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Abstract: To determine the shut-in time after fracturing and improve the ultimate gas recovery of shale gas wells,
the optimization method of shut-in time in shale gas wells based on the characteristics of fracturing flowback fluid was
proposed. The deep shale in Luzhou area and the medium and deep shale in Weiyuan area were studied. First, the shut-
in time in the lab scale was obtained by spontaneous imbibition experiment. After that, fracture width and characteristic
length in the field scale were inverted by using fracturing flowback fluid salinity and flowback efficiency data. Finally,
the shut-in time in the field scale was calculated according to the dimensionless time model of spontaneous imbibition.
The results indicated that the shut-in time was not always in a positive correlation with that in the lab scale. It was
affected by factors including imbibition rate, fracturing flowback fluid salinity, flowback efficiency, etc. The result
provides a new idea for optimizing shut-in time after fracturing of shale gas wells.

Key words: shale gas well; shut-in time; fracturing flowback fluid; spontaneous imbibition; characteristic length;
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Table 1 Physical parameters of shale samples
Finc %' TR /m KB /mm E##/mm /g fLBREE, % 537 % /mD
WA Al 3986.12 23.51 25.32 28.82 6.21 0.019
WA A2 3989.18 21.38 25.19 27.46 5.45 0.012
JAB B1 2705.18 22.46 25.00 27.03 8.41 0.120
BB B2 2710.13 23.41 25.11 29.12 7.89 0.145




%51 % % 548

HRAF AT NE A BHAFAEN 9 0 AT & ©51-

SR, ORI I BE, K R AR T, Ak S kAT
H kB WAL ;

5 ) 8] B — Br isf 18] J5 B 5 FF, 852 K 50 20 3R
4), HEMRBOR G AR R T, 3% A FH B
FAAGRE, 5 AR
1.3 REEREITIR

xRS PR R TR BB W Y RO
B, IR A R B W8 T3 8RR, B0t A
BTG IE IR T, B 1 FF R . BB 1 AT RLE
Ty 1 359 Jg WU T 25, 43 590 XoF o st % B5F ] 0.1~ 10 F01
10~100 ms. Jiang Yun 25 AP0k, o ¥ i) ) 4 F

—— 0h
3.0 F —— 0.7h
—— 1.5h
29 =
1 5 0 — 60h
K= 29.0h
5 77.0 h
@: — 148.0}11
=10 —— 193.0
0.5

0
0.01 0.1 1 10 100

1000 10000
T,/ms
(a) HHE AL
3.5
— 03n
| i
=l ol
EE 20 —— 30h
PM 23.0h
= 1 50.0h
&= —— 73.0h
= 10 —— 920h
0.5
[V e S /N S N S — .
0.01 100 1000 10000
T,/ms
(c) &H: Bl

0.1~100 ms B XJ 17 500 4K £L (0.01~1 pm), 5l
IR T 100 ms B X B AL AT R AL (R T 1 pm) 6
Kk, B0t PR A K FEZRAE T AR, B
W A, A RE AL RT A2 1 T, i B IE(E A%, Ui
FFh LR AR NS K, X TR 5 3 0 oK
ik KRR A G . A4 BLFI B2 1 T, 1B AR 2
ARTRAE 3 1k B 25O PN B4 FL B 45 R R B B AR
1o BEAN, ASTRIE R 22 (Y 7, 345 R o, TS
FE A 5 R B /)N 5 BlE B (R 3G 4, 555 R BTt
ZJEHARMNAS G T SR AR, TR
FH AR

—— 0Jn
30 — 52 b
I A o
il y E — 0.
s A Bl
0 St
= 1.0 A ’
001 01 1 10 100 1000 10000
T,/ms
(b) AHHE A2
3.5
—— 0h
3.0 —05h
o 10h
=25¢) —— 20h
B 50l 20h
<§< - 3‘10(}1}1
st 37.0h
= - 500h
&= 1O} —— 720h
0.5
001 o 1000 10 000
T,/ms
(d) ‘A B2

