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Research on recoverable reserves and gas production characteristics of coalbed methane wells in
Baode block of Ordos Basin

ZHANG Wen', HUANG Hongxing'?, LIU Ying'?, FENG Yanqing'?, SUN Wei'?, LI Ziling', WANG Jing', ZHAO Zengping'?

(1. PetroChina Coalbed Methane Company Limited, Beijing 100028, China;
2. China United Coalbed Methane National Engineering Research Center Co., Ltd., Beijing 100095, China)

Abstract: In order to clarify the gas production characteristics of medium and low rank coalbed methane wells in different regions of the
Baode block of the Ordos Basin, and to guide strategy development, methods such as the Arps decline analysis, production accumulation
method, and flowing material balance method were applied in conjunction with actual production data from the block to establish a
calculation method for recoverable coalbed methane reserves applicable to different stages of development. Through the comprehensive
application of data statistics, production dynamic analysis, and other methods, the recoverable reserves and gas production characteristics of
three development units (Development Unit 1 to Unit 3) in the block were systematically studied. By comparing geological and development
parameters, the influence of geological condition differences on gas production characteristics was clarified. The results showed that from
north to south (Development Unit 1 to Unit 3) in the Baode block, the daily gas production during the stable production period decreased from
3314 m* to 864 m’, the gas recovery rate declined from 3.82% to 0.99%, the recoverable reserves reduced from 1 391x10* m* to 399x10* m?
and the recovery factor dropped from 48.50% to 16.99%. Meanwhile, the gas breakthrough time extended from 99 days to 228 days, and the

stable production duration increased from 981 days to 1 553 days. Correlation analysis showed that daily gas production during the stable
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production period was significantly correlated with the temporary storage ratio, critical desorption pressure, and the thickness of the 8+9 coal

seam, while recoverable reserves were highly correlated with the thickness of the 8+9 coal seam and the gas content of the 4+5 coal seam. A

comparison of geological parameters indicated that the main coal seam thickness, gas content, and temporary storage ratio in Development

Unit 1 were superior to those in Development Unit 2 and Unit 3, and the preservation conditions were also better. The study concludes that

the north—south differences in gas production characteristics of the Baode block are primarily influenced by geological conditions. The

northern Development Unit 1 has superior resource conditions, with thicker coal seams, higher gas content, and a larger temporary storage

ratio, resulting in higher stable gas production and higher recovery rates. The southern Development Unit 3 has poorer resource conditions,

leading to lower stable gas production but longer stable production periods. The findings provide a scientific basis for the efficient

development of medium and low rank coalbed methane fields and the optimization of different unit drainage systems in the Baode block.

Keywords: Baode block; medium and low coal rank; coalbed methane; recoverable reserves; gas production characteristics

5 E ST S iR S DRI B 0 A,
I 22 SRS T A2 D K A b g JRE R T, 8 (7
DX B B4 BT, S A RS 42 B o AR B
JEARE E TR AR A R R 2 X A
WS AR ANAIR], 5 E SN T K AR
JE R BRTERE R T A 22 AR (HR B IE R 7K, B
DA Pk [ M2 SR AR TR . FAT, o BT
BEBTHEZ ST LE P R E T TE A 21, %) s BB 2= T
KA PR IS T — & AR T T IR DX e
MEJZAE I RIRESE, T E AR T e 2 OF e £
PR ZR A" BB J 1 R A 45 5 TS A kR
S X (78 DX R o i fat R Ay e AR v, SR 2 Lk
ST T 2% X HURZ RS ) i AR R (H2E
R R 0 7K 7 M T I 2 X ol e B R R X
HRRE B B2 AT AR AR, g IX By 7 e F L T &
A B 7 G G o) AR B ) SRR o AT AR P IX
Berf = s A8 s TR SO R R ROk OF
KBRS B AT D75 T IR XA [ T F
K HICREIFOEIE T X PR 18 X B IR B = 0™
SRHIERIIAIR.

1 XML

1.1 HEER

PRABIX P T 5B IR 22 W A b R 2% Pa B v L B
Fa 5 T 2 PR a7 5, S PO BT, T2 R AR R/, b
R T 1°~10", EHRZE R SR INVEH 4455
WEZ RN JE A 8+9 52, 4+5 SHZIEFEAN T 3~12 m,
8+9 5 M 2 R JE A T 3~18 m, M2 H IR A F 300~
1200 m, B2 &S BT 0~12.0 m’/t, B2 B3 0 20 1 5
BT 0.7%~1.2%, J& T NTHE , 2 M A 1 IR By

