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Research on a new combination method of production decline analysis for tight oil: Cases
study of Mahu tight reservoir

LIU Wenfeng', ZHANG Xuyang', SHENG Shuyao’, WANG Kang', DUAN Yonggang’, WEI Mingqiang’

(1. Baikouquan Oil Production Plant, PetroChina Xinjiang Oilfield Company, Karamay, Xinjiang 834000, China;
2. School of Petroleum Engineering, Southwest Petroleum University, Chengdu, Sichuan 610500, China)

Abstract: In the tight reservoir like mahu with strong heterogeneity, large differences in the productivity of oil wells and obvious
differences in the decline characteristics, the production decline analysis and prediction have important guiding significance to the
management of oil well production system and the preparation and optimization of oil field development plan, and are also an
important part of reservoir performance analysis. However, the traditional empirical decline models used today, such as the Arps
production decline model, power law exponential decline model, Valké extended exponential decline model, and Duong decline
model, have different applicability. When using these methods to fit the production data of the fractured horizontal wells in the
Mahu tight reservoir, the accuracy of the fitted results is low. Therefore, a new method of combination that uses different models for
fitting in stages based on the model fitting results of Mahu oil wells in different stages is explored, and the examples are applied to
verify it in this block. The research results show that this new method has lower error rate and higher degree of agreement than the
traditional ones. In addition, by using this method, the prediction results of Estimated Ultimate Recovery (EUR) for the tight oil
wells in Mahu reservoir are more accurate, and the method is highly feasible, which can be used as a reference for the research on
the production decline law and the productivity prediction of other similar tight oil reservoirs.
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Table 1 Empirical production decline analysis methods for oil wells
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Fig. 1  Comparison of fitted production data and actual data of multiple decline models of a low/high production well in Mahu area
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Table 2 Fitting effects of multiple decline models for a 2 @yﬁ%ﬁgﬂ/a\jtﬁﬂﬁ%%
low/high production well in Mahu area
ST 21 FASERBMIREY
I ALY 7 I SIS

Wi Em M S 3Rk 6 Tl AR A T R AR A AU G s S BR
Arps BUMEMER i€ wid e e TR, JE R th TR T AR SRR B R
PFVRIGIIEA AR R g e T 0 BRSBTS AR R PR
e a e e AR RA LA B A R

MR ASEGE IR wa e v o —— R BRI o B AL LR A 1) S A E BT,
7 Duong 3% Il AR A fiw e s e X T~ B 30 I A, A DA )2 T )




914 RUBYE = & T Vs - 0t 3/ W [ AN W RPN T

2021 4F
F1LE el

LA ) 0% 8 A 191

87 B 2 00 e A A Bl R A e M TR B B
JE B AR A B B P PR (n=1/2)
AL (n=1/4) BT i3 50 (1) R AEATHIR,

q=qt" (1)
T R A= W AT R
N, akAhrp— (2)
A
q _(1-n)
N (3)

T A, Al — A H RS 2RUE R
Lt A 7 s ) 22 ) 5 28 R s B0 T R 2K
I REER I BIIRAS «

q
N

K (D)= g B8t g, M 0TER H P28t
N R R R A G o B IS AR K O A I ] d
m TR

i i e X AR N (4) AT 22 g 5 N K
FMZR, G a4 i, RO B > R A% 4 320 3l
SR TGV 3 D N/ T DR o8 A1 1 W B e s AN |

1

=at™ (4)

T B (BB e i)™,

PRI 07 X6 ANt -5 320 54 T T 1 B B 4 il
FHAS ) 8 326 DA B0 A= P B AT 0 o B R R
H IR 30 S 0 IR 8] SR AR A e R A G T ik i I T
S BV I g/ N5 I E] A% 5 2R BT 34 49 R AR D i
P Y 1] (P 2) o I 2500 BT L&
AL ) 20 P B) 39 s A 7 (I BB T 4

LEG RV EEE TR P : Arps KU 38 DA 7L G
R AR E I B BEHEAT 0 BT 5 TR A 0 Ja
OF T A 77 I T e ) S IS 02 1 T 5 4 1 Valko
PR F B0 DS R RO IS 7 S 2 Hh BRI A
i A 149 45 2R , 10 Duong jéf WA R ) 25 4 90 O 1= 19
4R

PR, AR R 20 6 AR R DL 5 15 00 B 20 T
(] 75 AU A T, R I S T D ) S0 i
DXCERAR ™ 5 a7 B 205 i AR B8 5 A
Ha " G I TR] Y 7R A I TR 193 d AL, 26T ok
HERE AL 326 9 AR Y (18] 3a) 5 i 7 HLAL A3 BT b
JE7 A A B R SR AR PR ] 157 dAb S Y e
Duong+ - FE A (K] 3b) o