1 AHBLRERAE T, ENKE

Fig.1

Xof L ¥ W 6 I AN 7] 5t 7% F ] (945 55 40 A7 A5
RO UAE, THERESTHER FHE SRS, R
kAR LK EE KT (LE2), Bl
Ja, APERR T, EEAAE 0.1~100.0 ms, (5 It
1k 98.5% LU b b, BB 3 2 HeARE RGBT R A A
FEAR —F, T, /3 A AE 0.1~ 1.0 ms 15 HLAE 65% 72
i, BB ST AR 2 HUA R, BEB IR A Bk 8
IARTEA K AL T . ¥ A JF 2 LA REB R 5 A
[ FA5 5 A AR IE R, AR AL T A K 24
AAEY K P FL (T, A LE 1.0~10.0 ms [ &7 L2y
70%), A BE A2 WA R 7K 3 A A 7 49K S FL R 4)

Results of T, spectrum for rock samples spontaneous imbibition

K fL (T, 435014 0.1~1.0 1 1.0~10.0 ms, 5 4>
S 48.3% F143.1%) .

T 50 2o AR v A IR K AR R AR R R 3 0 )
B R ILR T, 0 T A COR [ 20 e
B T 3% RS T m R T i AL 2E ) Ko § R
Wi Hsf [ SF- 7 AR 1 AR A g SR ] 3 BT

ME 3 AT LLE H, BRAATS T, 1% 1w AL A8 ik
IR, B 2 MDA 22 R BN, B
WA 3, AR I W K AR B s ]S O AR R OE G
&, 5 L. L. Handy % A" WOBFSE 25 5 — 5, 25,
2k BA S A RE AL, A2, B1 A B2 [ & B R



© 52 % i 4 " Fid R 202349 A
100 - 100 -
EOh = Oh
B 193h B 193h
80 | 69.63 80
=® =
s 60 o 60F 48.7
£ 40} &
5 R
20
0 0.38

0.1~1 1~10 10~100 =100
T,/ms
(a) A Al
100 -
EEO0h
30 | I 92 h

68.05

1~10
T,/ms

(¢) HFEBI1

10~100  >100

0~0.1 0.1~1 1~10  10~100 >100
T,/ms
(b) A A2
100
3 0h
80 L I 72 h

65.85

2 TREIEEEN EES 5 HmE

Fig.2 Signal distribution frequency corresponding to different relaxation time

—— BIRARFI R R = T, JE AR MR
—o— L PR R MR oo BRI G
o BTG IIA I
0.04 - 125 T 1400 &
. NN
o . N
<003} 0% 1300 2
=4 — =
e e 2 B zem | ~ ~
= 18 L &
0021 ¥=0.007 4x E120E
& 1ox| ¥
£ ool 7=0.918 Ox 5 |00
= 0.01F R=0.9942 |5 1 =
) > 5
E
S S 0 Jo w
0 2 4 6 8 10 12 14 16
i/
(a) #FE AL
—— BRI R R —— T, BT AR AT
—o— LR R - BRI G i 2
o BTYBOHR A 2
0.04 125 = 1400
. L5l 3
o . .
<003 0% 1300 2
K ~ N/
= ~ ~
= —s 115 L I
kaﬂ 0.02 E 1200 E
Ee( y:0.831 1x 110 'H'R-’t H‘%
= R=0.991 0 ) )
= 0.01 i |5 8 {100 &
2 i 1=
= Hz
. . ) Jo w
0 4 6 8 10
i/hos
(c) #HEB1
3 FARIEHBGERATR. T,

0~0.1  0.1~1  1~10  10~100 >100
T,/ms
(d) HF: B2
- BIRABRIAT TG m BRI
—o— L GAROCRR s BRI L
o B TGRS 2R
0.04 130 = 1400
=) 125 ,_E,
Q «n
= 0.03f —— 2 1300
= 120 2
& ¥=0.010 6x g i
02F = 15 =42
X 00 R=0.9921 _~"y=1.57% > 2%
o3 R=09962 |9 &
001 #1100
2 15 o%
) i
- s Jo  Jo
0 2 4 6 8 10 12 14 16
i/
(b) HFE A2
—— BURABSRIAT  —— T BRI
—o= HL RO s BRI
o BT YTHGER LA R
0.04 125 7 4400
£ .-
o 4
=003t 0% 1300
& -
= 1=0.011 3x =638 8x 115
002 F R2=0.992 7 R*=0.964 8 g 1200
& e {10
Eon i X
X 0.01 15 #1100
el 0 Jo
0 2 10

(d) #HB2

B R KRB S REEA B 3L

T, WA KA AT (au.cm™?)

