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Abstract

The continental Qianfoya Formation in the Puguang area constitutes a medium-deep, high-pressure,
low-temperature, tight sandstone-shale condensate gas reservoir. The two gas reservoirs are ver-
tically superimposed with substantial separation, and their development potential is not well de-
fined. Distinct and highly targeted development strategies are necessary for the two different re-
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servoirs of tight sandstone and shale. This paper refers to domestic development methods for
similar low-permeability tight gas reservoirs, including well pattern and well spacing design, to
determine that the Qianfoya Formation in the Puguang area should be developed using a depletion
method with horizontal wells. An evaluation was conducted on the orientation of fractures in ho-
rizontal wells. By referencing development indicators from similar types of gas reservoirs, the ini-
tial production capacity of this reservoir is estimated to be 5~8 x 104 m3/d. Drawing on domestic
development practices for similar reservoirs, the gas production rate is controlled at 2%~3%,
with a gas recovery factor of 30% and a condensate oil recovery factor of 25%.

Keywords

Tight Sandstone, Shale, Development of Technology Policy, Low-Permeability Tight Gas Reservoir

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

EOE A X BT DY NARAE I, SR TSN T EN BB —EN Xk, SR —H
DX B 3t e t B  TAR R T = D 44K, I SRR, T 2003 4l
P IR, KL TR #ukH AT, BT R EEL D TR W PR =4
BB WO TOh BRI I EA RS R, A A, TR BORBOR T 20 A3t AT 50
& ASCEMRHMEPNANBUEW S . TUEUBIT AT 30 PR G AR T 0h R AL AR H RUR IR U R
IR AT A LRSI R B RANIUE THERIE S, R RCR KT 5 2t
IV, HBREAUBOT R RCR, BRI MEEAT T A& S aBUERIAR, EUUKTBOT i 52
GIRT 607 LUR R I S5 AT BT ARE P RE, B 20 8 ¥ D' R A 0% U ek
3~8 x 10* m¥d. UL, AUIFRBARBAF TS X T B RS - TUA BT M A T R 3
(G pAbE NP

2. fEXHER

WA BT DU BB, B ICEIRARZ 60 km. ZXHTEE S, A 300 m~900 m,
R 77 22 FT3% 600 m, R~ L1, 24 38 B 5t AR MBI , 4 P19 17°C, S ARIR AT $1-5.3°C,,
BN 41.3°C, KRRE, B, . FHRE, BAEM. Fuk. B KRS EEECE 1).

5 X 358 A7 T 0 2 1 25 DR 25 LB, AT A EEL L 70 4 BT 4 5 )1 o SP- R At 2 1]
i AR BRI B, RIS NE FIEHL HE. BaLb Rk NW RTEEY . AT, RE
JE. A KIGSE-EA IE IR BRI R R, SR TEFIAY. B IR SAN S M3 2 T [2]

3. #RAR

HRARTT 50 X 452 MR F 5 K = K T PR SRR R, 3 e A T LR 3 MR AR
SRS OB U O, B SORTEA A oS E M, WER S EN 30 m. JR R U T TR R R
I J2 5 B T B IO/, 2B 2 S TR 0 30 m B, R VR TR RAT I . DI B W A
K STARTF R O AT I

DOI: 10.12677/ag.2024.146077 832 HuERFL 2= ATV


https://doi.org/10.12677/ag.2024.146077
http://creativecommons.org/licenses/by/4.0/

Figure 1. Location map of Puguang gas field
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ZA’<0.049%, Z T 1.200%, —AALER 0.240%, ANEHIAGE, AN 0.6613, JHIARZ A 0.790 Um®.
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Figure 2. Predicted cumulative gas production at different horizontal section lengths
B 2. REKPERKE THNR~ S8
Table 1. Comparison of horizontal section lengths in other tight gas fields
1 KHEHEMHESHKFERKESR

= BIEE KB
(mD) (m)
KA H 0.1~0.2 700~1900
JrEARSH 0.01~0.1 1000~1200
TS H 0.01~1.7 460~1308
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Figure 3. Cumulative gas production for different angles between horizontal sections and fractures
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Figure 4. Comparison of simulated cumulative shale gas production (Different horizontal section lengths)
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Table 2. Comparison of Geological development parameters for shale gas reservoirs domestically and internationally (hori-
zontal section lengths)