1

0.1

A

0.01

q/N

0.001 ¥=2.567 1x-1301
R*=0.9767

0.000 1 L L
1 10 100 1000

HE PRI Tl (d)
b. b

P2 LI DR 7 I g/ N -6 5

Fig. 2 ¢/N~tlog plot of a low/high production well in Mahu area

0.1
= 001
)
y=2.797 4x°1323
0.001 R2=0.9658
0.000 1 ) ) )
1 10 100 1000
LR Al (d)
a. a#
60 ; 29 000
—8 000
7000
L 6000
4 “E 45000 ﬂmj
! 4000
g B
e 3000
o R 42000
- R L)
' o »@%ﬁ‘n%@%‘%&- 1 000
1 :| 1 ’ I L) 0
0 100 200 300 400 500
LRI T (d)
a.adf

“or 435000
120 430000
100 B 425 000
2 soi : - Ebeng 7420 000 S
= ' —ry ngy. L
o % Rt i s g
L oeof 4 ds B -1500031;i
\ — T e
40 F AKae" — R i 410 000
H o "‘.'7, mc%—%ﬁfﬂé}v}; FEE
whf NS g, 15 000
M| 1 1 1 0
0 200 400 600 800 1000
AR T (d)
b. bJf

F3 LI DR BT 45 R DL 5 AR X e

Fig. 3 Comparison of fitting effects of new combined model of a characteristic well in Mahu area



2021 4F
F1E Hol

RUBYE = T Vi ot 2 WA TN W R e

VL) 5 i A 151 915

S S SRE , T2 A AR A X T R X B A
PEIF LS R TT IE A I R RS SR R
PR REU S UENZOT A S R T R vk

2.2 FEEEURTRN

FE A A = e 3 A X Y 3h A A5, S
ISR A =R PR i, I LA R T & &
HEAT BT RIRRE , T 48 Sl R AR &, B R
KA o B, X vl F A 5 fe Ak it iR AT
DR B TAENE . FEUEW] Tzl & ik
5 SEBR B G S5 RO A G B Bl T R 2R
B 7 TR B i) SO R RS X B RRAE I a 5 b
1715 aly EUR T, a HF 15 a EUR{E M 2.25%10% t,b -
15 af EURE A 4.45%10% to Hrdl G456 2 Wil EUR
S5 5 A NI & Ui Z R 4 G 28 50 33 s

SE 2 T
3 4

1) i 1A 2 22 6 X3t DB e A 35 ) B30 i
T A 7 BAR AT AR W 2 [, ek R B R AU &
HOR o P, RR T — MR AN ) 2R 7 By B e 5 A
(RIS g 43 R TR

2) T B DX HRAR ™ B 2 SO R+ XL
(PSR CRIVED S S R i o s+ 1 N b
Duong+P BEREHE "B . SCEIUE TR 4L G 05 U5
LRGSR A BT I

3) (EHTEr A5 J7 20 3 X Py AR B 15
a i EUR ZEATF0 , B0 45 5% 55 B AR B W 5
AR

4) BB IX BB 15 a 19 EUR B 32 223+
E i iREw RPN N ER DE e i MR R E et vy il (S|
BN IR B2 A A A D5 AT i — 2R R

2 % 3k
(1] PFPVESC, AR R, ST H L 55 B I B0 R T K AR

JEZLH AR R R 5 S BRI P 1 7 4R, 2019, 24(2)

241-249.

XU Jiangwen, LI Jianmin, WU Yuanyue, et al. Exploration and

practice of volume fracturing technology in horizontal well of

Mahu  tight China

Exploration, 2019, 24(2): 241-249.

(2] PF Ll ERAm Pt R BIE . )2 AR 34 B il I ORI 5

WE[J]. WEERH AU, 2007, 14(5) : 29-31.

XU Jianhong, QIAN Lidan, Kuerban. Influence of reservoir

heterogeneity on oilfield development effectiveness[J]. Fault—

conglomerate reservoirs[J]. Petroleum

3]

[5]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Block Oil & Gas Field, 2007, 14(5): 29-31.

AT, I, EARAE, A IR A O R BT A B R
FPRA S TS PEN . A S8 5T, 2020, 42(1) :53-59.
PENG Jinning, QIU Qi, WANG Dongyan, et al .Occurrence and
recoverability of tight oil in Paleogene Funing Formation, Subei
Basin[J]. Petroleum Geology & Experiment, 2020, 42(1): 53-59.
FEYEE  hARIE SRR S SR 2 1 A R 10 i 2R SN
Mo X 6 B0 Il i )2 OWARAE 5 & b PR L. A il 5296 M I
2019,41(3):390-397.