T, BRI (au.om?)

Fig.3 Changes of imbibition volume, T, spectrum area and conductivity with time of different rock samples



H5145 %58

BAAF. AT R B A B HAFAE 09 N 0T R AL F = ©53 .

56 v 53 AR R B IR 43500 Oy 22, 29, 3 Fl 4 h), R
S I AT, AR C 0 A T S AR RFAE, 3
5 Ty MRS R — B0 A 30 5 i E] 7 O AR R R 2
EHOR R, HAEEA B UGS R R R G

2 W R IR B SR

GUS SRR “ Pl -3 7 kR At 4
A PR R R R 248 P SR F S E R . A
IR AR AT e A S RO, W DL R R E T
RBE AR BE R A I . DA Yang Liu 25 NP7
R Al M TG B ) SR HEROC R, S5 A AL
Zolfaghari 25 A\ AL 845 B 244 51, SRt
W RO B
2.1 EipHER

KR Yang Liu 25 A7 3 1 i 5 T 204 =
Y5 W 3R 1 3R HE 25 TI0IABE Y, h R KA A FH e 2
Ja CATHEY A2 AL S A A R A B ST R (I
Kl 4), HFEA A HaErh A SCHE R

R AR o < B, T A M2 R 2R (R R
TR HEE R (2B AR ), 85k 244
T m A Bl

Vinj

m= ————— (D)
(a+nd)?-a3

A m R R R 0 ST R Vi AR
FE 2 IR A, m’s a R B K B, my d S
FVURL I ELA%, my n S 4% h 7 B R B S E2 4

W A A7 5 TR e R 28 5 A 2 R0 1 1
Bk

Vi m]@> = (@=22° ¢S we =S wi)

O Vi N S A 58 T B 249 R x Ak

B W, m; Ly W WK BEFR B ; Syp M IREA

TRMIRIEE 5 Syi ARG S /KIEFEE s ¢ AHFLBRE
Yang Liu 2 A7 2534 S, 15 B H0R HERITHE

YN
———\3
R l_vimb _1_ 1_(1_ 4\/§tD) ¢(S -S )
T Vi (1 +ndja)y —1 W
(4)
K o K o
Hrp tpz[t\/j ] =(t\/j ] (5)
¢'UWL%J lab ¢”WL% field
Lc= Yo (6)

3 A;
=1 Ly,

K R NEZLBORHER s 1p I TERR I ] Lo
FRAF A, 53 B He R Al B 41 265 vy s
O FEFTRB, em’s 4, 9 j 77 1) 1 35 W fule T 144 T AL,
em’; La; b j 77 1) 135 W BTG5 0 T I T8 5 P 0 S
HIPEES, cm; K 8%, mD; i, AEEE, mPars,

M5 (6), THEAM 23 K B 5 R B
BTN

a=2Lc D)

=0 (3)—(7) Al A, TR e A & B WO 45 R
SR BTG PR st ], ] AR B 37 3 HE RO R 5 R HE
R, I, R 2488 T8, B AT R AR R

M4 A. Zolfaghari 257 $i 1 i 22 SRR 19 2% 24
BRI REE TR . oE SOECH B BCR K, B
ELAT A 1) [R5 WA O A a4, 3k 3 il R 38 T
A WA R AR 02 B O b T B 244k, 2 PR
F Ak B K F 24 - AL & . A Fick §71L
SE AR e Hh B H 3 0 B 245 1 U sl R
Cn—Cs,

A g, NER i SR REER B TP G &, mol/s; Ag; N

(8

Vinj m[(a+nd)3—a3]
1-(1-Lp)?
(1+nd/a)3—1¢( 1= Swi)
Hor Lp =2x/a (3)
ST
- - -2 F--ZZ7 -
4

(a) ZEMFTY

I -y

(b) He b S35 i

B4 RE-BEFREE

Fig.4 Illustration for fracture-matrix



© 54 . % b3 4k e # R 2023 49 A
X?UQ 2' > I H}F-ET}T_‘E/—*H o %’*Vl"ft/_‘”

T ORISR i 2k 4 4% 2 18] /Y LT AL, m*; €, Ry TR s e
V\]i'*EI’JF'%E{ZU“ mg/L; Cy, N5 i 5 EE N 1Y T 1600 30 20000 460
HIRIE, mg/L; Ly, AN T 2458 5 5L b 5 — S ) iR 5 .

