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A new method of systematic analysis of production data for evaluating the
desorption ability of adsorbed gas in coal beds

LIU Wenchao' * LIU Yuewu®

( 1.School of Civil and Resource Engineering University of Science and Technology Beijing Beijing 100083 China; 2.Institute of Mechanics Chinese Academy
of Sciences Beijing 100190 China)

Abstract: In consideration of the key influential factor of the unsteady desorption of the absorbed gas in the develop-
ment process of coalbed methane a linear radial seepage flow model for a vertical production well of coalbed methane
is constructed through the definition of a pseudo pressure of gas.The numerical solution for the seepage flow model with
constant production rate at the inner boundary and no flow at the outer boundary is obtained by a fully implicit finite

difference method.Through the analysis of numerical results it mainly indicates that the unsteady desorption coefficient
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can make the logdog type curve of the dimensionless transient wellbore pressure and the dimensionless wellbore pres—
sure derivative at the pseudo-steady flow stage which is dominated by the outer boundary at the late period and have
a falling trend.The two curves become distant and do not both upturn steeply to converge to one straight line yet.The
reason is that the desorption of the adsorbed gas can supply the gas sources for the gas reservoir in time which can
slow down the formation pressure drop.However the coefficient of wellbore storage does not affect the type curve at the
pseudo-steady stage which is dominated by the closed outer boundary and is also affected by the desorption function of
absorbed gas.The skin factor affects the transient change of the dimensionless wellbore pressure at the pseudo-steady
flow stage but has little effect on the dimensionless wellbore pressure derivative at the pseudo-steady flow stage.The
linear seepage flow model still satisfies the Duhamel principle and thus the deconvolution technique as a tool can be
used in the production data analysis which can transform the linearized production data according to the definition of
pseudo pressure under variable production rate into the transient pseudo wellbore pressure data under the constant unit
production rate.Then based on both the aforementioned numerical solutions of the constructed seepage flow model and
the analysis results for the sensitivity effects of the main parameters the normalized production data through the decon—
volution treatment can be analyzed through the type curve fitting method for the transient wellbore pressure.As a re—
sult some significant parameters such as the unsteady desorption coefficient representing the desorption ability of the
adsorbed gas in coal beds the permeability of coal beds the skin factor and the radius of the outer boundary can be in—
terpreted. Therefore a systematic method for the production data analysis for a vertical production well of coalbed meth—
ane is presented.Finally the validity and practicability of the type curve analysis method for the production data for a
vertical production well of coalbed methane are verified through the analysis for the actual production data from a verti—
cal well of coalbed methane.Furthermore the model computation is performed by using the data of the interpreted pa—
rameters and then the transient change principle of the contribution of the desorption function of the adsorbed gas to
the wellbore production rate of coalbed methane can be analyzed.lIt is also demonstrated through the formula deduction
that when the seepage flow in the coalbed comes to the stable state the desorption rate of the absorbed gas in the whole
coalbed will be equal to the production rate of the coalbed methane well.

Key words: coalbed methane; desorption of adsorbed gas; deconvolution; production data; type curve analysis

11-14

Langmuir

6-7 . 15
: o Duhamel

o Langmuir

15-18



2017 42

3214
VON SCHROETER " LEVITAN LK MPa; m, .
7 ( LIU Wenchao  2017) ™ . MPa. .
Duhamel 7
_Mo%o 7 p
B ILK 18 m = o fo ,u,de (2)
° P ’ pO 1 M
1319
" Mo 2 :
° Z, o
1
1. 1 e qd za( mc_m) °
a
o r, o
11-14 (
1) 1 pc
Pe Po 9*P 1 oP oP
= ZD e 7]) + aDPD = 7]) 3)
P.=Do ar, Tp orp ot
’ Pyliy-0=0 (4)
I S ST ~p,
13
dPy, 9P,
Hy WL 93 93 A b - =1 (5)
B dtn arp =1
% oP,
Py, =P, - S GT (6)
W _ v
B oP
(=] . =0 (7)
~ or
# D lrp=R,
Ll Ty ity » Py
fERmE—— Shib A e, o S :
1 Pyyp 1 Oy
Fig. 1 Schematics of radial seepage flow of single phase R, °
i 27kh Te
gas in coalbeds Py, = ™ (mg —m,) rp= r R =%
1.2 4B oty r ry
k C Z()pscT
ty = 1 Cy=——> B, =
e 44 ClPoT 2me phr, poT..
=a, ta(m, —m 1 27kh rop
e 101‘—(14 ) v Py = ;T (mg =m) o, == kOBoa ¢ =¢, te,
ay 45 oMo
( Ym'/(m’ k STy s h ,
9 a 11-14 C "m,
MPa 1, my,
( )m3/(MPa'm3's);m Tsc ;psc