CUI Weilan, HAN Huafeng, ZHANG Yong, et al. Microscopic
characteristics and oil content of Chang 6 tight sandstone
reservoirs in Lijiachengze area, Jingbian Oil Field, Ordos Basin
[J]. Petroleum Geology & Experiment, 2019, 41(3): 390-397.
ARNOLD R, ANDERSON R. Preliminary report on Coalinga
Oil District, Fresno and Kings Counties, California[J]. United
States Geological Survey Bulletin, 1908, 357: 79-80.

ARPS J J. Analysis of decline curves|[J]. Transactions of the
American Institute of Mining, Metallurgical and Petroleum
Engineers, 1945, 160: 228-247.

S A AT R LRIV, JE 5 45 0 Tl
#t,1996:173-193.

TONG Xiaohua, KUANG Jianchao. Foundation of oil and gas
reservoir engineering[M]. Beijing: Petroleum Industry Press,
1996: 173-193.

BRIGT . ] LA KOTIBITOB 23 2L H R I, A )48 45 7
K,1991,18(1) :56-61.

CHEN Yuanqian. Generalized KOPATOV’ s Formula and its
Application[J]. Petroleum Exploration and Development, 1991,
18(1): 56-61.

FETKOVICH M J. Decline curve analysis using type curves|J].
Journal of Petroleum Technology, 1980, 32(6): 1065-1077.
BLASINGAME T A, JOHNSTON J L, LEE W J. Type—curve
analysis using the pressure integral method[C]/ Paper SPE-
18799-MS presented at the SPE California Regional Meeting,
Bakersfield, California, USA, April 5-7, 1989.

BLASINGAME T A, MCCRAY T L, LEE W J. Decline curve
analysis for variable pressure drop/variable flowrate systems
[C)// Paper SPE-21513-MS presented at the Gas Technology
Symposium, Houston, Texas, USA, January 22-24, 1991.
MATTAR L, MCNEIL R. The "flowing" gas material balance[J].
Journal of Canadian Petroleum Technology, 1998, 37 (2):
52-55.

AGARWAL R G, GARDNER D C, KLEINSTEIBER S W, et al.
Analyzing well production data using combined type curve and
decline curve analysis concepts[J]. SPE Reservoir Evaluation &
Engineering, 1999, 2(5): 478-486.

XIGERE AR, 2O AR, 45 A e 3 AR I
I HHIT] AR T, 2010,30(5) :50-54.

LIU Xiaohua, ZOU Chunmei, JIANG Yandong, et al. Theory
and application of modern production decline analysis[J].
Natural Gas Industry, 2010, 30(5): 50-54.

TR, A, IR, 45 TUA SRZ I 8 0 A AT 1
BIFFEBLARTIT. 2 ¢, 2018, 23(1) : 109-116.

YU Rongze, JIANG Wei, ZHANG Xiaowei, et al. A review of
empirical production decline analysis methods for shale gas
reservoir]J]. China Petroleum Exploration, 2018, 23(1): 109-116.
HRUIER , WIACAR , 28 FUAE RS i BT 2R K O 7 4k i



916

X SCRE A5 B0 i

b IR S TR T

2021 4F

VL L) T 350 i e A 451) F11E He

[17]

[18]

[19]

[20]

BRI, A1 2747, 2012, 33(2) : 269-273.

HAO Minggiang, HU Yongle, LI Fanhua. Production decline
laws of fractured horizontal wells in ultra~low permeability
reservoirs|J]. Acta Petrolei Sinica, 2012, 33(2): 269-273.
PRERS , B SRS, 45 Ol AT 7 e T A
TR AT AR AL, 2019, 6(3) :48-57.

CHEN Jingsong, CAO Jianzhi, HAN Hongbao, et al. Adapt-
ability analysis of commonly used production prediction models
for shale oil and gas well[J]. Unconventional Oil & Gas, 2019, 6
(3):48-57.

ILK D, PEREGO A D, RUSHING J A, et al. Integrating
multiple production analysis techniques to assess tight gas sand
reserves: Defining a new paradigm for industry best practices
[C)// Paper SPE-114947-MS presented at the CIPC/SPE Gas
Technology Symposium 2008  Joint
Alberta, Canada, June 16—19, 2008.
ILK D, RUSHING J A, PEREGO A D, et al. Exponential vs.
hyperbolic decline in tight gas sands: understanding the origin

Conference, Calgary,

decline
curves[C]// Paper SPE-116731-MS presented at the SPE
Exhibition,

AT . . )
and implications for reserve estimates using Arps

Technical Conference and

Annual
Colorado, USA, September 21-24, 2008.

MATTAR L, MOGHADAM S. Modified power law exponential
decline for tight gas[C]// Paper PETSOC-2009-198 presented
at the Canadian International Petroleum Conference, Calgary,

Alberta, Canada, June 16—18, 2009.