, E1200] ! 000
B R MR TRV BB S I AE, ms D RTHR 2|2, ; PE o
¥, m’/s, i@ 800 i@ i 10000§ ﬁ
55 1 48 71 B TR i N = |5
Bk 400 [ B 5000
Cei(Wr)) = 2DCn AL D ' WU
Woalm e TRPTI Ess{)%\fllo(g) -
Aorr: Ar Oy AT 5 MR Rl Y D, s W, Zy AR/
% g} Qéj:zg m. (a) {)EAJ'I“
ST Y RFA5 )7 72, A. Zolfaghari %5 A% #f & — BETAURE — B
45020 58 1 53 A R O ) R O veoo o TR IR 0000 6
E1200}F ' 15000 &
C2L, dN, 2 S0t o WAETHER Y B i 140 o
_ £~m Pw ~ j c\,
F V) = S Denar dcy 10 C ool | | 0000 £ | ¥
£ e ' = :&:
0 = E20} B {20 ™
Hrp Np,wzv—w (1D Bk 400 [ ! 5000
f,i !
AU A
e fAW,) 9 R4 DL 53 A, mm; N, I — B H) 0F 0T 30 40 S0 o 70 0
RHER Ve, WA i ARSI, m'; 0, IR HER B AR/
(b) gk B JF
itk ﬁFi,mo

PR 07 FH b, R P A R R R AR A PR R Els5 RS54 %

ﬁﬁy&,u‘ﬁf{tr‘ﬁ(ﬁﬁ%ﬂ P E R BRI R HER Fig.5 Flowback and production curve
RAVE, Ly B 10 45 w2, 0 — AL R R AR 4R R 2
{&E/\Mgf/\*ﬂk'ﬁkﬁl‘l&%E‘J}_‘yu{’ﬁl'ﬁgf Bﬁ%o 25000 - e o AET
22 BERERTELA o BT v BET
‘ ‘ ~ . 20000 g2k R
Gt oA A A B IR U KR CI. T e 10 263
5 &0 - vyvy¥Y n(x

5 FE G IERRVERE, 45 SR AN 5 R b, 95 A JF E :
SERUE S 22 B, EAUKOFBeK 1436 m, RITHEA M k] EUUURVPIPTTCL
J2£ P S0 42 323 m’, LSRR HESR 9.95%; i B 56, = sooop memreTort T
18 B, IEZKFE K 1655 m, B AMZEE Mddmadada dddas 4 4 4 4 4
03 ey o 0 10 20 30‘ 40 50 60
4% 45 440 m’, WAHTIRHER 1.49%, SR

Gt 3T FE 2L 935 HE O £ BE 0 HE T 7 (@ Ak

HAY, G E 6 R . KL 6 AT LA, BEE B[] 40000 o grgF . WET

3 N R s N v B
RS R HEVR A L FESE WIS, 30T, B T B B A
HEETREEENTERE, HiE 75 i 2 vym ™ v T 74 3868In()+13 556
A KR £ G (C) IR (L 35 51 £ Swoop s e e
SE B B R R, BB S IR HE R (] 6(b) ) ik 5 §1oooo. I
100 d 24y, B AL B3R AN S, Cp B 35 000 mg/L; -
A FF SR HEW T AL R i R R 60 d, RIBE, AT TR Te ey
5 B AT xF b, BA Bk £, 5 SR A5 ffrg'ﬂjﬁ

. A
113 HE I 160 100 d 7 19 S8 5 AL BE L 5510 €, ?
20 000 mg/L, Ee6 RHLGHN HEHE
RETFFENEABE TS T, VRN Fig.6 Fracturing flowback fluid salinity



