well—
developed, with poor connectivity between micro— and nanopores. In cores from the He—8 member, the median porosity and permeability
were 6.43% and 0.149 x 107 wm’, respectively. In cores from the Shan—1 member, the median porosity and permeability were 6.46% and
0.387 x 107 um?, respectively. The pH values of the formation water ranged from 5.47 to 6.83, with an average total salinity of 118 077.21 mg/L.
The reservoirs in the study area were low—temperature, low—pressure tight gas reservoirs, exhibiting weak velocity sensitivity, weak to
moderately weak water sensitivity, weak to moderately weak salt sensitivity, moderately weak to moderately strong acid sensitivity, weak to

moderately strong alkali sensitivity, and moderately strong to strong stress sensitivity. The average critical flow velocity was 0.3 mL/min, the
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critical salinity was 60 000 mg/L, and the average critical pH value was 7.79. During development, attention should be paid to the low

pressure, low temperature, and high nanopore proportion of the reservoirs. Acid sensitivity, alkali sensitivity, and stress sensitivity should be

prioritized, and improvements and optimizations should be made in drilling, completion, fracturing, and production practices. The research

findings provide significant guidance for the efficient development of low—pressure tight sandstone gas resources.

Keywords: Ordos Basin; tight sandstone gas; fluid sensitivity; stress sensitivity; reservoir protection
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Fig. 1  Cast thin section observation results of tight sandstones from Permian He—8 and Shan—1 members, eastern margin of Ordos Basin
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Fig. 2 Scanning electron microscopy observation results of Permian He—8 and Shan—1 members, eastern margin of Ordos Basin
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Fig. 3 Nuclear magnetic resonance measurement results for 7, spectra of Permian He—8 and Shan—1 members, eastern margin of Ordos Basin

LB /% BBERN107
1 5()00 .S 1.0 1.5 2.0 1 500? (.)'5 1;0 1'.5 2.'0
P "R X ;cl-,:zlz
aili alli
1600F 4 o SCIRER, 1600 o SCHRE
1700 1700
°
do, © o °
51800-‘Mm EISO()»
Q( BN @ b 4a
2 AKBa 2 >
71900 Lo ‘AMA ™ 1

1 0008k ok A
! ‘44, 4,
L A A
2000 | 2000,

MAM‘M
“nl‘ E
(&g
2100+ 2100
2200t 2200

a. FLBREE 52T 55 2 (N=562) b. B R G HEVRE SR (N=562)

10° ¢

BIBEHRIN07 ;.Lmj
S

#AA.
‘O'*‘QA — UIBANAILE © 8B
107+ GBI aliB
1074 | | s .J\/]L?/h |L‘.
0 5 10 15 20
FLBRIE %

e ARE LB K (N=562)
TE N AR
4 SR SR G 8 BUFLL 1 BrfLER BRI 2 R4k
Fig. 4 Porosity and permeability measurement results of Permian

He—8 and Shan—1 members, eastern margin of Ordos Basin
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Fig. 5 Schematic diagrams of experimental setup for reservoir sensitivity evaluation of Permian He—8 and Shan—1 members,
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Table 1 Formation water salinity design for Permian He—8 and Shan-1 members, eastern margin of Ordos Basin
= [ e 1 B, (K*+Na")/ Ca™/ Mg/ ClI'/ HCO,/ S0,/ Cco./
= A el 3 3 3
(mg/LL) (mg/L) (mg/L) (mg/LL) (mg/L) (mg/L.) (mg/L) (mg/L)
&8 HJZAK 66214.1 11910.8 10 338.9 1006.6 39325.8 860.6 135 0
1B 2K 66 214.1 11910.8 10338.9 1 006.6 393258 860.6 13.5 0
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Table 2 Basic data of experimental core samples from
Permian He-8 and Shan-1 members, eastern margin of

Ordos Basin
B R s vegm (OO TEER
DJ28-4-1 R 177430  10.88 0.130
DJ28-5 KA 1774.30 8.56 0.106
DJ28-4 Hin 1774.30 10.88 0.125
P, DJ28-6-2 hig 1779.08 4.40 0.036
DJ28-2-2 7350 1773.84 8.33 0.020
DJ28-4-2 T A 1774.30 10.88 0.125
DJ28-6-2 T 1779.08 4.40 0.036
DJ28-6-3 MU 1779.08 4.40 0.015
DJ19-4-2 A 201535 7.28 0.146
DJ24-2 TR 1975.11 3.39 0.083
DJ24-1 g 1973.58 235 0.080
DJ24-4 NI 1978.45 3.42 0.081
1B
DJ19-4-1 [izgiis 201535 6.89 0.139
DJ24-3-1 i 1 976.69 3.50 0.044
DJ19-4 3510 201535 7.28 0.046
DJ28-3-3 R iHUK  1774.03 3.59 0.013

