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Abstract

The relative permeability curve is the basis for studying the laws of gas water two-phase flow, and

NESH: TR, EEE, EHIK A, B, kEH. T EERR A S EHE N TUE S HR-/KFEE I
y#[J]. B 1L T, 2025, 13(2): 376-385. DOI: 10.12677/me.2025.132042


https://www.hanspub.org/journal/me
https://doi.org/10.12677/me.2025.132042
https://doi.org/10.12677/me.2025.132042
https://www.hanspub.org/

T F

plays an important role in dynamic analysis of gas fields, numerical simulation of gas reservoirs,
and prediction of future water and gas production trends. It has a wide range of applications; in
order to efficiently extract shale gas, it is necessary to carry out fracturing transformation on the
reservoir, form a complex fracture network, and improve the permeability of the reservoir near the
wellbore. Due to the inability to accurately simulate the impact of fracturing on reservoirs in cur-
rent indoor simulation experiments, the accuracy of studying the gas water phase permeability law
during the fracturing fluid backflow process is insufficient. This article derives a new method for
calculating water saturation through theoretical formulas, and improves the method of obtaining
average water saturation based on fractal models, thus establishing a gas water permeability model
for shale gas wells after pressure. According to the least squares method, the relative permeability
curve of well W1 in a certain block of the Sichuan Basin was inverted. Research has shown that the
permeability curve based on dynamic data inversion has Rz = 0.9785 and RMSE = 0.1239. Good fit-
ting effect and high accuracy. It can be well applied in numerical simulation of gas reservoirs.
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Figure 1. Inversion process diagram
E 1 RERIEE
2. ROEEBEEN
2.1 EHFKEFMELANHES
i 2 A LR [F I AR 2 MR AR (S KN, A LR 22 R AR A, JE— AR BT A4 AR
B BRI AR AL [9]. X TIRRUG IR, T3 & /K MR B2 F8 i 2 6 A LI =2 8] o 25 7K AR AR
A A FUBR AR LA, BPJRJ0 A3 KB AN S 5 2 4% R 40 & /K LRT BE 2 Al
A AT ABEFE[10], AP IERBORAREEE , £5 & Arps P B o e b i ALE R, AT

q.
t)=—o 11
a(t) 1+ Dt A

A
O NIEREVIGEIRHER; D, NIBRGER; t ARE]; g ARHEE;
RS R L R, R P R A AT R e, TR R AL B AR AR S R AR AR AL SE T R
PR, T HEA LA
(> G
T £ 1.2
V, =V, -W, %13

At
V, HAERTE KGR, mes v, AIRZE AR, m
W, iR, me.
T R LR A A A, B R N 2 AR R B K . BT DT S I P 4
R 028 TN R N AR, 7 /K A L L5 R LI A 5 2 P A2 MR 2 S BRI AR.

DOI: 10.12677/me.2025.132042 378 ol TAE


https://doi.org/10.12677/me.2025.132042

T F

R

S, AR PRI E KWV, SRR, m3.

22. 5 - KEEERLELAR

A 14

SO RIER, AR AR POKE S BRI B PR B Z M AL SO ORI
IKER, TEERNA, SOF BT SRR RE R . IWHMUR M P EKER, B ERE AR R

B, Bk (a1l

e
f, NEKE, 1
a, WHFKE, md;
q, WAPAE, 100 md,

A 15

1941 4, Leverett #R¥ET. KIZENTHE[12] [13], HESH T B0, HEHERREA:

k
1+’g(ap— gAp-sin aj

v, - OX
f = tHy " 1.6
14 £ Zro.
Hq Ky
A
m%%mmﬁéﬁ$,L
k,, AKAHF X EZ, 1;
Vt ﬁ/é\i}ﬁﬁ’ Cm3/S;
g NEJIINEE, cmd/s;
g—iﬁ%g BB . Palom
Ap NEEZE,; glem®;
a NHZEWIA, C.
EANFERENAMEE BT, Z7E LR R A:
f, = 1k K17
14 4w Zro.
Hy Ky
FxC 1.5 FsX 1.7 Bear, BIATHES S ARSI L E A 5
k B .
i:qw g(p) lug(p) ﬁl.S
I(rw quw(p)ruw(p)
DOI: 10.12677/me.2025.132042 379 ol TAE


https://doi.org/10.12677/me.2025.132042

T 2

;_%

2.3. EERIESL

B ERREEARZ, Sh RESR. KPIH, SEIEEK, RAREST N ERE, SRR ASE
YEF T34, ZmS IR A EZE; I8 IRBES) A EHE T 5 P ARSI LU A 5 1 28 /K A B
NSV

2000 &, fAIRARIE U2, S B I TR AR, SEmaEE s 7 nf DU I T SAR BB R
HI TR [14] .