%514 %54 BRAE AT R A B HAF ARG 19 3 0 R AR T R ¢ 55
%ﬁ S (3), WA R TR B o (B S5 SRE R R ) 4

1.484x10 "m’/s, #HEF Y5 A J5 HE
IR R B W (Cy,y) 5 348 v

EW
" 2% 1.484 %107 x 20 000 x 32 400
(P A —
Cri(ATF) Wr.ix0.10
_19.23 (12)
We i
. 2% 1.484 %1072 x 35 000 x 32 400
, B —
Cri(BBIF) Wi x0.10
_ 33.66 (13)
We,i
M P 1R HE B AL B R AR Ak, 1A E)

W X5 LB SO W) 5 B 53 00T 25 A 36 5T e J3E o o7 4
v 0 B AR fCWe) SR, 15 30032 4 58 Y 1Rl PN Y 28 4%
PRAR P i 7 A 15 00 o J e, T LAAS 3030 A
B AN [ 48 58 (1 R EE R R B A 4528 (WL 7)

030 -
025 F
%

= L
4’3020

%—20.15 -
@ 0.10

w 0.05

O 1 1 1 Il
1.0 1.5 2.0 2.5 3.0
BT /mm
(a) ¥ AT

HBERF IR
(=]

1.0 1.5 2.0 2.5 3.0
P4 55 /mm

(b) H.BH
7 TRIEENHREXRIRSH

Fig.7 Distribution of fracture volume with different widths

R 4l AN [7) 24 4% 58 B2 1Y) R B8 IR B B SR 2R
(DLIE 7), AT gk B A= $h i 0, 1A
2 Vi EMGAE 1.0~2.0 mm, 195 A H- 2088 58
FEAAE 2.0~2.5 mm, I H, ¥ A HAE B I
A2 58 43 58 1.73 mm A1 1.30 mm, B35 A S
FER B 1) 25 R0 2 1) 52 56 25 RBE fe) 1) 1] L 33
R HE AR S5 2R K 5% 58 o A i A A R S HR AL

For A (UL 8) o S5 RERWL, U7 A JF A 5L B H AL
ERKREE R 0.20 m, ARIEEC(6), 75 B XN Y RHIE
JE Lo 0 0.10 m; Jg B I 19 56 5 B in BT 25 K 5 8
0.32 m, F#AEK B L 7 0.16 m,

0.30 -

=
)
W

LBEABUMITI
° o °
s & 8

o

=y

vy
T

0 . . . . . )
0.1900 0.1902 0.1904 0.1906 0.1908 0.1910 0.1912

FEK B /m
(a) ¥ AT
0.30 -
w 0251
& 020+
/313
H&e 0.15 -
%é‘l 0.10
0.05 -
0 1 1 1 1 I
0.307 5 0.308 0 0.308 5 0.309 0 0.309 5 0.3100
FEFTK A /m
(b) BB It
8 EFRRKEDH
Fig.8 Distribution of matrix length
S0 N
3 SHTE
PR R BN ALY (30(3) ) R LAl 454 A &

B 25 A | IR RO T E I a2 AR DA B 4%
BE RO EE R, N T S ROBE ) B ] S A
TR BRINT -

1) JF R B &3 W ke, i e A0 R
Fsf [A] 5

2) B ALBRRE BB A Rk Iy AE O R
JET E) S EAR A (3), T TC R B[]

3)|3E*E;2EITI‘E7W$#?JT" PER V(ST FSRIE i AN
B AL R RS AR R

MR C10), T BEEE L I3 A1 5

5) KA BR 2)—4) VA B B9 T8 P UCEE] R

%’fllf%\ e 90 FSHANAKX(3), T R
BT AC B

JE 13

Rl



* 56 v Dt &b

" # A 2023 %9 A

6) MR 4E X (6) THA D 7 RERFIE K B, FRAEA
K (SBT3 R ol H- 1 ]

4G AR IR, B T A AR AL SR
25 RBE [ Il S IR] S 22 h, FRAEK EE R 0.10 m, 3t
BTN A S ROE R 2 12.5 d; 8 B 3
A B Y S5 2 RUBE Rl 15 (]2 3.0 h, FRAEC BE
7 0.16 m, TS E)E B H-4 S R RIFR R 16.7d.