Denver,

[21]

[22]

[23]

[24]

[25]

VALKO P P. Assigning value to stimulation in the Barnett
shale: a simultaneous analysis of 7000 plus production histories
and well completion records[C]// Paper SPE-119369-MS
presented at the SPE Hydraulic
Conference, The Woodlands, Texas, USA, January 19-21, 2009.
DUONG A N. Rate Decline analysis for fracture dominated
shale Part2[J]. SPE Reservoir
Engineering, 2011, 14(3): 377-387.

R, R, A, A TN DU ST N
2248 T 7 BT, 5 Rl U, 2019, 26(3) : 74-78.

LI Haitao, WANG Ke, BU Chengzhong, et al. Empirical Method
Analysis of Individual Well Production and EUR Forecast in
Shale Gas Reservoir|J]. Special Oil & Gas Reservoirs, 2019, 26
(3): 74-78.

DUONG A N. An unconventional rate decline approach for tight
and fracture—dominated gas wells[C]/ Paper SPE-137748-MS

presented at the Canadian Unconventional Resources and

Fracturing Technology

reservoirs: Evaluation &

A

International Petroleum Conference, Calgary, Alberta, Canada,
October 19-21, 2010.

YU S Y, JIANG Z X, LEE W ], et al. Reconciling empirical
methods for reliable EUR and production profile forecasts of
horizontal wells in tight/shale reservoirs[C]// Paper SPE-
189802-MS presented at the SPE Canada Unconventional
Resources Conference, Calgary, Alberta, Canada, March 13-
14, 2018.

(shit M)

(E#%9107R)

[11]

[12]

[13]

[14]

[15]

[16]

[17]

CLOSMANN P J. Aquifer model for fissured reservoirs[J].
Society of Petroleum Engineers Journal, 1975, 10(5): 385-398.
ABDASSAH D, ERSHAGHI 1. Triple-porosity systems for
representing naturally fractured reservoirs[J]. SPE Formation
Evaluation, 1986, 1(2): 113-127.

FERNANDO R, VICTOR A O, HEBER C L. Well test
characterization of small and large—scale secondary porosity in
naturally fractured reservoirs[J]. SPE Journal, 2004, 18 (4):
193-202.

SKICE, FHF 55RO R TR R A AR OB 2O O A
WEFEL)] A5, 2020, 27(3) :93-98.

ZHANG Wenchang, WANG Haitao. Fractured Well Test Model
of Carbonate Reef Gas Reservoir with Weak Bottom—Aquifer [J].
Special Oil & Gas Reservoirs, 2020, 27(3): 93-98.

A, S 2R, A L AR TG SRR SRS S A T
FHIRIE17 ME[J IO A 5 7% ,2019,40(4) :355-374.
DU Xin, LU Zhiwei,

analysis of the fractured vuggy reservoir model coupling oil flow

LI Dongmei, et al. Pressure transient
and wave propagation[J]. Applied Mathematics and Mechanics,
2019, 40(4): 355-374.

2y, Wi, IR = EA B
HI(T]. Wi HLih A ,2017,24(1) : 63-68.
MA Kuigian, GAO Yihua, SUN Zhaobo. Well test model of
triple media composite reservoir based on elliptic flow[J]. Fault

- Block Oil & Gas Field, 2017, 24(1): 63-68.
BRUR, SRR WRAR A . 5 HUR M v 7% 2 SO 2 4% |

B T SRR 59 3 X A

[18]

[19]

[20]

[21]

L =E A8 G BT R HLBL). KR SRR A
2019,30(12):1684—1693.

WEI Cong, ZHANG Chengze, CHEN Dong, et al. Seepage
characteristics and development mechanism characterized by
faults—fracture—pores "triple medium" in Keshen 2 gas
reservoirs, Tarim Basin[J]. Natural Gas Geoscience, 2019, 30
(12): 1684-1693.

X BRSCSE , RS, 45 L BT S I D o 1l 2 B H U A bR
RARACBEIHIL AT LI, 2020, 48(7) : 19-24.

LIU Biao, HE Wenhao, LI Shuowen, et al. Optimization of
particle sizes of plugging materials for sandstone formations|J].
China Petroleum Machinery, 2020, 48(7): 19-24.

B BOR A AR R B E BR R AR g
IR NI, DA 2 BE 74T, 2012, 36(2) : 86-90.
LUO Erhui, HU Yongle, WANG Lei, et al. Production decline
curve analysis of fracture—cavity carbonate reservoirs with low
permeability[J]. Jouranl of Daqing Petroleum Institute, 2012, 36
(2): 86-90.

AL-HUSSAINY R, RAMEY H J, CRAWFORD P B. The flow
of real gases through porous medialJ]. Journal of Petroleum
Technology, 1966, 18(5): 624-636.

VBRI B 4 3 A3 77k S ML st A7
Tl AR A, 2013,

SUN Hedong. Advanced production decline analysis and
application|M]. Beijing: Petroleum Industry Press, 2013.

(miF wHk)