1.25 MPa. 5250 Fif X 25O il 5025 70 AR 4001l )22 7K 24 e
JIT FHAR AR E AR Y4 0.10.,0.25,0.50 ,0.75 ,1.00 mL/min.
AL 25 R 3 E 6 F s, 1 1 BOE R Bk
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Table 3 Experimental results of velocity sensitivity evaluation for Permian He—8 and Shan-1 members, eastern margin of

Ordos Basin
)= A FE S i TR /m LB /% BBR/N07 um? I S/ (mL/min) - HEEHFEEU% R
1B DJ19-4-2 2015.35 7.28 0.146 0.1 16.67 59
8B DJ28-4-1 1774.30 10.88 0.130 0.5 5.55 55
0.095 —a— Y5 DI 19-4-2 i%?ﬁf¢%??ﬂﬁi*ﬂﬁfkf§ﬁﬂ%@4@?ﬁo
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Fig. 6 Curves of experimental results of velocity sensitivity i, SR )Z B F MR, b TARW a3 R AR 4R
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evaluation on Permian He—8 and Shan—1 members, eastern

margin of Ordos Basin
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Table 4 Fluid salinity design for water sensitivity experiments on Permian He-8 and Shan-1 members, eastern margin of

Ordos Basin
. e MARE, (K'+Na*)/ Ca®/ Mg/ cr/ HCO,”/ S0,/ €O/
XA eSSl ; 3 ;
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
HZK 66214.1 11910.8 10 338.9 1 006.6 39 325.8 860.6 13.5 0
AL L
Tlnl ?E;‘ UHBJEIK 33107.1 59554 5169.5 503.3 19 662.9 430.3 6.8 0
75K 0 0 0 0 0 0 0 0
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Table 5 Experimental results of water sensitivity evaluation for Permian He-8 and Shan-1 members, eastern margin of

Ordos Basin
J2L FE 25 TR /m LI % BIEFR/107 um? IKEEFE % IR
1B DJ24-2 2015.35 3.39 0.083 29.56 559
L8 B DJ28-5 1774.30 8.56 0.106 31.00 o2 i 55
0.8 0.8
— 2K L — JZKE L
0.7+ — 12302 K LR 0.7 — 242K LR
FEMk FEMK
g 0.6 | é 0.6
R R
=05t = o5k
0.4 + 04}
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Fig. 7 Relationships between pressure and time during displacement by different fluids in water sensitivity evaluation experiments
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Table 6 Fluid salinity design for salt sensitivity experiments on Permian He—8 and Shan-1 members, eastern margin of

Ordos Basin

2 ] BB, (K+Na*)/ Ca/ Mg*/ cr/ HCO,7 SO/ €O}/
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/.)  (mg/L)  (mg/L)

HiZ K 66 214.1 11910.8 10 338.9 1006.6 39325.8 860.6 13.5 0

3/4 5 fk L K 49 660.6 8933.1 7754.2 755.0 29 494 .4 645.5 10.1 0

%fg 129 A0 1 2K 33107.1 5955.4 5169.5 503.3 19 662.9 430.3 6.8 0

LA A0 1l 2K 16 553.5 2977.7 2584.7 251.7 9831.5 2152 3.4 0

751K 0 0 0 0 0 0 0 0
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Table 7 Experimental results of salt sensitivity evaluation for Permian He-8 and Shan-1 members, eastern margin of Ordos

Basin
N , N s ; " Il e AL/
2 FEHE VR FLBEERG  BERN0T umd ALGEEY bR '”Jiz e
018 DJ24-1 1973.58 2.35 0.080 21.00 5 60 000
=4
DJ24-4 1978.45 3.42 0.081 29.00 5 60 000
- DJ28-4 1774.30 10.88 0.125 31.00 T A5 i 55 60 000
&S EL
DJ28-6-2 1779.08 4.40 0.036 36.00 2 g 55 60 000
0.8 0.8
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37442 KWL 34 E K
0.7 ¢ — 2K L 07 — 2R
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Fig. 8 Relationships between pressure and time during displacement by different fluids in salt sensitivity evaluation experiments for Perm-

ian He—8 and Shan—1 members, eastern margin of Ordos Basin



990 WRUTH , 45 . SP/R 21 G AR AR TR BUR W05 U2 BURWE SC e i e

2025 4F
F15E el

] BB 5 R R ) B N A UL UE L 5308 1 R BRI
B XTI % DX S B D 0 TR Y T R R SOOT A S G TR A
T W R 2 B R . B DR LA 15% Eh R h

PR SOPE A S B0 45 SR N6 8 I/, & 8 B IRfilds Bl
64.3% , PR AR B rh A Ao o 1l 1 B R BBCHR 2R 46.0%,
R AR B RN TP S w55 . DRI, SEPR I R A v 7R
FHER TR TS | I R Pt e o

