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Case study for identification of polymer flooding front and large channel based on

numerical well testing

DONG Xiaofang
Well Logging Services Branch Company of Daging Oilfield Company Ltd. , PetroChina, Daging, Heilongjiang 163453, China

Abstract: The formation pressure, the sweep range of the polymer and the monitoring of the change of the leading edge are the prob-
lems to be urgently solved in the polymer flooding. According to the percolation characteristics of formation fluids, as well as the multi-
ple physical and chemical phenomena such as polymer viscosity, adsorption and shear thinning, the flow model of oil-water two-phase
four-component polymer flooding was established. The model is based on a non-structural PEBI grid for full implicit numerical solution,
so that a set of numerical test methods for polymer flooding is established. Meanwhile, the corresponding numerical testing interpretation
software is also developed. In order to verify their effectiveness, this paper takes Wells Al and B1 as examples, applies the numerical
well test interpretation results of the pressure recovery test to examine the sweep range of the polymer flooding, the position of front
edge, and the development status of dominant channels between injection-production wells, it is found that the effectiveness is great.
The method was applied in more than 200 wells in the polymer flooding block in Dagqing Oilfield and achieved satisfactory results. These
actual examples show that the polymer flooding numerical testing interpretation software can accurately reflect formation pressure and
fluid percolation conditions, meanwhile, it can also determine the spread of the polymer, the position of the front edge, the distribution
of large pore throat, and the connectivity of wells, so as to provide the basis for optimization and adjustment of production system for
improving enhanced oil recovery.
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Al 5.5 250 0. 30 0.536
A2 6.5 300 0.29 0. 682
A3 4.5 400 0.29 0. 682
A4 6.7 60 0. 30 0. 682
A5 3.2 40 0.27 0. 682
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Table 2 Production data sheet of well group Al

2013 4E5 H 2013410 H 2015 4E 8 A
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/(m3-d7h) /% /(kg-m™) (m?-d™") /% /(kg-m™) /(m3-d7h) /% /(kg-m™)
HpEdk Al 31.7 96. 6 0.988 29.4 98. 1 1. 021 22.9 97.1 1.221
A2 47.1 — 3.508 37.2 — 3. 405 62.4 — 2.115
. A3 9.3 — 3.525 29.8 — 3.417 35.3 — 1.593
A A4 21.9 — 3.545 39.9 — 3.429 53.2 — 1. 463
A5 19.9 — 1.013 21.3 — 1. 000 49.7 — 1.043




F218 H3H

HIGETT < T REU ) SR IR T 215 i AU 22 4513 69

3RS W R I i R R A AR, i) 4
%4 2013 45 H 2013 4F 10 H 2015 42 8 A =
UM HEA 7 3 O AR, S AL 58 U 703 %) =1k
DNAAH: e g RO R0 26 s g s il 48 B ok
KA IR W v R i £ TR I R AT SR 20 Ao
AR TR 0 S TR it TR A Y R ST R I IR R 0]
JBIET1 ARIRSE BB MM ES O
PEAEAR, X 2013 4F 5 7 P30 Hs 1 RO Bl 46T
T3 S 2 B AT SR 1 B S K AR RS R
RHECHEATAUG A3 2013 4 5 H a0 B [l B )=
RIS B ER KAWL B A
LA 2013 4F 5 H fil B4 R OM I #EA T /AL, XT 2013
AF 10 AT et 204, 45 1 2013 45 10 H M=
F 3 RAR RS s fe i FE LA 2013 4F 10 J it B
BRAE R WHMEERAR, XF 2015 4F 8 J kit AT 73
Br A 2015 4F 8 F B 4 J2 1 0 Ko AR DG S 03 A
Tt

iR S U X RS SR A T IE B AL - A A
JE RO B £y sl 28 L S K Rl 2k R A
Py e R 58 G b, B M JZ P33 R
B SIS, 2B ERER S EREH
JEDIE S S AR — 2, B S 25 N 1 R

10? 16

e lof of
=g 101

F102} I

103}

-4
0 1 2 3

p/MPa

— s~

10° l(l)4 l(l)'3 l(l)'Z 1&)—'160 10!
t/d t/d
(a) RO Bt LA K (b) K Jy s 2kl &

1.
1.
0.
0.
= 0.

