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Abstract

Shut-in operation represents a critical phase following hydraulic fracturing in shale gas wells, exert-
ing substantial influence on initial productivity and economic returns. This investigation focuses on
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24 shale gas wells targeting the Wujiaping Formation in Hongxing area, addressing the limitation that
current shut-in duration determination relies predominantly on empirical approaches lacking sys-
tematic optimization. Through integration of core spontaneous imbibition experiments, microseismic
monitoring data, and production performance analysis, an optimization equation for shut-in duration
was established based on the coupling of material balance principles and imbibition rate characteri-
zation. The proposed equation encompasses three governing stages—fracture closure, matrix fluid
infiltration, and fracturing fluid adsorption—with solutions derived through Newton-Raphson iter-
ative methodology. Results indicate that actual shut-in periods in Hongxing area average 23 days,
whereas theoretical optimal values range from 13.2 to 44.9 days with a mean of 34 days. Correlation
analysis reveals positive relationships between shut-in duration and both fracturing fluid volume (R2
= 0.42) and clay content (RZ = 0.29), while demonstrating negative correlation with porosity (R2 =
0.24). The discrepancy between theoretical and actual shut-in durations exhibits a correlation coeffi-
cient of 0.71 with initial production pressure, validating model reliability. Practical calculation charts
incorporating porosity-clay content and permeability-fluid volume relationships were developed,
providing quantitative guidance for field implementation.
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Figure 1. Statistics of soaking time of shale gas wells in Hongxing area
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Figure 2. Correlation between soaking time and gas flowback rate of shale gas wells
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Table 1. Data of core self-priming experiment in Hongxing area

= 1. A2#XE DB RS EE
P BIERN0~5md BERMAMHE O FLBEE% BWRKILEE/ % H 5 ml/h 95 [g/em?

1 1.44 1.50 0.070 0.239 0.0037 2.768
2 3.54 1.30 1.031 1.488 0.0392 2.521
3 0.02 3.42 0.709 0.983 0.0342 2.522
4 0.07 3.52 1.930 3.053 0.0757 2.530
5 0.09 4.55 2.149 3.032 0.0801 2.454
6 0.58 1522 4.179 5.274 0.7449 2.473
7 2.59 0.34 2.389 0.496 0.0160 2.809
8 1.07 0.95 3.362 0.355 0.0071 2.828
9 0.01 17.66 0.568 1.470 0.0043 2.663

O@/NZAFI=Z, g 1 Fr,  ERGE A RS E )58 Z R TR S 410.125). X EH)
R HEAT A A, T ST R S N (] R0 K 2R

@/NZ: V,,(t)=0.0268In(¢)+0.0128, R’ =0.99;

@/NE: V,,(1)=0.1129In(r)-0.0244, R*=0.97 .

SKIESE R RPN TUARIBIE DL S BCAWOREEN, FFER 20 RIGWOKTIARMA, 752
SR ] DA 3 L5 78 70 HE AT -

3.2. haHAtE AR
HFYR PR, ERBAF R EET W25, FE AR A AT,

DOI: 10.12677/jogt.2026.481018 159 Frm RIS AR


https://doi.org/10.12677/jogt.2026.481018

B 55

Va2 =V () PV, () P+ M (1) ©)
FLrp g B R -
M, (t)=SRV-V,,(t)-p, )
RNFTERIL I, 7532 R0 75 R
Vi 9, =V e + kAip L, + SRV -V, (1) (5)
SR E T

WIMHLBEIRR . ST On MR, RSPV, =1-w-h-P, LLREMIXHAUE: 45K 250 m. 4%
H27m. 4% 85m, P ATEEFMET, {E40.05, 11HE 28687 m’;

BRI A=2-1-h-P-e", HEHEMEFEAHBIEN;

HIFBER: RARHMRER, 8 OH I FERARRIEIE R 0.008~0.218 mD;

USRI SRV = Lyqpy xIxh, FH Lygp NIRRT BEFEIKEE;

EE R RIEE OSLIRER, HO@/NE R ICF

TR RE, SR AR - R R SR AR, ARSIk |, — 1] < 0.01 K.
4. FLFSHIE
4.1. HHER

EHL 4 O EA R R IR SRS B 5, R 4 DR R 2P BAE, N T2
TH PR Hie i 1] -

Table 2. Statistical table of calculation data for soaking time of shale gas wells
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Figure 3. Correlation diagram of soaking time with production pressure and million-square pressure drop
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Figure 4. The correlation between the theoretical time difference of the soaking time and the production pressure and the

million-square pressure drop
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Figure 5. Correlation analysis between soaking time and geological engineering parameters
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Figure 6. Three-dimensional relationship diagram of porosity-mud content-soaking time
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Figure 7. Permeability-fracturing fluid volume-well soaking time calculation chart
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