BEZAH
1.2 EhRFFLZHRDR

2011 4F , DX 47 22 1l o i B 183.63x10° m?, 2012 4F

TE IR FEAT A DX T ARS8 =181 2015 45 K 7= S 58
150x10* m*/d, 2016 435 B 4F 7= S & 5%10° m® LA | (1
A, 2018 41 56 X B (19 A8 7 A0 SR % b T i ek 1A T R
25 R 213.49x10° m’, & A T U F JE 2.34%10° m'/km?,
2020 4FFifi 5 2 35 DR E A 3G, IXER T4 1 s

1.3 FRBRTXGS

PRAE DX PeAL R 7 R A e AR AR 3 R ZHE IR )R
JE R SCH S A PR AEAR B30 73 0 3 AT R HOE (K 1), A
AL 7350 AT A — BT . T = T,

—»Z

0 1 2km

| I E—
[e] (-]
W TR

[—]
K RGE

o
P oo o

o Wi PR
y) ]
v st PRt

D

fred.

>
34 e
'%J

2(

BT SRR 2 G R XTI K BT o3 Af
Fig. 1  Distribution of development units in Baode block, Ordos

Basin



2025 4F
EARECIN VA

TR, A5 SRR 22 M G DR P X B2 O ] SR i 5 R AT 9 259

2 RSk

BEJZAOF 7 i B AR HEK B R B Be BT B
B B B Be = BB s Br o 5 T O A A i R AR
FERAE AT BRI AT AR B HE K IR ] 8 7= I TR] AR
e I ] 3 R 2R AR R AN R A i SE S IF TR
AR W] LR M TR A O . T
BRI AR, A AR AT A ARARAS A 7= 2 58
EIRFFBZ O L BR TR BRSO T k51,
b ZIE BB A5 o A5 TN T vk, X AN R B B A AR R
AT B, A5 B AR A SRR S, W R
AEFNALAE

21 WAIXREEITERZE

PRAEIX BAL TR 3 JT & B oT B L2 SO A 77 i 1]
10 aZcty, HAGAL T8 B B slad psd iy Be o 8 3153 nl
SR fitt i, UM SR W, S o3 A DR A DX B SO 4 2
S/

X TR A RAE R TR A e AT T
FAOCHWESE , & 17 28 Pk | B8 A5 4L 3k R 458 1l % B
SO R R AE P ok 2 AT SR A AR AR R
TR R R I R Gk . X STk
7 BB U VA T I B L A 5 1 R A 7
Bro i, #R R R R Sh Y BT L S Arps
3B I 53 B i R [R) NE FH TREE A) SR A R A AR
2.1.1  Arpsif B H7 ik

Arps 3B I ATV S BRSO RE A B I B, AR
i 7 8 5 s ) ) O 2R A 3 Dk e A A TN 38 ik
FBU I F By B RO AR R 3 TR
1 H G i BRI AR A R DT R AR

g=—"— (1)
(1+Dbt)

Gy = | qd 2
PD fo‘]l (2)
G=G,+G,, (3)

K g NP B M/ g, R b R
B m*/d 5 D, R 0 46 338 08, % 5 b R 3 Ik 8 K5 0 R i
], BAAL d 5 Gy 3B BB B RS, B m? s 6 AT
KAt A m? G, ok 3 I I R T Y SE PR RBUE AR,
LR

FIF SR Az = B 2%, 0 S R 30 7 o, R Al 3 ek
WIS UG — A 7= a0 ) AR D, Xof 3o el BB g

AT I3 AT , %) HEAN[R] e ol K P05 RIOCR , i B i i
SO 326 Dok A 7R (DA i et D O 32 R 71326 Dk 3 ol
FEAGERY) ML T S B SR, $R IR R DT R A
P 2 P 3 ol ™ 3 D SR R R R A %7
V5 B 210 B R M A R AR )iz T R AR
FHRBAHEAT M, 45 B BRI ] R i

212 FERME

P R A I — AT o, E A B
B S I A U B B B 1 1
Ff 2 KT /N P 2) SR A T A B 3%
BB AT A S TR i BB B S5
F) 6 2 T PR 2
u (4)

G, =a-

K6, o0 ZR
B, m’ - d
W (4) TR 2 J5 , AT LIS 3
Go-t=a-1-b (5)
FUHAE Bl 52 G 5 e C R il A
B3 a, BUH RIS Z 1Y TR AK B
TN TR 18R TR, 32 Ay e v A
PR BN RN, AR S O s, HBOR AR
EELISRERAE SO RN S

Ao, B msa A EEG B m? 0 R

— HPARE — B
= i :
= | :
r
BT BTREB R
s al/d

K2 BRSO H RS R R I Lo B
Fig. 2 Daily gas production and cumulative gas production curves

for coalbed methane wells

2.1.3 RmMIR -k

WK A S P ST TR AR IR ] A 5T
7%, 5 MR TR0 B B R G 5 A I i) g™
BRI U A AR B, 2B I [ e A
LRV B3 /i WA O S B i N R 107 R <R W N s i
AR SE FOIRAS , O )2 25 s P 5 — 1 4L
H1E 7R A — A AR 2 rp SO RS T )2 AT —
AL p 55 2B G AR s p, 5 BB
G MR PATI (81 3) . T sh i BTk BRI <
FERE 7B I BB R SR TR R AR