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



12 3215
1 q ’ mw N
; Cy ;C, o ap=0
1 c[ 1 €D 1 B()
2
1.3
r Y x=1In rp; o
(3) ~(7) :
a’P, oP,
+ oy Ppe” = —e™ 8
95 pt'p o, (8) .
Py(x tp) ‘1[)=0 0 (9) 103 -
dPy, P, o oxior Co=1,5=10, R=400
v a0 (10) 1L a=2.0x107
D x=0 £ e, =3.0x107
oP gl . e
Py, =P, -S— (11) R P
ax x=0 ~ /—v/"\
P o // \
: =0 (12) 1o s
0% | 2in(r,) HEMER | BRRSIB { ARSI B I
]0-] 1 1 1 L 1 1 1
10° 10 10? 10° 10 10° 10¢ 107
tD
13 20
; 8) ~
(8) 5 w
(12) ‘ o ‘
. . . Fig. 2 Effect of the dimensionless unsteady desorption
P][;I*l - ZPJI;LI + P/];ll’l i+1  2iA ffici
; + a[)Pll)i XA = coetlicient o
( Ax) 3 C
. : D
Pyl =P
B (j=12 - N-1) (13) Cy
At
P). =0 (i=012 - N-1) (14) )
Plgll)_PixD Pjgll_Plgol
D - =1 (15) °
At Ax
pitl _ pitl 10°r
pirl = pitt _ gL Do 16 4,==2.0x107, S=10, R =400
WD DO Ax (16)
Piy = Phy-y (17) D‘: 1ot
i i Al §“«a°
D Ax ‘N . (13) S 100t
. . —C,~0.1
(15) ~(17) j+1 N+2 =10
N+2 L PI(i=0 N R
i+ 102 107 10° 10" 10* 10* 10* 10° 10° 107
NP . o
o rp=e 3 c,
° Fig. 3  Effect of the dimensionless wellbore storage
1.4

ap

coefficient C),

4 S o



3216 2017 42

D aPy( 1)
Py ty) :f qm(ty = 7) dr (19)
0 aT
(19
--.8=10
5=30
s () == [a(r-n 24 (20)
102 —malt) == L=
107107 100 100 10° 10 100 107 10° 107 Mo T e joq' e T
0 m., Py, 1 q, dn
4 S
Fig. 4 Effect of the skin factor S 2.2
2
2.1 Duhamel ’ )
(2)
Duhamel o Du—
(5) hamel (20)
qm (tp)
Pypi( 1) Py (tp) o .
Pwm PWI) i Py, 22
Py gy 5
' IPyp( 7)
Pypi( 1) =f qoi(ty = 7) dr  (18) °
0 T 5 .
S B R b
ARy A L LA H—1k . JE IR 5
= (e & 5B - WESH
5
Fig. 5 Flow chart of the analysis method for the production data of coalbed methane wells
N ILK (—dm,/dt * 1)
( LIU Wenchao 2017) " @
o m,
18 . o
Duhamel
3 23
3.1 N N
6 o
. 18
@
m( ) °
m,, RHP) 3.2
q; 3@ Fruitland

(my—m,)