Jw
O
(o)}
C/(kgm3)
o w o o N W

0 50 100 150 200 250 0 50 100 150 200 250
#d id

(c) FRE LA A1 (d) REPHIELRLAE

1 Al FHZ&MSHRE
Fig.1 Results of curve fitting in Well A1

M1 AT RAZE Y R SR R E Y
I AR RZEA T 10%,

Szt 2013 455 H (2013 4210 H 2015 45 8
H S = iR Bt £ R A W vk B 43 A1 T AR
PR U TE 2 fs

MIEL 2 1] DA R A ] o 300 1 J2= o SR W 4 0
G R ) B e BE A o3 A D, T LA AR ) i
DA A it 3 B P AL

S}

—_

(=}

(a) 20134E5 H (b) 20134E10 ‘ (c)20154E8
B2 Al HAERHPREMRESHE

Fig. 2 Distribution of polymer concentration at
different periods in Well Al

3.2 FETERFERLBSREE

B 2R PR FH R ity T 2R K e ¥k 3
KO A 4 DA, R R
K3 FroR e ek ad e B BL -5 JH B T A
Z AR R B TR AE I N B JCRAE R, DR T 1
FORMIE e 2 A A T el i

®o o -
(O] B2
o @ d’
Bl ®
® ®
L P @

3 Bl #AAME
Fig.3 Well pattern of well group Bl

A 2014 45 6 H AT — OB S, 3R
B IR AR X T 0 R I R A AT A R O3
Bro HuJBTEE AR 58 1S Xk BI TR 3 Uk Eth
2y S 2 A R e B IR G W vk R i £k
TG ST, AR A 20 BT DI A 1l 205 B e
AR PR (8 AT RRAE R A B ] 4 Bz o DA
K 4 sl DU FER O BL S5 B2 Z 4]
TR EHAR = I EEAJER, U] BI JF5 B2 Ji4iE
PG, T BL JF 5 HAR = DURE B AR AE, RN R
1EJF Bl 5 B2 HAFTE B il A .

B
=—(.116

=—0.098
= 0.068

==0.050
=—0.025
=—0.001

4 Bl HARRESHTE
Fig.4 Distribution of total flow in well group B1



70 W24 i

2018 4F 6 H

ARG 7> 45 U B1 5 B2 2 18]
FAERHB OB IE , o T 3 — 29 KRR W IR K

PRBL XS BL I BAR R JZ A0 06T R , B35 5E 5 Bl
I K B2 A IS LA S K 6 TR

B 1165 H64 108

%*’E [ 1067 1057 1067 TTU ]]65 TTUS TO90

B a8 1075 1019 989 985

TE o5 1049 . ‘ ‘ by

==

<111°\° 9 98.05 = 9821 98.03 98.02 98.03
o 98 . 9727

ﬁ&ﬁu 97 97.95 Z 97.98 g

J»%'U 41.77 427 70.6 79.8

ig 55 el 205 342 4 39.2 ‘ :

ms R e

58]
el

201412 201501 201502 201503 201504 201505 201506 201507 201508 201509 201510
G

E 5 Bl HAEr~ik
Fig.5 Production curve of Well B1

<
215
= 10.5 9.7 10
= i 7.6 9 145 14
2 10 56 % =6 113
= 5
18 —~ 99 60 39
<5l G0 X 30 30 5
HE : 3 15
D:{’

201412 201501 201502 201503 201504 201505 201506 201507 201508 201509 201510

A= TR

6 B2 FiFENMZ
Fig.6 Injection curve of Well B2

MPEFAT LA i B B KRR B R ik
JFERRAR, B2 Sl T i TEAR TR, JF B 57 B2
I Z 6] A ICBAE IR 2 A R ]