2. ERSNESE R LS B ROKTFERKE)

YS108 H:[X
WA A
Barnet
Haynesville
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HR
(m)
2400~3600
2300~3200
2000~3000
2200~2700
2000~2600
3200~4300
2500~3400

JE 1
(m)
40~50
33.4~46
35
38~44
30~190
61~107
245

TOC  JLBUE  HEtEE R
(%) (%) (%)
22~33 3.0-46 50~62.4
28~53 3.0-52  57.8~60.1
21~6.7 2.1~6.7  54.0~69.0
20~60 25~7.1  56.0~83.0
45  4.0-5.0 51~65
31 8.0~100 35~65
1.42 537  44.97~49.33

FLoh

%) k71 &K
30.4~39.0 1.4~1.96
23.9~32.1 1.35~2.03

31.0 1.96
17.0~35.0  1.35~1.45
21.7-32.0 1.0~1.15

20~35 1.6-2.0
35.97~38.36 KT 131

KB

1000~1600
1000~1200
1100~1600
1000~1700
1000~1500
1000~1700

5. REHFEEIT

— AT R BRI S NARYE OB . RSB, RIS RS AE R, RIESRR
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MRS ARSI ARFEE AR, BT R R, B R 7 B R Ek B —
ERITFRESE, TEHE SRS E 2 M, EAENTER: S2E, MEFEE, I
BIEARAF FIRMEULE, RREFEHM. Rk, &R ST R BER M GR 5 A E .
1 B R A I X T & BB R B, SR LA [F SRR R, R E A ER SR EE[9]-[11] .

A% [ AU S SRR TUE SOROT R A& 56(7% 3, 36 4), W T b R S0 SO R IR
“4 1000 m~1200 m, LA ST K I 300 m~400 m.

Table 3. Statistical table of well spacing in low-permeability tight gas reservoirs

% 3. RBHEBERETLFESRITFE
- TR £ LIRS BER S
f= = Z
U J2 A m MPa % mD m
HN T A 3040~3530 42.705 3.0 0.04 1000~1200
K2 a1-K2 2600~2900 23~25 4~10 0.1~1 800~1000
i H VRN 2100~2500 40~45 10.2 0.16 700

Table 4. Comparison of geological development parameters for shale gas reservoirs domestically and internationally (well
spacing)
4. BRSMNESEM R A S B RFRGHE)

M % IR JERE L e E FLaE HERD JEFE
(m) (m) (%) (%) (%) (MPa) (m)
Bz 2400~3600 40~50  3.0~4.6 50~62.4 30.4~39.0  35.1~67.3 350~450
K7 2300~3200 33.4~46  3.0~5.2 57.8~60.1 23.9~32.1 31.6~49.9 400~500
YS108 H:IX 2000~3000 35 2.1~6.7 54.0~69.0 31.0 37.2~55.8 400
R A 2200~2700 38~44 25~7.1 56.0~83.0 17.0~35.0 31~-38 600, Jn# 300
Barnet 2000~2600 30~190  4.0~5.0 51~65 21.7~32.0 20~30 200~400
Haynesville 3200~4300 61~107 8.0~10.0 35~65 20~35 55~70 300~600
T2 2500~3400 245 5.37 44.97~49.33 35.97~38.36
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o4, SR E B UM A U A B

A 265 T Py o VB O R RO R AR A, A s R AR 0% 7 RN 3~8 x 10° mP/d (4 5);

Table 5. Production data of similar tight gas fields in China
F 5 ERROHESBE~BRE

fabx KSR 7 B EE S rRYT VR i R AR T — B
pkm PR oAk KR4 e KF A
SR, FREE R
e 7ESE
{I%EEFX; SEN=AE] y = = 2 [E mEREAs EREE HEREAs EE
jy REEE 2~10k, BESAREFE3~15m BESR)ZEE 5~30m BESRZEE 4~10m
B AR /NT 43 B
FIRF5% HENKRE HERRE HERRE HBRRE
(S FLBEEE 3%~10%- FLBEFE 3%~14%- LB 0.9%~15.33%- FLBEEE 0.3%~3.9%-
- BiEZR 0.1~1 mD %% 0.001~0.1 mD Bi%E % 0.001~1.75 mD %% 0.001~0.2 mD
TR 2500~3000 m 2800~3700 m 1300~3200 m 2500~3500 m
EHEK 0.85~0.99 0.87~0.94 1.11~2.12 1.3~15
TR 50%~60% 55%~60% AN ERLAS A Hh X 2 K 50%~60%
it 1.24 x 10% m3/km? 1.3 x 10% m¥/km? 1.3 x 10% m*/km? 1.1 x 10% m¥/km?
KB B 700~1900 1000~1200 460~1308 1200~1500
P hg P2 1~6 x 104 m® P2 1~6 x 10° m® 7R 1~9 x 10° m® 725 3~8 x 10° m®