12 : 3217

X BED) BHX REE FEV) BEH
DEE s 2R(& 2+ +—a
su= suE B
BaTE1 Hour () 50000.000 107
WEME (W) 50.000
AR Hour (WA) 800.000 g 1
EARBETR Hour (BA) 60000.000 g m /
AN MPa (WESHRRLLL | 2.000 3 //"
wEEEm 41.000 iﬁ' - T 11| /
HESEE mD 7.000000¢ +000 3 /
1] 0010 r _\ A
L Wi 107 107 e i 107 107 100
TSR P teotcns A TSRS e
FMEE m 0.100000 t, Hour
P —— 00000 BN RS
smEEC 20000
FrmnTR 16100
FRASTREN 1/MPa X 1.52444
=EET 1.000 .
FHIREEN m3/MPa 1.000000e +001 -
HaRLE m 644.000 N a6
shoRsmEE 2000 H g
sEREASE 10000 B £ e
SERENSE 20000
TR Hour 1.000000e-002 s
#/maT8 Hour 55000.000 o e
P 10000006006, o0 @0 W 4w 00 60000 60 o 000 30000 65000 o000 o i 0000 w000 55000
RAERiHE TEERBRANE HHEBENS GRS THENNIE
= [ |

Fig. 6  Software interface for the analysis of production data of coalbed methane wells

o

8
’ ( 8 )
; ( 9
7 o ) o
3.0 MPa
1.524 44
20 C 16. 1 Lsoa — BRI 7
5 o AL ) A B
41.0 m 1. 0% 0.1 m
i 152440 |
0.6 MPa =
- = 1.52438f
0.0 007 MPa™'. S
15 1.524 36
3.0k sig 18 152434
< &, o {fl‘ﬁﬁ ~
251 ¢ 16 = 1.524 32 : ' . . .
= '\_.- 6 o 1 2 3 4 5 6
=207 LTS £ t/10*h
]ﬁ %.‘ ° 414 =
‘]g 1.5 "gw s = 8
1ot e, e
o Vet o S o127 Fig. 8 Normalized pseudo pressure data fitting in the linear
0.5 %W&Q‘M&m%&% .
P coordinates
T 0
0 1 2 3 4 5 6 7 9 ap =
I i/10°h
0
7
Fig. 7 Production data of flow rate and wellbore pressure
3.2.1
8 .
23
0 6 o

6 ; (720 h)



3218

2017 42

VO™ M 2 w3 AR A £ 95 80 TR 51
o IH—ALIHBUE )2 7 ¥ d
L0 L VB R Y 4 i

107

107

(m,~m.) (=dm_/dt * )yMPa

10*7 1 1 1 1 1 1 ]
102 107" 10° 10! 10% 10° 104 10°
t/h

9

Fig. 9 Type curves fitting of the normalized pseudo pressure

data in the logdog coordinates

10

1

Table 1 Comparison of the parameter interpretation results

8
k/m? 7.0x107"% 10.7x10715
S 1.0 0.5
o Ly k10 ) *
(m® -« (Paem’+s)h) ’
r./m 644 1 000
8 Fetkovich
22
8
1.
1 8 Fetk—
ovich
8 Fetkovich

3.2.2

r r+dr ( 10

) and
m) 2mrhdro Qu

- fr‘)a( m, — m) 2nrhdr

w

dQud:—a(mc—m)anhdr

10
Fig. 10 Schematics for the computation of the desorption rate

of the absorbed gas in the whole coalbed

. ° Qa(l
11 o

1.0
a==1.7x10""m*/(Pa * m’ * s)(¥x)

)

7N

0.6

04 -

0, /(m* + d)(h

02

0 1 2 3 4 5
t/10*h

11
Fig. 11 Transient change of the desorption rate of the

absorbed gas in the whole coalbed
11 q
1.o( )m’/d Q.

o



12

3219

Py
1 9 P
( b D) +aDPD =0
ry dry ary
Py,
Pl
ary =1

Qu =~ jrca( m, — m) 2mrhdr =

(21)
(7)

R

(23)

w

R

(22)

'y

—j apPyrydry =1,
1

(24)

- f eOZDPDderD‘]
1

ary

rp=R,

=1

rp=1

Qad :q’

(23)

(24)

( References) :

I 2010 19( 6) : 37-44.

