Advances in Porous Flow & /1223E R, 2021, 11(1), 1-8 Hans )0
Published Online March 2021 in Hans. http://www.hanspub.org/journal/apf
https://doi.org/10.12677/apf.2021.111001

A R SR A B AR EIA IR

EAR, € X, AXAE

HEAAPEILME > AR, BiEE BE AT
Email: wigaj@163.com

Wk HiH: 20214F2H5H: FABEM: 2021437 11H; KAAHM: 2021437 18H

=

HILRKSH, KRR TR, FHERGERAEEFHTRATT G . AR BT BT &
SEERHR, MEGBERMERET THIR, 2RIRAKRER AL REEEN AR BIE TR &
B%. HPKRERAFERARRICERRY, BERER ST 54 KK —&, FAREEHRKE
BERBSBHRERR. ERADRGELRY, JFEAKKBERER0.35~04FALBRAERE, KBRS
FHBEEATEM, RUEKEIER T Mo RBSTEIFEILRA, MEURE. KRERRIERE
TR SBY PP TRRERE, EEYR-PETET L KREIOKBEREL, BRETKES
FRHENER . 7 BHRIE, KBERALOLF0.350, SFLMHARLERAK, HNRBGERL. &
TR EHERMITE. REETTEIBER 8. KRERREETHET MR B E KRR, R
TR, AL RMACRERGEE S,

Xiid
KIS, KESGEKR, KR, KRERARY, XER, FEEY, Tl S, BRKR

The Understanding of Decline Law of Gas
Reservoir with Edge or Bottom Water

Ligang Wang, Shuang Dong, Yongtao Zhou

Northwest Qilfield Company, Sinopec, Urumgi Xinjiang
Email: wigaj@163.com

Received: Feb. Sth, 2021; accepted: Mar. llth, 2021; published: Mar. 18th, 2021

Abstract

For gas reservoirs with edge or bottom water, the productivity decreases rapidly after water inva-
sion, so it is difficult to accurately predict the development trend by conventional methods. Based
on the development practice of Yakela condensate gas reservoir, this paper studies the decline law
of gas reservoir, and predicts the development trend by using water invasion volume coefficient
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method, gas production rate method and numerical simulation method respectively. The water
invasion volume coefficient method is proposed for the first time in this paper, which is used to
quantitatively describe the relationship between water invasion and gas reservoir decline cha-
racteristics by combining microscopic experiments with field production. In the long core dis-
placement experiment, when the displacement volume of injected water reaches 0.35~0.4 times of
pore volume, the recovery degree of natural gas will not increase any more, indicating that a part
of natural gas is sealed in the pores under the action of water, so it is difficult to recover. The wa-
ter invasion volume coefficient method is proposed based on the material balance equation of
water drive gas reservoir. The water influx and water invasion volume coefficient are calculated
by the material balance equation, which is the macroscopic performance of long core water drive
gas experiment. The field verification shows that when the water invasion volume coefficient
reaches 0.35, the gas reservoir edge wells will see water one after another, and enter the fast de-
creasing period. The results obtained by this method are consistent with those obtained by nu-
merical simulation method and gas production rate method. The water invasion volume coeffi-
cient method can be extended to other water drive gas reservoirs to predict the decline law in ad-
vance and provide guidance for the early optimization and control of gas reservoirs.
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1. 518

REH V2 0 KA, HIF R A= REAS RT3 IR SR I X 7 10 R /K ek 5 3 9 3 b
[IREF, HR R FETAL G, B S Bl I 1R 7= 3 98 o b 79 [1] [2] M7= i 77 vk £ 2L DL Arps
FERIBIR TN, ZRINE R B R T RS, A A5 R e AR T R R .
FEAR T T K IR,  HZ KK P2 Rese B 5L [3], IR MU VAR MEAE R TR TT R %h . PV &=
Akam[4] [5] [6] [715F NFF SRS SE5S, BRASUKAS R, OWSEIG R, B S /KA RESE m, AHXT
RS A, SARBIE R R, KB SR . KT /K AR RS B30 1 /K 3Rk [8]-[13], &
WKFAEP= T Ra . BRAR /N, KRG, XA S SRR, SRR E BT, PoRE R Rhnbe, fr
LIS BRI 0 5 B2 St e R o AN SO R KR AR AR R A% . R BV [14] [15] R B 42
SELIRI, =R TN GE R w e RO T S
2. SEHLER

LR AL T3 R b B e e b - S B W M e R iE T b SR EREENAE
F, ARV 5300 m, FE MR 65 km?, SR 38.6 km®, HERS A £ b FRE, BY
R I FLBR B 2R KN S