3.5 WEITMER

WF5E X G 8 A pHAE R THUZ K . 247 pH
H TAER IR A5 , AR B AN BCAH T e i+
Rk SRS A (W A5 R, SR T U B ZE LR | 1 B B
RNWE . TRRMEOTN S50 XS TAER A —ER
Fe S X W —E I NaOH B AR IL) 2 7K rb e 2
AN T] pH {H ) A, 52 58 AR pHAAE MK 7 7.0.8.0.8.5.
9.0.10.00 R JH I 9803 , 8 1k Wil J e 7 2 S 1B pH
(4 75 £k T FR B SCHE AN . BB SC I 45 SR n 3k 9.,
B9 R . 11 B s 8 T 60%~62% , F BN h 45
i R BB, I S pH B T 7.0~8.0;5 & 8 B BUHE 5N T
21%~41%, 2 B 4y v 45 Al 55— 55 B B, I 5 pHAAELAY T
8.0~8.5, X Bk AR BOMA B F K1l B pHAE R 7.79,
S BRI A ik A e A AR pHAE A B 2o I
pH{E.

4 f#)Z N HURR E IO

WF 5T X BUE ORARFLARS , BLALBRE AR, SR
J B — P T 4 K J2 5 I 2 DA o A R AR
U, W R 7 SR Xt TR T B A A 7 o R
A FLAT H AR o SEI R R 0 ki AN R A R
N3 BB 35 2 A RO TR N 3.5.10,20.30,

R 2 h o R R S, X LR S B i R

o

40.30.20.10.5 MPa. A 1 {53 s (] 280 10 o) 17 ) HB0UJR% )
SR 7E B0 38 B AN A7 A B AR KR 4 h DL RS
R, JE I U B0 TR ) SRR B, TR
PR
SR B R S BN 1 B g R nE 10,14 10
JR7R o ) BUBHR (S ) PERT BRI : S,<0.05 , T ) sk
P2 50.05<8.<0.30, )i J B J32 535 5 0.30<8,<0.50, )i )
BRI B TP 45 55 5 0.50<8.<0.70), I3 7 SURRR B v 252 g
5 50.70<S,<1.00, i 7 BUFE BE i 5 S >1.00, I 7 ffs A
FER R o AR (L) R ) SR BT bR i v] LA
1B 08 35 R 2N 95.91%, I ) BUSR Bk
0.55, 30 i A5 i N7 S RS B 8 BrA D B B R E
2 99.41% , W 1 UGS BN 0.80, & I Ay vi 7 g FUEk
B 5 A7 S5O0 1RGN, 25 05 38 R BRI T o 5 XA 4K
VAR /S -Ni IS RINS. Svife 35008 /3 -BN (ER vy (iois R IR 7 37
BT O AR 118 7 R
_ 1= (klky)"”
lg(oloy)
-SRI I BRI B b o SR SN S T B AR
BN 107 um®s kg R 5 D ATIRB B, AL 107 wm’ ;o
SRR ST, A MPas o A WIIRH ZLN 77, #47 MPa,

(1)

5 EE DRI ST 0

VEUERAR 2% D X B 8O 0 A AR I XY -1+
PEATRUEMER 0T . XY -1 3 237255 4 400 029 m®,
ST KA 17 m?, Bl R T A S TR A b
7%) FEATE T, SRR ML ] 336 h, R RBR HES

*8 DRE_BRESEMU RBEITNIWLER

Table 8 Experimental results of acid sensitivity evaluation for Permian He-8 and Shan-1 members, eastern margin of

Ordos Basin
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Table 9 Experimental results of alkali sensitivity evaluation for Permian He—8 and Shan-1 members, eastern margin of
Ordos Basin
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Fig. 9 Relationship between pressure and time during displacement by different fluids in alkali sensitivity evaluation experiments for Perm-

ian He—8 and Shan—1 members, eastern margin of Ordos Basin
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Table 10 Experimental results of stress sensitivity evaluation for Permian He—-8 and Shan-1 members, eastern margin of
Ordos Basin
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Fig. 10  Relationships between permeability retention rate and effective stress for Permian He—8 and Shan—1 members, eastern margin of
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Table 11

Sensitivity and corresponding reservoir protection strategies for tight gas reservoirs in study area of Permian He-8

and Shan-1 members, eastern margin of Ordos Basin
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