Koy = (7o) 30 X 1.9
Ky = (170 )” (1—(%t )igj A 1.10

KH: 7, NITHEMILE.
A SCHAEHE S 1T 25 K A B i A A B A, 2 1.4, 0 1.80 R 1.9, R 1.10 Bz
SR JER - AKABHARL, AL,

2 5-D
Vin _WP — Sy Vin _WP — Sy 37D
1— Va _Vz 1— Va _Vz
1_swi 1_Swi
B .
113D = n g(p) ,Ug(p) 111
Vi, _Wp 3D quW(p)'fuw(p)
Va _VZ — Sy
1-s

X
D N 4EE, REIEM I ENANG; s, AREKBAEL .

24. WESFNAZE

24.1. BEFHE

B /N 3% (Least Squares Method) & — R =LA AR, B I8 B /MR Z2 107 5 R G- HR A8 1) B
FERRELVT AL [15]-[18] 0 FRe/ —Feik (1 B A i B R e 43— /MR (B R 20), A A ASE TR A BT I $tis b i)
TR 5 55 b WA 2 [5] P 22 S5 GOl o5 Bk Dk 22 B 22 ) ISP 7 Fl B /N o IXAS 22 57 il LA O — MR bR
B, BN AeVE R H bR BME AN R B ZIRIE G I R WA 2 BR .

2.4.2. &

IOUERS RN AR e, A A TS — 3Ry, BEIIELARRREE, TR A8 U7 iR 2 (RMSE)
My ZH(RY.

1) ¥IHTRRZE(RMSE)

P77 R 72 2 TR 5 S S AE A 22 107 5 S5 00k B no BB 1 P 5 AR [19] o 8 1) A2 TR 5 B S
EZE w2, F B i 5w B UK. HARR:

n (yi' - yi )2
i=1 n

RMSE =4/>" A 112

DOI: 10.12677/me.2025.132042 380 ol TAE


https://doi.org/10.12677/me.2025.132042

T F

Ko,
y, —— My, —— I n—— BB

Bikl&Tr 2

!

B E B

!

REWIHSH

!

THEUHERT LA RE

!

HHERERE

!

b= PN

i BAES M

2) REZRH(RY)
YUE RE(RY)Z — R G Fabm, T PP Al (B R0 I AE UL S R RE . ERoR il S R e
i AR DL it U 22 B LI [20], BUEVEREIAE 0 21 1 2 (8] Hat5 A 08:

Figure 2. Process diagram of least squares fitting
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Figure 3. Backflow data
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Figure 4. Production decline chart
4. FrEEE

A PSERRAE AR H =R Bk BES, B4 AL E 2R EZ N S5 aHE
AR AFEKEE, Nk 1R

DOI: 10.12677/me.2025.132042 382 i AR


https://doi.org/10.12677/me.2025.132042

T F

Table 1. Production data for different periods
3= 1. T EIFTHIR A =8

I [A] H7#A(x10% m3) 777K (m?)
30 78.00 337.27
60 112.02 254.79
90 116.53 220.86
120 116.44 213.58
150 117.65 156.77
180 38.40 140.33
210 117.29 106.00
240 114.76 103.55
270 113.18 78.39
300 113.97 57.00
330 111.82 48.75
360 118.83 45.00
390 49.46 37.50

R 1.8, MBS AR HAEHZE 78 21 Mpa A2 E R 90°C I KAR S B K AR R 50/
FERE, THEAS R 390 KIS (8] A PIARIS AL L8, 0k 2 s, ARIER IR A 1, PUHZR
AR IR KON 1.67, d/NR 0.15;5 AR, PIARTE L EGAELIE TR 3] P38 I i i) o

Table 2. Two phase seepage ratio in different periods
3 2. TERIFEAREE R E

P[] HFE5,(x10% md) AraK(md) krw/krg
30 78.00 337.27 1.67
60 112.02 254.79 0.88
90 116.53 220.86 141
120 116.44 213.58 0.71
150 117.65 156.77 0.51
180 38.40 140.33 0.63
210 117.29 106.00 0.35
240 114.76 103.55 0.35
270 113.18 78.39 0.27
300 113.97 57.00 0.19
330 111.82 48.75 0.17
360 118.83 45.00 0.15
390 49.46 37.50 0.24
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Table 3. Average water saturation corresponding to two phase seepage ratios at different stages

& 3. TERTHARES R EX R &7k i fiE

R[] A=A (x10* md) H7=Kk(m?) krw/krg Sw
30 78.00 337.27 1.67 0.697
60 112.02 254.79 0.88 0.669
90 116.53 220.86 141 0.663
120 116.44 213.58 0.71 0.656
150 117.65 156.77 0.51 0.651
180 38.40 140.33 0.63 0.637
210 117.29 106.00 0.35 0.644
240 114.76 103.55 0.35 0.611
270 113.18 78.39 0.27 0.598
300 113.97 57.00 0.19 0.576
330 111.82 48.75 0.17 0.555
360 118.83 45.00 0.15 0.533
390 49.46 37.50 0.24 0.522
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Figure 5. Inversion results
5. RIRGER

R RTSCIRBIMIPE 7 i, 0 RIS RIS BRI AT VRN SR, 2t Sz 2k R? = 0.9785, RMSE =
0.1239. WEMCRLF, WERiF . M5 AT IEH, TR BN R SRR R L, HoKARE

DOI: 10.12677/me.2025.132042 384 ol TAE


https://doi.org/10.12677/me.2025.132042

T F

BRERHATA PR KT [N, RS A OaRaBEY. SECKEMERT 0.7 mKHE
BB R 208 0, IR RO USSR SR A K MM 2R, KB R FOBOE B R AT, o
IR, RRIUAHRAERMINIERE .