S, 2005 FRNFF K, BB 236 M, RER 110 1477, BTSRRI RERE 50.14%, RS
KT 42.22%. A, . TREFRFER.. Ride, WHEKEMEE, HEfdr= b EdErs ES
F o BUFRIE TR SE AR T T RSO 7T, RS ERERBIT A
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3. BB RS

R R X TR RR IR R e, R X PG R B SR BT, ik 7
R RN 68%. JRNTEZA =J5m: —RRREEERGR, T RRMMEE 56~88, HINBEHERK
W, GREKR: TORRMRE S, N URRMEEET 34%)5, SR EKEI ETE, AREA A
WK, B SUKA IR TE = RRAEE S, T URRAEE R EIEE] 7.2%, =T RiRiHR
T 3.5%, HKE FEERSHTKIZ .

4. IBRAEMS

MBI LR, R KRR e B R, A, HRKR LS DA ki, N2
WA RE AR . AT [, IR L E R 5. AR RA IR SE R, 5 U
TRETTIEARSRIR, 3 H KR AR 28 it e 3 0 B, IR R B vk AN BB AR AU, VR O EIVIE

4.1. KRERREE

4.1.1. KE KRS LS

HEHL YKL HEAT YKSH FEKE S, W@ R BRI, B2 A N A S 78/, B
IR G I HUZ K, FEE SR TEN S B A, FERENT R o B A R L AT i S A . 2
SEABEENT SRR B MR S, e O R GG R R s & Har U Z R ), fEH RTHE R /14T
VKRS, HEREAHM.

MK IR 236 T LLE (A 1. 9 2), YKL 5 I R AR S 0.4 15 FLBRARAR S AR 2
FERFIIEIN; YKSH A S IR B AR H] 0.35 £ FLIR AR KARSCR AR EE AR TGN, SL38 v <
TEK IR AR FITE 0.35~0.4 £5 I 3E N G 1 o

4.1.2. KESHYRTESE

IR BT R I FE 5K IR s S 2 AL, 3R 5 S o ) IR R AR S KRR R B — U
IKAZRFR R BOE S BT /K IR 3 T8 7 R B2 SR 1) o 3 F-— AN RAR KK IR, BB TR R 7 T B%,
AR GG N RN SRR . 2 R Ak FE A sk, DLRGK RN . A ek =5 T
FAR IR B AR AR R4 B 5K R B A, iS5 e, RIS 5 T-4 5 R
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Figure 1. Recovery degree curve of natural gas displacement by water injection in YK1
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Figure 2. Recovery degree curve of natural gas displacement by water injection in YK5H

[E] 2. YK5H F5EKIRE KA S K HIZEH
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4.1.3. SEfilsriRr

EEUAE TR . N R T UR S 5 S 4 BT, BRAIE K AR A AR 2R B b s R B 0 T EE

1) BRR FREIF KL

RAE 2, tHE A T REKRAETRRE, AE KRR RS R 2 & (4 3).

M R B K AR AR R %5 0.35 X B2 IR A1 A2 2011 4F 9 H o A= 2 (5] 4) B3R BiZe et 1a] 25, &0
7 2011 4E 9 HAE 7 RERI N F%, Frb it YKI0 HKHESmE, %R K24 F 2502 0.33.

2) HERAHSBEI KL

e TR PSR KR AR 2% 0.35 6 BN )2 2011 4E 12 H (14 5). WA= #i £k (14 6) 13k 2% [a]
B, KD 2012 4E 1 HAERE TR, brdidd YKL 5K Pk ETr, b RE KRR # %02 0.35,

IKARARF R AT DL B4 A 2 KR FE S o 3@ 508 5 S (K 4 T, SRR AR S ) 1/3 £ FLBR A
FRE, ASOKR BN E, RIS A = KA . K IRARE, T DL % T VR SR
.
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Figure 3. Water invasion volume coefficient curve of lower gas reservoir
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Figure 4. Production curve of lower gas reservoir
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Figure 5. Water invasion volume coefficient curve of middle gas reservoir
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Figure 6. Production curve of middle gas reservoir
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Figure 7. Water invasion volume coefficient curve of upper gas reservoir
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KRR NRRIPFEER TR MR HIACR MR KRR (R 1), B 2 URRTEERA T
B3| ERURR AR FEE N 44.54%, SKIZURFR AR %L 0.35 TS REA — 5, Hi5E A Wl 52 .