260 R, A SRR Z W DRI X BRIBEZ SO AT R fi i 57 URHIE TS

2025 4F
F15E H2W

— WEIES --- IR

JEJ1/MPa

RRGE A m’

KRB DIVIESE VAV w1 e FNHEE VESV RN DD
Fig. 3 Relationship curves between gas well pressure and

cumulative gas production (in pseudo—steady state)

S WEFRIE ST , BT AR 06 kT A B AT R A
Horh, R 7 % 7 MR 2 0 60 2 R 2 A o 35
£ )20, N F Dranchuk—Abou-Kassem J7 21184155
SHI 4525 WRL A T2 A1 A 75 A AR 1) T S 1 O 22 2
ZHRFE T AR T R P (37 3 4 T 4 %
LRMESE R TUF . 70 L TR A0 R A 0 B
J5 2R A R A R (6) 0 %l TR i B
S T SR T

7% = pscTVL
e T.(p.+py)

=S~ (Cp + Cwai)(pi - )t WpBw/(Ahqu)
VA

(6)
A 20 25 R p, AR HERDL T B RSE T, R
{37 MPa; T AAGIZ IR, B0 K5 VoW 22 [OAREL, BT mP/e;
o MEZ R IR FLBREE % T bR G0 B9 IR BE , B qvr
K;p, A= RE D) AL MPas p A IR , 567 MPa; S,
N EHR E KM RIEE % 5 C LB 4 2R, 5 MPa
C, R7K I 4 2280, 557 MPa™" s p, b R IR 6 2 R 0, 5457
MPa; W Sh SRR K& B0 m?s B K BRI R 4L, B
B m*/m® s A AR AR, B0 m® s h A2 B m; Z
Tl 2 2L

2.2 REINTE

R SR MCRE A U 75 125 B A8 S i B
UL AT B | e a3 R O Pl AT AR
PSRRI 2 S, ELEER R T SA5 21 0% W] SR A £ 4 b T
LR R SRAER IR, AR AUF

e
=4
e R, % 5 G R A, B m* s G i

i B m?,

(7)

2.3 FHiENHA

3T KA A

1) s s ]

DA X BRA G B 1 X3 H- A 53 13 BT R B AR
K MRAEZI R MR TT AR (B 4) % b T sy
Bt ATRISR Arps sl g Ay 2Rk AR g R

25000 25000 —H =S — BRI —HPokiE — 10 118

2.3.1

<
ay
-
“22000F 20000 1152
= E // 1 lzﬁf
5 1500 5 15000 F .
r r A 19 £
3 1000F3 10000 I £
B _|@ N f 1oL
&% 500 5000 135
ol S o™
0 1 000 2000 3000 4000
A )/

4 SRR 2 A PR A8 X B1X3 A i 26
Fig. 4 Production curves of B1X3 well in Baode block, Ordos Basin
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Table 1 Calculation results for recoverable reserves and recovery rate of Yangjiawan well group in Baode block, Ordos Basin
5 F 7 A7 R BREARE0 Y HURER10' m® R0 m® SRR % SRR ARG R ik
Bl It 4+55/8+49 5 3024.99 467433 3813 64.71 81.57 P B
BIX1 EmFE 4+55/8+9 5 1592.11 3793.58 2165 41.97 57.07 7 B
BIX2  EJF  4+5'5/8+9 % 2141.03 4459.19 2879 48.01 64.56 Arps IS BTk
BIX3  EIMJF  4+5'5/8+9% 218031 4019.72 2727 54.24 67.84 Arps IS BT
BIX4  EIJF  4+5'5/8+9 % 2868.19 4419.27 3936 64.90 89.06 Arps BT HT A
BI-1X1  @mJl  4+5'5/8+9'5 1759.60 4 460.97 2610 39.44 58.51 FE i R
BI-1X2 EmJl  4+55/8+9%5 1242.62 4138.23 1991 30.03 48.11 7 R
BI-1X3  EmJF  4+55/8+9%5 1589.40 3895.95 2 445 40.80 62.76 Arps B HT A
BI-1X4 @Ml  4+5'5/8+9%5 1691.83 3943.04 2718 4291 68.93 Arps B HTTE
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Table 3 Geological parameters of different development units
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Py FRETE A B VAR SR 1 Iv] P AR} A B AR A T T VU AR SR 1
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Table 4 Correlation analysis of geological and production parameters for Baode block, Ordos Basin
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