4 Zit

(1) A YRBUE I J7 vk v LU R 1% 8]
IKBNEE T KN H W b = 3R G W o3 A B B i % AR
A U R ALE PP TR A O R A X

Q)W TREWIMEHE IS L, i
MERER IR R TR K, FE B R AR N A —
MERE . T — 253 R R B O 24 R B B
PRRERE , $2 TR B AR, 52 B 37 1) R T A 4
IR
gt B KR AN HARARERZER > FFANAA =
R4 IR (R4 IR) SALR I o kAT 6035 5 55 4 oh ; A
WP AR FEALITFAABAASR B 93555 L5,

£ % x W

(1] 5RAZ 5 AR T n, SRS, 55 A A R A A il it
T7 i AT [ ]9 5 2R iR, 2002,9(3) : 21
-23.

ZHANG Chuanbao,REN Licheng,ZHANG Dezhi et al. In-
terpretation method and the software development for well

testing used in non-Newtonian power law fluid [ ] ].

Petroleum Geology and Recovery Efficiency,2002,9(3)
21-23.

(2] BRH T it i (A DL ik [ M ] I s A il R 27 R
#1,1989.73-79.

[3] IKOKU C U. Transient flow of non-Newtonian power-law
fluids in porous medium [ C]. SPE 7139,1979.

[4] ODEH A S, YANG H T. Flow of non-Newtonian power-law
fluids through porous medium [ C]. SPE 7150,1979.

[5] VONGVUTHIPORNCHAI S, RAGHAVAN R. Well test a-
nalysis of data dominated by storage and skin: Non-
Newtonian power-law fluids [ C]. SPE 14454 ,1987.

[6] KB, LR, XIPEAR , 45 2 DX A2 5 il Al 4 0

TR T ] A4, 1997,18(2) : 78-82.

SONG Kaoping, ZHU Junfeng, LIU Zejun ei al. Well test

analysis for a compound reservoir with non-Newtonian

power law fluid flow [ J]. Acta Petrolei Sinica, 1997, 18

(2).78-82.

SR R ZE. SR G W R U 2 B IO A AR A A K

ML AT AR, 2007,35(2) :55-58.

WU Minglu, YAO Jun. A streamline based polymer

flooding numerical well testing interpretation model and ap-

plications [ J]. Petroleum Drilling Techniques, 2007, 35

(2):55-58.

(8] Sz, FEmPiE, mHREL, 45, BT R ALK R Y
AWK E Sma iy (3] I, 2012,21(6) :9
-11.

NIE Xiangrong, CHENG Shiqing, GAO Zhaomin et al.

Pressure response in polymer flooding reservoir considering

—
N
[



527 &

5 3 1]

HIGETT < T REU ) SR IR T 215 i AU 22 4513

71

[9

[

inaccessible pore volume [ J]. Well Testing, 2012,21(6) :
9-11.

Wb, FEGEZR, WK, . 3G W IR R L s i il
fiR Rk )] R B 50T % , 2018,37(2) : 130
-134.

ZENG Yang, KANG Xiaodong, XIE Xiaoqing et al. Well-
test interpreting method of the polymer-flooded high-
capacity-channel oil reservoir [ J]. Petroleum Geology &

Oilfield Development in Daqing, 2018,37(2) :130-134.

[10] R¥#E, BmHE, BESE, . BEYIOUZRRE S

[11

[12

[13

[14

[

[

]