Table 1. Prediction of recovery degree of upper gas layer in stable production period by gas production rate method
F 1. RREEEMN ESBERAEARBIER

4R 39 (%) A JI A S H T2 (%) (1-Rpsp)?

NAE 6.38 40.3 0.36

HEE 5.25 423 0.33

ERE 4.03 44.54 0.31
KRR R0 42.7/44.2

4.3. BUEERE

I HBAEBANER BRI RESBAT (A 8. 18 9), S RER ERZKREENR, 2019 KA 3
FUFAHE WK . b it i AR B H) YKL JEAT YKA2 FET 2019 4R b WK, S8 EAE™
RE I I o

Figure 8. Gas saturation of upper gas reservoir in 2018
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Figure 9. Gas saturation of upper gas reservoir in 2019
9. 2019 F FSERSIGFER

DOI: 10.12677/apf.2021.111001 7 B R


https://doi.org/10.12677/apf.2021.111001

EAR &

5. &hig

1) XK BREENT U AR RERS MR, I RO TF 7T 5 22 S it s SR o
2) KA ER ISR ST AR S, $ H A I KAR AR AR AR Bk i s R W ik
3) MRS SR IR R A BUE A SRS I8 5 K R AR R Bk ] — 2, Ui

FLEEHT KR AT RBOL S 0.35 A5 FLBRAAFURE E 2RI -

4) FRARR R BGE AW RS O 45 R T A, R Rl A T e K R A 3 DRl 9T T«

S 3wk

[11 25, R6E, kS, BRE, BER, sk =28 T EBr S B0 RNHD]. RAS
HiB R, 2009, 20(2): 304-308

[21 Z=WeF, Z=du, SRRV, XS EL KRG BB TS KR I R0, 2004, 24(11): 92-93

[38] EBER, EHRME, BER. SHRFEEMEmE RSP KiEE S, 2000, 5(2): 42-45.

[4] Z4k5m, B2Ede, BUEM, ICHE, S, BN K IR EUSAH BEAR BE TIAR T[], RARS Tk, 2019
39(12): 66-73.

[5] Z=4kam, HAtHSE, M&EsE, B|EA, R KRS KSR ACEE Y] FeFhl <8, 2018, 25(5):
89-92.

[6] #hEE, EEE, EE, & KECIKEPRFEA B S &S] PER AR (E AR A R), 2014,
36(2): 139-144.

[7]1 HSCE, R 60E, S i Z KIS W S LK IR A S R A 0], AR S SRR, 20086,
13(6): 79-80.

[8] MR, ERE, k@R, KIRAEUKIRERKESEE TR D] KAt E 51 &, 2005, 24(5): 48-50.

[91 Z=85, skdb, A, Bife, YL, A, BN KIS FH KR PE B 5 7E[R]. KRR HERE 2,
2016, 27(1): 128-133.

[10] &%, FENI, Futfh. KIRSEKEE KBS EFE R A ] KRR Tk, 2005, 25(5): 75-77.

[11]  FBsk iz, BokRl, BEHTR. KIS AL P2 BOm 40 M 5 A 78 e B T [I]. V5 A A i K 242 3R (AR BEAE AR, 20109,
41(4): 99-106.

[12] ZEVL3%, $MEZ, TURUE, 280, FlER, BI755. KIS K A RS R & b5 5[0, KRR Tk, 2019
39(5): 79-84.

[13] XBREERI, V0¥, S9NE, BRE, BMEE, TR, EE%, iy, B4bS W 55K RS0 K E -5 8050 5 7%
[3]. A&, 2020, 32(1): 128-134

[14] A2, WSCH. Mg < H &S ROT K AR S 2B IM]. dbat: J EA G H AR, 2017: 86-88.

[15] ERERK, Z=5MH, XIE&%E, SO, IR, R, XBFH. R AEE SREE R /MR Al

1%, 2009, 30(6): 908-911

DOI: 10.12677/apf.2021.111001 8 B R


https://doi.org/10.12677/apf.2021.111001

	带边底水气藏的递减规律认识
	摘  要
	关键词
	The Understanding of Decline Law of Gas Reservoir with Edge or Bottom Water
	Abstract
	Keywords
	1. 引言
	2. 气藏开发概况
	3. 递减因素分析
	4. 递减规律研究
	4.1. 水侵体积系数法
	4.1.1. 长岩芯水驱气实验
	4.1.2. 水驱气藏物质平衡方程
	4.1.3. 实例分析

	4.2. 采气速度法
	4.3. 数值模拟法

	5. 结论
	参考文献

