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Abstract

The liquid-bearing response of pre-fractured shale during the shut-in period affects the under-
standing of fracturing-fluid retention and flowback; however, T,-spectrum results cannot be di-
rectly extrapolated to establish a quantitative fluid-loss model. To identify the influences of channel
configuration and fluid type on nuclear magnetic resonance (NMR) responses, shale core samples
10 cm in length and 3.8 cm in diameter were prepared in this study. Pre-fabricated single-fracture
and dual-fracture channels were set up. Deionized water or 0.3 % fracturing fluid was injected un-
der confining pressure of 10 MPa, injection pressure of 5 MPa and ambient-temperature conditions,
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followed by shut-in treatment. T,-spectra were acquired using the LIME-MRI-D2 system. The results
show that for the single-fracture sample with deionized water, the long-T, fraction was no more
than 2.90% over 12~48 h; for the single-fracture sample with fracturing fluid, the long-T, fraction
ranged from 13.80% to 14.56%. For the dual-fracture sample with deionized water, the long-T,
fraction increased from 0.07% to 15.24%. For the dual-fracture sample with fracturing fluid, the
long-T, response remained at approximately 20% during 24~36 h; the value at 48 h is an estimated
point and is used only for trend reference. The 0.3 % fracturing fluid and dual-fracture configura-
tion tend to enhance intermediate- and long-T, liquid-bearing signals. This work presents explora-
tory NMR experiments; no fluid-loss prediction model is constructed, and fracture initiation or
propagation is not discussed.
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Figure 1. Photographs of prefabricated single-fracture and double-fracture shale cores
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Figure 2. Low-field NMR high-temperature and high-pressure displacement system
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Table 1. Acquisition parameters for NMR T spectra
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REEFFHI/BL CPMG/T, it R4
LIRS 2.023 MHz
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IS 500
ERE /€A 128
90° ik T 25%
180° ik T 2 48%
90° fik h 5 & 30 ps
180° fik i %8 FE 30 ps
[ Je B fa] 20 us
£13%2 % MRI shim X/Y/Z 292/254/400
Table 2. Experimental matrix
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B AR 0.3% 3R 12, 24, 36. 48 S
C PUE-S3 EETK 12, 24, 36. 48 S
D PUE3c: 0.3% K 12, 24, 36; 48 12~36 h ASClll; 48 h AMLE S, (UMBhER

2.3. T, iR M R ARIR R SRR AR 5]
NREGREMRGME RN, ASON Ty S H IR BUE LTS 58 0 Toy To JUAT B R AN

DOI: 10.12677/jogt.2026.483048 441 M AR AR


https://doi.org/10.12677/jogt.2026.483048

Par
&

#
W
b

To XAV 73 5 LU FIA PESR BRI BN [R] 00 AR A5 5 AR 0 A R ik . S AR AS 5 R
B IR R HMERR

S =24, (1)
K, 4 AH A T EHEUTS NG IR . To SV E R X5
T =exp[13%§%%§1j )
5% j 2 T AN G TR
P, :ZA"(j)xloo% 3)

b, X4 ()N j 2K T KIAWIESIRERIHME. RSB T RS 50 R 52 (8] AR R H A,
AT LR FLAR 5 AT BRI B OIS 7Y

. LMK T 8T, <1 msy 1<T, <10 ms A7, >10 ms ¥I4r. ZRIMEHE T iR & T
Lo il B e, AR SIRIT [ X IR 23, NS A TR e fLARIL A, WA ER N EAR LI AR . 3
JEBERAFIE R . SRR CT Mg al To (bR B 45, MEBLIE T o XYa . i, ARSCHrRE
Tov 1 To A Ty 255 25046 AH R ot BRI 1] X 8] P9 IR {5 5 ok, T RS ALAR R4 2R

Hol A RO G = 2K SR . BB, PR BRSNS A) 250 To RE SR G THSE S, A VIE SR ik st
ATFI s SRR . 55, XUZEE% 0.3% B 540 48 h B/ SEI To 3 ASCACK HA/E T 12~36 h 281k
FHERAE S A TR B BRI )P 51 se 4, e R BB FRiE, AME 9 SEill g RAZ O E5 8K .
H=, AT ARG LA T AR L8R, A ETINELRL, AAMEI R S5

3. TRERENH
3.1. T, &S B AFHFHE

AN THLH) To WSS HOR TR, 58T /KN 0.3% [ ZE T 4% UTUE th AR 2 VR IS A7 7] YUl 22 57
3G MABERMA R, FFRIBRIERNREE 0.3%EF0K 48 h 55 PRAELE T/RAK T, A0 ins
AL 2.90%, FREE 0.3%EFRAK To A FEAE 13.80%~14.56%, MREERE T/KAEK T, Ao i
0.07%F+ % 15.24%, WHLEE 0.3% EZLRALTE 24 h A1 36 h 437112 20.26%F1 19.93%, 48 h fli 5 2K 20.10%.
XL AR RSB0 P LR AUEE , RO SRR R 0L To 10 N 22 53 A A, (AN 2 LA SZ AT 4h
FHER s BT R &R
Table 3. (A) T2 parameters for single-fracture cores with deionized water; (B) T2 parameters for single-fracture cores with
0.3% fracturing fluid; (C) T2 parameters for double-fracture cores with deionized water; (D) T2 parameters for double-fracture
cores with 0.3% fracturing fluid
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(A)

i) /h M9 F & To/ms Tagm/ms i To/% H To/% K To/%
12 0.085063 0.155 0.188 95.02 4.30 0.69
24 0.038848 0.345 0.411 85.73 11.37 2.90
36 0.088665 0.155 0.184 95.22 4.10 0.68
48 0.095845 0.155 0.172 9491 4.63 0.46
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Figure 3. Variations of T2 characteristic parameters with shut-in time under different experimental conditions
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