LIU Yuewu SU Zhongliang FANG Hongbin et al. Review on
CBM desorption/adsorption mechanism J . Well Testing 2010
19( 6) : 37-44.

] 2014 41(5) : 612-617.
MENG Yanjun TANG Dazhen XU Hao et al. Division of coal-
bed methane desorption stages and its significance J . Petroleum

Exploration and Development 2014 41(5) : 612-617.

I : 2013 43( 12) : 1548-1557.
SHI Juntai LI Xiangfang XU Bingxiang et al. Review on
desorption—diffusion{low model of coal-bed methane J . Scien—
tia Sinica Physica Mechanica & Astronomica 2013 43( 12) : 1548—
1557.

SUN Zheng LI Xiangfang SHI Juntai et al. A semi-analytical model
for drainage and desorption area expansion during coal-hed methane
production J .Fuel 2017 204:214-226.
CHENG Yuanping JIANG Haina ZHANG Xiaolei et al. Effects of
coal rank on physicochemical properties of coal and on methane ad-
sorption J .International Journal of Coal Science & Technology
2017 4(2):129-146.
CLARKSON C R BEHMANESH H CHORNEY L.Production data
and pressure transient analysis of Horsehoe Canyon CBM wells Part
II: accounting for dynamic skin R .SPE 148994 2011.
OSMAN M S THWAITES N.The application of well test deconvolu—
tion to wireline formation tester pressure buildup and fall off data to
improve coalbed methane reservoir characterization J . SPE
167764 2014.
CLARKSON C R BUSTIN R M SEIDLE ] P.Production-data analysis
of single-phase( gas) coalbed-methane wells J .SPE 100313 2007.
I
2010 21( 3) : 503-507.



3220

2017 42

ZHANG Peihe.Study of permeability of coal seam based on data well
production in South Qinshui Basin J . Natural Gas Geoscience

2010 21( 3) : 503-507.

J. 2014 39(4) :593-599.
MENG Zhaoping ZHANG Jixing LIU He et al.Productivity model
of CBM wells considering the stress sensitivity and its application
analysis J .Journal of China Coal Society 2014 39( 4) : 593-599.
D .
2013.
OUYANG Weiping.A study of unsteady and non-isothermal flow in
porous coalbed media D .Beijing: Institute of Mechanics Chinese
Academy of Sciences 2013.
LIU Yuewu OUYANG Weiping ZHAO Peihua et al. Numerical
well test for well with finite conductivity vertical fracture in coal—
bed J .Applied Mathematics and Mechanics( English Edition)
2014 35( 6) : 729-740.

2016.

LIU Wenchao.Seepage flow models in unconventional gas reservoirs
and deconvolution methods with applications R .Beijing: Institute
of Mechanics Chinese Academy of Sciences 2016.

WAN Yizhao LIU Yuewu OUYANG Weiping et al.Desorption are—
a and pressure—drop region of wells in a homogeneous coalbed J .
Journal of Natural Gas Science and Engineering 2016 28: 1-14.
VON SCHROETER T HOLLAENDER F GRINGARTEN A C.De-

20

21

22

23

convolution of well test data as a nonlinear total least squares prob—
lem J .SPE Journal 2004 9( 4) :375-390.
LEVITAN M M. Deconvolution of multiwell test data J .SPE
102484 2007.
ILK D VALKO P P BLASINGAME T A.Deconvolution of varia—
ble-rate reservoir-performance data using B-splines J . SPE
95571 2005.
LIU Wenchao LIU Yuewu HAN Guofeng et al. An improved de—
convolution algorithm using B-splines for well-test data analysis in
petroleum engineering J .Journal of Petroleum Science and Engi—
neering 2017 149:306-314.
OSMAN M S THWAITES N.The application of well test deconvolu—
tion to wireline formation tester pressure buildup and falloff data to
improve coalbed methane reservoir characterization J . SPE
167764 2014.
LIU Wenchao LIU Yuewu NIU Congcong et al. A model of un—
steady seepage flow in low-permeable coalbed with moving bounda—
ry in consideration of wellbore storage and skin effect J .Procedia
Engineering 2015 126: 517-521.
( ) M.
2010.

2013.

2016.



