2015 4 % 39 A P E G K FFIR(ARFFER) Vol.39  No.4

% 4 Journal of China University of Petroleum Aug. 2015
XEHS :1673-5005(2015)04-0126-05 doi:10.3969/]. issn. 1673-5005. 2015. 04. 017

IG5 1 T 5 2 W 3R 3 0 7 B BE T 5

ERE, THES, 1 F, #xAH, K #H, & &
(F B B IR LRI, L% 100083)

ZE R T AR B R S W A8 T S 3l ) B BEREAIE A K 3RS 21 T Bk B R 8 Oy vk,
JE 28 - BIE B AE FEREANES & R RHZ B B R AR R BT T AR S &A% )Z G WS il 7e e A
fifi b T AL MRS R BIS AL RAE RS WS S 6 S R AW IKAE R B R R SRR FE 288
HRGLEE AR . GERR BAE )25 8 AR A RRAR LR 22 30 B2 (9 48 O A [R)08 D B2 R 5 W Bk 14 35 i BEL
B R TR BE IR SRS B Rt e AR LN T A RAE M) 5 ks, ELIREE 682 15 18 PR AR R 28 0 B 0 DRl i FE o
1%, RA W IRAE LM i R B A R S XA TN X LS i R ZR R 18 T X 5 B A

KEEIR AREBE; BV, BB R, 5, RIE; KR

HESES . TE 312 X HRFRREG : A

SR EAUE, TUbl X, 48, RS EMECR G WIRE s DR EERESE [1]. T EAh R4 . A RFHE,
2015,39(4) :126-130.

WANG Youqi, YU Hongmin, LIU Ping, et al. Start-up pressure gradient of polymer flooding in low permeability reservoirs
[J]. Journal of China University of Petroleum ( Edition of Natural Science) , 2015,39(4) :126-130.

Start-up pressure gradient of polymer flooding in low
permeability reservoirs

WANG Youqi, YU Hongmin, LIU Ping, XU Guanli, ZHANG Li, NIE Jun

( Petroleum Exploration & Production Research Institute, SINOPEC, Beijing 100083, China)

Abstract : Polymer flooding experiments are conducted using cores with different permeability and polymer solutions with differ-
ent viscosity, in order to study the flow behavior in porous media and the characteristics of the start-up pressure gradient for
polymer injection in oil reservoirs with low permeability. A combined method of differential pressure via flow rate and capillary
equilibrium was used in the core flooding experiments. Based on the theory of nonlinear flow in porous media, the start-up pres-
sure gradient for polymer flooding was characterized quantitatively, and was correlated with the non-linear flow coefficient, the
viscosity of polymer solution, the permeability of the core and fluid's mobility. A flow chart of polymer flow in low permeability
reservoirs has been figured out. The results show that the flow resistance and the start-up pressure gradient increase with the
decrease of core permeability and the increase of polymer viscosity. The flow behavior of polymer solutions in porous media can
be well described using the nonlinear characterization method, and the nonlinear flow coefficient increases with the decrease of
core's permeability and the fluid mobility, and it increases with the increase of polymer viscosity. The flow chart can give a
quantitative description of different flow regions, such as no-flow zones, non-linear and quasi-linear flow zones.
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Fig.1 Non-darcy seepage characteristics

of low permeability reservoirs
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Table 1 Basic parameters of polymer seepage experiments

G BER BRAUEE W Gin” G/
5 k/107 pm?>  (mPa - s) (MPa - em™) (MPa - em™)
1 23 1.6 0. 00240 0. 00996
2 23 2.9 0.003 89 0.01545
3 39 1.6 0.00212 0. 00624
4 39 2.9 0. 00287 0. 00872
5 52 1.6 0. 001 68 0.00516
6 52 2.9 0. 001 80 0.00579
7 52 5.0 0.00231 0. 007 94
8 59 1.6 0.00252 0.007 03
9 70 1.6 0.00102 0. 00240
10 70 2.9 0. 001 55 0. 004 34
11 70 5.0 0.00278 0. 00628
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Fig.2 Polymer flooding seepage curves
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Fig.3 Polymer flooding seepage curves