[

BRG] BRPERHE R 227 4ie, 2016, 34
(4):110-114.
ZHU Changyu, CHENG Shiqing, TANG Engao ei al.
Pressure transient analysis of crossflow double-layer com-
posite model by polymer flooding[ J]. Journal of Shaanxi
University of Science & Technology ( Natural Science Edi-
tion) , 2016,34(4) .110-114.
GORER, WP, BUBAE, 55 B G Y UKl s
TR SR AR R [T ] DU R Al Rz 23 ( AR
Bl2Eh) , 2016,38(2) :136—-142.
LIANG Guangyao, SHEN Pingping, LIAO Xinwei et al.
Seepage flow and well test model for viscous-elastic
polymer flooding reservoir [ J]. Journal of Southwest Pe-
troleum University ( Science & Technology Edition ),
2016,38(2) :136-142.
PR, R HGEDT , 4. B DA A 0 S Bl
SR EEERT ST L) ] P9 R A il o 4 ( A SRR
i), 2016,38(5) :107-114.
JIA Zhichun, YAN Shu, DONG Xiaofang et al. Numerical
study on the impact of shear thinning behavior in well test
analysis for polymer flooding [ J]. Journal of Southwest
Petroleum University ( Science & Technology Edition ) ,
2016,38(5) :107-114.
HIRTT, SKEHE, i, 55 BEWWEERI ke
T & BRI C 1. 2017 < IR 5 0T & [ b
2, DU AR, 2017 42 9 A 21-22 H.
DONG Xiaofang, ZHANG Xiaohui, YANG Bin ez al. Ap-
plication of numerical well test of polymer flooding model
[C]. the 2017 Field
Exploration and Development Conference in Chengdu , Chi-
na, 21-22 September, 2017.
XEF, 2/, SRR, S5 BUE I Tk I e i (1],
I H S R, 2010,17(5) :65-68.

Presented at International

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

LIU Yaqing, LI Xiaoping, WU Yu et al. Review on nu-
merical well testing methods [ J]. Petroleum Geology and
Recovery Efficiency, 2010,17(5) :65-68.

SR ZUNE. S B AT AR [ M AL 5 3 Tl
H ikt ,2004:89-93.

2RSS R AN AL 3 R T [ M) e 5t B2 R
#1,1996:96-105.

B REN NENC LR SekyL S &g e g Rl
MRS SHLERATFE L) ). Blridd, 1992,37(18) 1713
-1715.

WANG Xinhai, HAN Dakuang, GUO Shangping. Founda-
tion of numerical model and parameter model and applica-
tion study on polymer flooding [ J]. Chinese Science Bul-
letin, 1992,37(18) :1713-1715.

sfh AR, BRSO, . RA IR Z S Bl E T
FEERIIM. JEat: £ Toll Hipkt, 2014 18-27.
XIFE. o W RS WA RO T IR SR s [ M. 45
JIE < v L RL 2 HOR A A, 2010 124-128.
ZHEAE, A SCE. BUE RS SOk IM ] b s A
ol RAE, 2013 57-64.

AEOCH IR, B, S AT AF T PEPT
RAIEFELT ] il 2008,29(5) « 742-746.
ZHA Wenshu, LI Daolun, LU Detang et al. PEBI grid di-
vision in inter-well interference area [ J]. Acta Petrolei
Sinica, 2008,29(5) .742-746.

WA, T ik A5, A R 24 IR T 4 LA 0
T[T ]. Arilaa4i,2001,22(1) :63-66.

XIE Haibing, MA Yuanle, HUAN Guanren et al. Study of
unstructured grids in reservoir numerical simulation [ J].
Acta Petrolei Sinica,2001,22(1) :63-66.

Wostity , A, A SCE . BUEIRIFHOR K UST i fEid
FHRAELT ] imAOF L, 2011,20(4) :5-9.

YANG Jinghai, LI Daolun,ZHA Wenshu et al. Numerical
well testing technology and software of UST numerical well

test [ J]. Well Testing,2011,20(4) :5-9.

Bt 2 EZ

F—EEB ML, &, 1979 4F A, T ARG, 2004 4F 5
A R e R R T M A Vo8 YN S W 7 2 v
W5 TAE. HLiE: 0459 - 5576175, 13936882669 ; Email ; dlts _
dongxf@ petrochina.com, Huhk: 28I VT4 K PR TT L B X 7
Mt 4 =, B SR . 163453,



	页面 66.pdf
	页面 67.pdf
	页面 68.pdf
	页面 69.pdf
	页面 70.pdf
	页面 71.pdf