A2 (4) AT, 3 RUBE fol i) ] 5 50 RUBE
o S B[RRI AE A B2 07 B 2 E b, BT AR T
R RTE, XFEM 5 RO 1R i () 3153 25 SR oL °F-
G, N B FH Kk s o As 244 N 4%
TR, N T RAEE B K 1 245 M4 1) 2 24 1%
B, K A. Zolfaghari i NP AR I R S T
BOFE Ik, G W -8 79 iam a5 2 (W
K1 3), THEAEYT A HE B - 244 F A 3
59 744.6 m” 1 125 960.1 m”, 4545 8] 7 2445 55 i 144
g CED Y A SRR B I I BT 34 5% 58 4 R
1.73 mm A1 1.30 mm), A A, B B =4k & 500 5, /K
1M T A, R BN MR BUE . Wk,
TR I IR X 7 ) 2 0 ) 4% B 28 4, 5K I B OG [R] 11 (]
FEEE /N, SEMIE SR 4% . X FE S 18 U B I RAE
K, IF B A0 RE RIER A, &S50
JUBE R It f) o, PRk, 837 IRUBE o] e st i) AS 2
B PEX R, WA BRHE Y L | R
HE % W T R A5 R, i — 2B B oY P TEAL
B2 D Y 770 NU3 - X B A R D 1 = Wy 7 v R a7 =
T HUREE B 5 KGR HERT 1k 5 R G A A
JZ, IF H 55 B X 8 43 1 © B 3% HE B RL; i X
TR XS, ZHEIAEH, &5 FIE
CPRW-EER FITE L ) I R R e S S £ R IR
SRR R LA 2, AR S T M 2 —

4 i 5aN

1) T SO e e ) 2 48 w8 SR iR 10 284
ARFB, ARBWRMMWE RN EZ Tz —, IF
B A &B WK, A B TIRA B R 3 KE ) - i
P IR 2GR R A R o Y TR)Z B S R e
FRIE TR AL A RB R AT R R, Bk
P, 0 WK R 5 I TRLF D7 AR GE AR 5C, IR R A
FFEE B BOor I I T /D SAy 250 RUBE Fel S ki)

2) BUA SRR PR AR IR HESh A
LN R BURREE M S T EEIFEE . R
it B 7032 HEW P BT A B FR HE R AT L T )5 M TR

JZE TR SO FIBGE H R TR 00 S e s R4 S8 )
A RFAE, S5 5R3R ], R sUA OB HER A B 1
JE R, K ) REBETE A, 4% K T FRUR R 4% (A ]
K, KIS B AR, SRS TS 2%

3) kT TG R U I 0] 452 AU B A 3 RLEE el 3 I
[ — > ML 52 07 18], (B8 5 ROBE AR I B9 8
WA R XE A5 o B3 RUBE Pef ] 5 25 R e -
A —E R IEMKKR, HERZBWHER | &
HEWA A B2 R R HE A5 P 2R 52 0, 5 455 2 SRR ) T
Ao Y e SRR S R R SR [l i ML,
e Yy RO R A 7 i

5 % X W
References

[1] US Energy Information Administration (EIA). Unconventional dry
natural gas production [EB/OL]. [2022-12-30].https://www.eia.gov/
naturalgas/data.phpproduction.

(2] XU, SRR, TREUE, 45, P ETUA R TTR : BT . 9¢
PRZ SR (1] KRR T, 2023, 43(4): 177-183.

LIU Hongyuan, PU Xiaoyi, ZHANG Lichui, et al. Beneficial devel-
opment of shale gas in China: Theoretical logic, practical logic and
prospect[J]. Natural Gas Industry, 2023, 43(4): 177-183.

[3] @2, FHRF, BB, 5. 2022 45 [ KRS % R IR BE )
2023 4EJEE [J]. RERSBIAR G4, 2023, 17(1): 1-10.

GAO Yun, WANG Yiping, HU Yidan, et al. China’s natural gas de-
velopment: 2022 review and 2023 outlook[J]. Natural Gas Techno-
logy and Economy, 2023, 17(1): 1-10.

(4] BRa&m, B8, W, 45, SO 2K Tt - R RS
WS [J]. AR AR, 2022, 50(2): 30-37.

CHEN Zhiming, ZHAO Pengfei, CAO Nai, et al. Fracturing para-
meters optimization of horizontal wells in shale reservoirs during

“well fracturing-soaking-producing” [J]. Petroleum Drilling Tech-
niques, 2022, 50(2): 30-37.