3 RAVEBIENHESEURIE

3.1 AF&RMERIERZE

H TR AR I R AW WA A B BUE
B, SR B B A E L B s 57
WL B AEIA P SRR ) AL A L R AR R
FUEIEREL N, ST R AW IRB i th b i E bl &
fiE . AT HA DR %R R I T S iR
B, L SR BB I U 218 T I 21, 5
INVEB B A/ NG S BB BERRE . B IE AR
KXH

_K 4
v_,u 7 N . (1)
a o Ap .
N YA L A L(Ap L) L = B o)
1
0, T<(a+ﬁ).
G, =a+B. (3)

K, Ap/L HE B E ;o B HAELMEB W A 5L,
LGB R LIRS, a>0,8<0, (a+B) =0,

R R, R AR R AR T R G 8 WMh £&
(W) G AR BE BT (FHOCRECH 0. 94 ~0.98) AT LU
HRAE IR A YUK B i 2R AE
3.2 BIEASEIELERIE
3.2.1 ELEMRBRAKERAZAFEEELLR

ZERRFE W, AR PE (1) a5 E R
LB A o B, HILE T HS5EKRFEN LR
W 4, LA k=52%x10"" pm® A0, B A R B E Y
FEAR, R BV IKAEL B W R o W/, HARL M
BWAL BB EA BRI, [RIFE, 78 b fi
JRBER T W EA LR,

160

=
D
(=]

FLEBRAY «
g

k=52X 10 un?

'S
(=]

0

0 2.\0 41 0 6.‘0
REWEREE p/ (wPa- 5)
B4 FRUERABMSHRFEXR
Fig.4 Relationship between non-linear seepage
coefficient and viscosity
3.2.2 FL&MBRABEMELSEFINX A
FIEMH R B BEARRE E T AR B AR
Wa B HHMZBERNLR(KES), IRV E
BYIR R AR B #2588 R AR, R AWK
AELRNEB U AR RL o WK ARL B i R B B[ A
MBI,

450

FAHBR R o«
5 5§ &

<D
(=]
T

0 20 40 60 810
BERE/10°wn?
E5 EUERFBEBEESEEXR
Fig.5 Relationship between non-linear seepage

coefficient and permeability

3.2.3 FHBBAAKSAEZNXER

LA IEIR R B E AR R B B RN, g
TIREMBRABEREN LR (K 6), HIEE
W], B 3RS WD R, SRS IR I AR A B
EN Q@ AVIDESE: bt

RAGAE LRI ARG W R S R M4, g
TP Z AR R RO AR B A D R IR B TR
Rtk AT 2

Ka -0.62
@,=893.19| —“| . (4)
P

K -0.619
B, =-888. 82(““) . (5)
P

FIELMEB R A SR LR (K 6) H1F
TEE A (17.89x107 wm’/(mPa - s)) . i EMK
F U0 S BEE I PG, AR M3 i AR Bl 1



$39% %4

FAER,F MRS EHBESWIRBHENNEFR <129 .

mn, FECREWEA WM, ARG LA R
BB, REWIR RO LR AR Y
fEIZBERILT 10x107° wm® i, BRAWEE IR
PR BIBEE AT S R AWK,

700

FAHBRRE
g £

—
(=3
(=}

0 40 80 120 160
FiBE/ (10°um? - mPat-s™)

E6 IFEMERAEHMSREXR
Fig. 6 Relationship between non-linear

seepage coefficient and mobility

3.3 RNBHENBEMIGRIREENERE
WRYEIRE YR SR B R AR (R 1),
3%t fie /N IR B Hs 0 R R 57 T e 38 45 U
I8, BEFERIA , /N S TR Il B
B s B R 5 AL R 2 TR B A R RO R
/MRS RIS R R R RN

G, =6. 5319(5‘]' . (6)
Il 3 SR IR B S R e R RoR A
GmaX:1.2733(f“j_' . (7)

4 REFMBERESWSRASHIE

FIFHZC(6)  (7) 4 AR B B /N a 3h
J 30 RN SR P T B 5 0 B I G R TR B 45
1 I A FAR B B2 R A YRR LRR,
AR REYIRE AR N (2.0 ~44.6) x107 pum’/
(mPa -« s) , B AT 72 SO0 B0 A A rf 2 IR 2 325 T i
REWBmASHIEIE M (E 7).