Gt LW U R S R TUE S TUSHRHIE, TR EA SR 1 @R RS R S, 25 RT 1
IR =R, TR TUE ST BeIb iy 5~8 x 10° m¥/d (3 6).

N

Table 6. Statistical comparison of jurassic terrestrial shale gas wells in the Sichuan basin

= 6. W) ZHIRT REEETUE S FHRITRIELR

24 JoI 3 I Pz 19 U1 T
R, m 3557.7~3571.9 2991.7~3010.7 2536.5~2561.7 2500~3800
MBI ZE, m 14.2 17.7 25.2 25
TOC, % 1.68 1.24 1.56 1.42
FLBREE, % 491 4.2 3.53 5.37
S, mit 1.34 / 1.81 15
Ro, % 1.3 1.55 1.34 1.9~2.2
TR, % 36.2 / 35.9 44.97~49.33
Fit, % 55.2 41 48.9 36.32
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Figure 5. Normalized decline pattern of production for middle and lower horizontal wells in the Baimiaosha formation
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Figure 6. Decline curves of typical wells in the seven major shale formations in North America
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RBHESIREAMIL. (KIS, 2R, AR mEst %, EEFERSERE; I
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HRFZE RN ERIREN K. S5 a AAS R fif /DU 2 88, ARG E 0N S
A P R (e B — RO L R RN — A B AE 50 x 108 m® DAL S8R, SR L 3%~5% /5 A4
N AEAE 50 x 10° m® LUF A RS, SR ATk 5% E

FIR (RARE KA BT H 7Y (SY/T 6098-2000)47 b brift, KA A=2, | KIS IR E
IKRTEERFE B 22 5, SRR E R 0.4~0.9, 11 R IRSGECKILCE 0.7~0.9, N KB IE SRR G
0.3~0.5, FHKERICER HE<0.3. HIahEAHIER AR 0 N5 11 FRBIESR, SECRBCRIEE A
30%~50%2 [f)( 7).

Table 7. Classification of gas reservoir types (Referenced from SY/T 6098-2010)
F 7. SESEABKISFR(EIB SY/T 6098-2010)

- e b
SRR Rk KEB R PEFAN SR

sen BRI RM() RACEITEE) TSR FERAS LR

AE. BAK K,

la L —BIFRIINIR <02)

S =05 0408 s R IE A K B K HUK I,
SRR, KR R 1T

' b BHEREIKE S S8R5 %,
7K B (EER) 0.15~0.4 >0.25 0.6~0.8 BEEAHX TG, — IR
JEIAA RA IR E, BUER S H K.

Ic ZONEHREL, R G B A B K,
CRHEER) 0~0.15 >0.05 0.7~0.9  EAEARAAT=IK, KIZREEMNTS,
FR I FE R BN S UKL
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I 0 0.0 0.7-0.9 ZAHMAENZ MRS Wik,
SR = T RMRECRE R AN R RE
TR, Nk S YRR .

BEEFRBEEK<1.0x10°um?,
lla %%%%Xjﬁiﬁ, R B 2,
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- B R qg/km < 3 x 10° m¥/d,
c[%{[:&ﬁ; 0~0.1 %;ﬁ$iﬁ¢ﬂjfﬂ7ﬁ1§o

ERFBEEK<0.1x 107 um?,
Iib 07 <03 REERKA, TI6HET — LT,
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FER A BB o

T Har Xy &P shA R D, F 8% E VST & SER &6 (6 8), KA EHIfE
2%~3% NE, RIRFRICE N 30%, EEHTHERICE N 25%.
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Table 8. Values of gas production rate and recovery factor in similar low-permeability tight gas fields
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SIS HEPEEE 45 WERA. WA 33 4225 1.9~1.95 @A IR 2~3 35
KA B1-K2 LR 4~10  2700~2800 0.93 < O 2~3 40
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