[5] w2, I, B, ENSME B R 2EOR IR Bk I # [7].
AR A, 2022, 50(3): 1-9.

JIANG Tingxue, ZHOU Jun, LIAO Lulu. Development status and
future trends of intelligent fracturing technologies[J]. Petroleum
Drilling Techniques, 2022, 50(3): 1-9.

[6] ik, TEM, ¥EE, & )IMERE TS UKCT R BE R 4
HAR [0]. AMEHREEAR, 2020, 48(5): 77-84.

ZENG Bo, WANG Xinghao, HUANG Haoyong, et al. Key techno-
logy of volumetric fracturing in deep shale gas horizontal wells in sou-
thern Sichuan[J]. Petroleum Drilling Techniques, 2020, 48(5): 77-84.

[7] ®EETY, TR, B, % U SIRRH A L S 5k
1k [7]. AR T2, 2018, 40(2): 253-260.

HAN Huifen, WANG Liang, HE Qiuyun, et al. Flowback laws and
control parameter optimization of shale gas wells[J]. Oil Drilling &
Production Technology, 2018, 40(2): 253-260.

[8] GHANBARIE, ABBASI M A, DEHGHANPOUR H, et al. Flow-

back volumetric and chemical analysis for evaluating load recovery

and its impact on early-time production[R]. SPE 167165, 2013.


https://www.eia.gov/naturalgas/data.phpproduction
https://www.eia.gov/naturalgas/data.phpproduction

%51 % % 548

N
%

T A ol e W R L RS B S e

o 57 o

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

OB, EULIEL, fE 0, S5 BUR SUR)Z BB WS 2 R S KB
filt BR¥E 1 [0, Hh R BB Ty KO0, 2017, 47(11)
114609.

SHEN Yinghao, GE Hongkui, SU Shuai, et al. Imbibition character-
istic of shale gas formation and water-block removal capability[J].
SCIENTIA SINICA: Physica, Mechanica & Astronomica, 2017,
47(11): 114609.

GHANBARI E, DEHGHANPOUR H. The fate of fracturing water:
a field and simulation study[J]. Fuel, 2016, 163: 282-294.

WIJAYA N, SHENG 7 J. Effect of desiccation on shut-in benefits in
removing water blockage in tight water-wet cores[J]. Fuel, 2019,
244:314-323.

I, B, AR, A N TG 2R B 1 s AL IGR HEFRAE
TR (1. AR T2, 2017, 39(1): 20-24.

CAI Bo, BI Guogiang, HE Chunming, et al. A characterization
method on complexity degree of artificial fractures based on fractur-
ing fluid flowback and its application[J]. Oil Drilling & Production
Technology, 2017, 39(1): 20-24.

CARPENTER C. Impact of liquid loading in hydraulic fractures on
well productivity[J]. Journal of Petroleum Technology, 2013,
65(11): 162-165.

BERTONCELLO A, WALLACE J, BLYTON C, et al. Imbibition
and water blockage in unconventional reservoirs: Well-manage-
ment implications during flowback and early production[J]. SPE
Reservoir Evaluation and Engineering, 2014, 17(4): 497-506.
YAICH E, WILLIAMS S, BOWSER A, et al. A case study: The im-
pact of soaking on well performance in the Marcellus[R]. URTEC-
2154766-MS, 2015.

LAN Qing, GHANBARI E, DEHGHANPOUR H, et al. Water loss
versus soaking time: Spontaneous imbibition in tight rocks[J]. En-
ergy Technology, 2014, 2(12): 1033-1039.

MA Shouxiang, MORROW N R, ZHANG Xiaoyun. Generalized
scaling of spontaneous imbibition data for strongly water-wet sys-
tems[J]. Journal of Petroleum Science and Engineering, 1997,
18(3/4): 165-178.

MAKHANOV K, HABIBI A, DEHGHANPOUR H, et al. Liquid
uptake of gas shales: a workflow to estimate water loss during shut-
in periods after fracturing operations[J]. Journal of Unconventional
Oil and Gas Resources, 2014, 7: 22-32.

HANDY L L. Determination of effective capillary pressures for por-
ous media from imbibition data[J]. Transactions of the AIME, 1960,
219(1): 75-80.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

ROYCHAUDHURI B, TSOTSIS T T, JESSEN K. An experimental
investigation of spontaneous imbibition in gas shales[J]. Journal of
Petroleum Science and Engineering, 2013, 111: 87-97.