B S A AT B X AR MRS i X AL v 5
WX 35y, BT h A LA TAT, iR B E R
WK REVRAFEB/N AEL B R B AE .
TZEURBBEZE R EYIRAIE HB S R AR R
B PR ZR 0 () PR , 2 LRI I 8 5 R UK
IR &R A /N

FESZBRh B A = o 2 DA — 7= A e
HESS 1 BB BT, B R 6 B 72 i 0 n L A1
BHZENRAB S BARSIX LB HRKX

(ARG FENIX) MBI IX (58l X) 3 g
T, IR, E A2 B R KA
B RS T B BE , n] LI AR AR B Ak
MBI A X 3 A DX E Ak, s g
THHCR A Y98 A8 TR AL TR

10 ¢
P BT
N
§ RRFE
R
g 01 o Be/NRBNIE SRR
g o BN IE SRR
0.01

10 100
IS/ (10°pn - mPa’-s71)

E7 (REEmBRS YIRS RRSH W E R
Fig.7 Seepage flow chart of polymer flooding

—

in low permeability reservoirs

5 & i

(1) 32 B RS it 3R & W 3R R 3 s 0 B
EME RN, EMRBREE T, =8 ER
(1 e AR AR 2R 00 2 6 A, 2R W K s g e JRE 9 34
R TR AW R A E Al

(2) HAE )2 15 15 A AR MR 28 30 8 00 R el
FEREAR SR WK e/ NE SR I RBJE AR A
FRIIO, B R TR A0 89K SKE 3% )

(3) AL IR R AL T AR K /N B T8
JEE i B RS Bl s 8 R R R A A 5 AR B i Y
M2 R A W0 T A I W B R 25 18 8 3l s
TR L TR W K SO S I b L A S I 1K
P

SEWK:

(1] MAIRSS Al st 45, KU R -3 —on A UK

FALEBESE (1], BHEH0R 5 T, 2013,34 (13)
10292-10294.
CONG Sunan, YANG Ye, GAO Yan, et al. The study of
surface/polymer flooding seepage flow's law in Dagang
Oilfield [ J]. Science Technology and Engineering,
2013,34(13) :10292-10294.

[2] B, £, ERL KB E S s 3 &
SRR T [ T]. AR 5T & ,2002,29(2)
86-89.

LU Chengyuan, WANG Jian, SUN Zhigang. An experi-

mental study on starting pressure gradient of fluids flow in



- 130 -

T E G HKFFIR(ERAFR)

2015 8 A

(3]

(4]

(5]

low permeability sandstone porous media [J]. Petroleum
Exploration and Development, 2002,29(2) :86-89.
ZRFSY B XA, A — i E RS RS 3
VLR R N R ORI PN o Sl = B R T
2008,32(1) :68-70.

LI Aifen,ZHANG Shaohui, LIU Min, et al. A new method
of measuring staring pressure for low permeability reser-
voir[ J]. Journal of China University of Petroleum ( Edi-
tion of Natural Science) , 2008,32(1) :68-70.

ZeFi b, AT AR BRI LR 8 U B e S B
BHUEORIM . US4l Toll At , 2010 :26-42.
W, TR AL, X e, AR B B IR RS Y IKE
AR B ISR BT T [ )], R R AT il L B 5
JF k& ,2005 ,24(5) :71-73.

CAO Ruibo, DING Zhihong, LIU Hailong, et al. Experi-

(6]

(7]

mental research on permeability limits and displacement
characteristics of polymer flooding in low permeability oil
layers[ J ]. Petroleum Geology & Oilfield Development in
Daqing,2005,24(5) :71-73.

INGIRE 1 5. AR B A BT A BOR  DUBEF i
LML ALsT A Toll R, 2008 :20-26.
SRR, BB 2, A SCH, 25 I8 8 EGS A 30
FEBBBEREE[I]. BRI BE, 2012, 10 (1) : 64-
66.

PENG Chunyang, OUYANG Yunli, KE Wenli, et al.
The study of actuating pressure gradient of the fluid flow
in low permeable reservoir [ J]. Petroleum Geophysics,
2012,10(1) :64-66.

(%% HERE)