4, gEip

1) vt ZRAATREEAZ, Ul RAAA KA, SURERK, RHRA A ORI, R
i 5D TR T P S KM BE T SEUE, TR R R A TR S K A R T S A R )
&

2) AcEE AR M ARHES, ARIE TR, @ RGP IR - KRB, AR RS
SHE, KRR, R T AKCFHFER)E R - KB

3) MR UL A B AHE R PR ] T SR RIS SR R T EE R, TR HER BUK RIS & R AN
REAB@HE A TUE IR RAR B T EEZ R E S . X5 BT TUE I AIIT RIS AR
iR e BAT HE TRER

SE 3k

[1] Sifrde, skmefh, sefh, & PEITUEURBEM RPN AR, 2023, 8(4): 491-501.

[2] TAFSF. WEARNEE RN A B A 7L [D]: [t 2 Anin s0]. Jbat: R EH R (R ET), 2013,

[8] R, B, B, & ETHRERNECEDESERE IR, JTR%R, 2023, 41(6): 1847-1858.
[4] HERWH, BkE, £z, & RS RASESIHE HIER]. WA, 2007(6): 1-3, 72.

[5] T, ZHEE, WR, & —MRAHASEEE T EZE R I IED] AR, 2016, 23(1): 51, 41.

[6] E#A&R, H30, %5, & FAZESEE T EAZ LR L] FFRl A0, 2009, 16(5): 65-66+75+108.
[71 AR, A0, Z55rhg, 55, JET3hSHE SRS 4 KRR RUR [0 AHESR T2, 2019, 41(4): 516-520.
[8] R, JET Azh A LA EIE R I A [D]: [t 22 h0ie 30). vh%: VE AR, 2022

[9] (GB) L-2ui, GB)PAtsE A-IRREBAKG. SR LFE[M]. EEY, &, % dbad: A Dok s it 2007.

[10] BEERsK. 2T FRHE T s 8 f/KF 0 BOE AR PPN 7R D], A A REIR, 2021, 49(6): 1-7.

[11] AR, S, 2%, FAEES A SR EAB R E TR [CII2013 F 4 Z S AT &8 4. Jbat:
b5 HE AR, 2013: 217-225.

[12] Bai, B., Goodwin, S. and Carlson, K. (2013) Modeling of Frac Flowback and Produced Water VVolume from Wattenberg
Oil and Gas Field. Journal of Petroleum Science and Engineering, 108, 383-392.
https://doi.org/10.1016/j.petrol.2013.05.003

[13] ER¥E, Wik, ERSE. AR R B XTBE R MZR[0]. 78 R AT 5 B 2%, 2005(5): 36-38+6.
[14] M0ER, fHAEE, REHE. MXEEREEWINHE T ED] AmER S K, 2000(5): 66-68+16-6+5.

[15] B HE, xR, EEE, BRE, &M, 2. A= E SIS EFTKERD]. AHETRER,
2015, 43(1): 96-99.

[16] F3e2E, ARy, Fakii. S /K i R R SRS AIE i 28 4 3UHE T 0], A0 5 R AR SR, 2020, 41(6):
1282-1287.

[17] T8 FET R AR & MR SZ[D]: (L4710 50]. bt HEA R (IR R), 2022,

[18] #Rfade, TR, FEY, % FESH Arps P EHFEIE SR RHELD]. 702K 2 =3 (8 A RHERR), 2018,
33(2): 77-81.

[19] FAER, KM, EEF, % TUASEAHB IR B amiiR, 2013, 34(4): 445-447.
[20] BT, i, EARGE, 2 FIFARS R SRS SR BN R 5 L], RAVSIHR 5T %, 2008(3): 49-52+86.

DOI: 10.12677/me.2025.132042 385 ol TAE


https://doi.org/10.12677/me.2025.132042
https://doi.org/10.1016/j.petrol.2013.05.003

	基于压裂液返排动态数据的页岩气井气–水相渗规律反演
	摘  要
	关键词
	Inversion of Gas-Water Phase Seepage Law of Shale Gas Wells Based on Dynamic Data of Fracturing Fluid Flowback
	Abstract
	Keywords
	1. 引言
	2. 反演模型建立
	2.1. 平均含水饱和度公式推导
	2.2. 气–水两相渗流比值公式
	2.3. 模型建立
	2.4. 拟合与评价方法
	2.4.1. 拟合方法
	2.4.2. 评价方法


	3. 模型应用
	4. 结论
	参考文献