SRHAL, A, AR, S D0 A e ER A U T R IR HER
Lo Resgma K= 400 [1]. ArilAksa i, 2019, 4(3):273-287.
GUO Jiancheng, LIN Botao, XIANG Jianhua, et al. Study of factors
affecting the flowback ratio and productive capacity of Longmaxi
Formation shale in the Sichuan Basin after fracturing[J]. Petroleum
Science Bulletin, 2019, 4(3): 273-287.

WIJAYA N, SHENG J J. Comparative study of well soaking timing
(pre vs. post flowback) for water blockage removal from matrix-
fracture interface[J]. Petroleum, 2020, 6(3): 286-292.

HU Jinghong, ZHAO Haopeng, DU Xianfei, et al. An analytical
model for shut-in time optimization after hydraulic fracturing in
shale oil reservoirs with imbibition experiments[J]. Journal of Petro-
leum Science and Engineering, 2022, 210: 110055.

N, NG IR, 45 TR HE B 25 Bl i IUE SOF
EUR S35k [I]. AR, 2023, 10(3): 74-79.

BU Tao, YAN Xiaoyong, WU Zijian, et al. Quick evaluation meth-
od of EUR for shale gas wells based on dynamic data of flowback
period[J]. Unconventional Oil & Gas, 2023, 10(3): 74-79.

Wi, 2250y, A2, 5. BURAUR R R R HERAE X X [T].
FhIEA IR 2R (A RBHERRD, 2019, 43(4): 98-105.

YANG Hai, LI Junlong, SHI Xiaozhi, et al. Characteristics and sig-
nificance of flow-back processes after fracturing in shale-gas reser-
voirs[J]. Journal of China University of Petroleum (Edition of Nat-
ural Science), 2019, 43(4): 98-105.

ZOLFAGHARI A, DEHGHANPOUR H, GHANBARI E, et al.
Fracture characterization using flowback salt-concentration transi-
ent[J]. SPE Journal, 2016, 21(1): 233-244.

YANG Liu, WANG Shuo, CAI Jianchao, et al. Main controlling
factors of fracturing fluid imbibition in shale fracture network[J].
Capillarity, 2018, 1(1): 1-10.

JIANG Yun, SHI Yang, XU Guogqing, et al. Experimental study on
spontaneous imbibition under confining pressure in tight sandstone
cores based on low-field nuclear magnetic resonance measure-
ments[J]. Energy & Fuels, 2018, 32(3): 3152-3162.

ZOLFAGHARI A, TANG Yingzhe, HE Jia, et al. Fracture network
characterization by analyzing flowback salts: Scale-up of experi-

mental data[R]. SPE 185078, 2017.

[ %4 &S]


http://dx.doi.org/10.1016/j.fuel.2015.09.040
http://dx.doi.org/10.1016/j.fuel.2019.01.180
http://dx.doi.org/10.2118/1113-0162-JPT
http://dx.doi.org/10.2118/167698-PA
http://dx.doi.org/10.2118/167698-PA
http://dx.doi.org/10.1002/ente.201402039
http://dx.doi.org/10.1002/ente.201402039
http://dx.doi.org/10.1016/j.juogr.2014.04.001
http://dx.doi.org/10.1016/j.juogr.2014.04.001
http://dx.doi.org/10.2118/1361-G
http://dx.doi.org/10.1016/j.petrol.2013.10.002
http://dx.doi.org/10.1016/j.petrol.2013.10.002
http://dx.doi.org/10.1016/j.petlm.2019.11.001
http://dx.doi.org/10.1016/j.petrol.2021.110055
http://dx.doi.org/10.1016/j.petrol.2021.110055
http://dx.doi.org/10.1016/j.petrol.2021.110055
http://dx.doi.org/10.2118/168598-PA
http://dx.doi.org/10.26804/capi.2018.01.01

	1 自发渗吸试验
	1.1 试验准备
	1.2 试验方法
	1.3 试验结果与讨论

	2 矿场尺度特征长度求解
	2.1 理论模型
	2.2 理论模型计算实例

	3 实例计算
	4 结论与建议
	参考文献

