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Fig.1 Flooding experiment with the 30 m sand packed model (sampling points are decided by concrete experiment)
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Table 1 Distribution of sampling points

P55 RFERBEA DR /m  SRAEFE R LR LA /%
1 0.44 1.47
2 1.28 4.27
3 5.54 18.47
4 6.73 22.43
5 8.93 29.77
6 10.64 35.47
7 12.52 41.73
8 14.79 49.30
9 16.81 56.03
10 2174 72.47
11 2681 89.37
12 2936 97.87

[£). Physica MCR301 %[ It 21 (Anton Paar, HLHh
Fly. BICELEETE . UV2000 485k — AT UL ARG B
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BB R VE AR 0.4 mL/min, 3 0 36R
WK, ST RRA KM, ZJEE0)5m 10 do

QAT /AKIRIN LR, HEKHEEE 0.4 mL/min, EH
F 3 55 7K 3R 5 98%

WIE—ROKERZ S5, LA 0.4 mL/min F3 A RS
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Table 2 Parameters of the model and the recovery efficiency

YIEBOT IR, TEEARIA 1.0 PV I T4 R AL Sl e ke
i, BESFESY 15 mLs 4 50 R VAR A 20
FE. BREVWEMSTE,

AR S AR T

O HIAR R R THI  6 3, A% Ry BY Uk %
7.34 57", MR R 45 C,

QHIVEN; — BUCES I A Pk i 1S,

QBRAEY T H LB LN 2 19,

(3) A IR S

HRE RAT 1 45 FE S A TR R A W4 T Tk
DABRA A A TR) 5—F£2 5 43 K ik 38 TR s TR e T, o) 959
RFIZH E AR ARG, VL FH AR
A3 SN 22 T A B RE A R AR RS iR . AR [R] L 1 T
RERN 2 B KR A O 2l AR S X R BRI
HFE 0 S AR FLZE B B R Al —30, 1R
FEHPETE IR S IR R TR, DA R AR5 5
T 2 VA VR 1) it A R AR

¥ IR 1 35 AR e e s, ff B ol K
RV A A D IR, R R R A,

Q¥ R Ge I as 2 h, DL 0.4 mL/min (4 37 33 10 A
MoK, DU AR AR FL U ROKAHIB B I R 3
VRSERY 1 AR 0.4 mL/min, 73 H 1036 R BN
Tk, BSLERAUKINAE, ZJE &L 48 ho

QAT AKIRIM L, HEKHE 0.4 mL/min, ZH
F it 2 7K 3355 98%,

@FE—KIRZ )5, LA 0.4 mL/min (15 JF 3% 22 1
ARG N =B, EEN DA
IR IFE 45 CHEIRIET T,

2 gERER

21 REMBERERMIEREENEL

30 m KRR op 3R A IR A SR 46 SR AN 2 2 BT
N, TEALOPVEAEY, 7E/KIRIER 4 & R IR
23.7%. EIRE AR BOKE A% (1200 mg/L), HIE
A (1.0 PVYAEH my, HARUCY—4E 5, ANFEAEF
TR B L SR DO i, PR e 2 SR P LU

AR 1.0 PV, HE BT AR RS YRR

FLEAR fem® SLBE /% KINBER/107wm® WA AR /% KHCRICE /% REWHRBCR /% RARWCE %
4287 29.1 815 68.5 43.8 23.7 67.5




136

FIMELEER  20174FE3 H 2 & 1)

BIENI G 2R i, I G fs s fLBRas (6], RS
TR 12 DRAE TR bR AR, ISR G Y fE
BEIZFEBE RS RY AL M. BB, BEIZRERE B,
BT i R AR S A R R AR AR, A
K2 s BEE RSP BOEA S HAE LB 242,
SR SRR, REVIWERE N, 20
FLERMEE R BT Y) . PIPE, REW 0 THER A,
TR, X A IR S ECR G YRR
AR K AR R o

HI T RAE SRS ORE AL ATR BN, A R LA E b
SR, ST TR, DR EAR R R S
S RAMERINERE, WS TRk L
PERDE ML, WiE 2 Bros. #HAR S TRESY,
Z M 2 AR HP AR RS Wi, LA 2 2 i
P, FFREAT I S

HALRRIT -

D R 073 7K figk 58 9 M 15t i 1)~ 34 7 1 o

(W 3 froR), 4R FRLtERIa ML (& 2), 4
HRZOr TR RE WO R I B (3 3).

Q)RR 45 e Jig 2 1] 0 i 2 (11 2) A [l 0 B (3
3), ATLICRAFIZI 3 RA WAEIZIE BT i Il vk g
(% 3).

Qe AR e ] 120 05 v B A SR B i,
= 3 R,

JIT IR T %) SR 5 W Vs W55 SRR e IBCH A o 1 280 T
FLULIEL 3, ATLAE , FrECHls &R . Rawik
R REAEERL, TURERREYERESH
IR B AL AR T

M 3 AT LUK, A YR n 6 R i is 74 i g
RO IUT B R TR LG, Rl
FETE B (U BGINN FaHB Wi g2 . TR BRIk 3] —
B, R TS RPN 13 2247, it
3R VR R AN 4.2 mPa-s, I AE /7 RAH
Joo MULATIL, BEESREFE RN, FERERHIEA]

2 500 2000
® HTE
_ moRE

L 2000 R 411600 ~
g -
. (@)]
Ea y=-20.186x+2 500 £
Illlﬂ 1500 R’=0.986 2 I g
z =
&
?E 1000 - _§217 8x+1 200 1 800 2‘?
n
B R’=0.973 3 . B

500 4400
|
0 1 1 1 - 0
0 20 40 60 80 100

REMNE L REENE %

B2 RAEMRERSTESCSHERNXE

Fig.2 Polymer concentration and molecular weight change curves vs. distance

®3 BEREMBRSH

Table 3 Parameters of the polymer solutions prepared

RS EHERS S P /(7 g/mol)  [IEFEES /% WIEWRES /mg/L BCHIVAERIKRE /(mg/L) e HilVA L /(mPa-s)
#1 2500 0 1200.00 1200 55.7

#2 2200 14.62 1 070.34 1070 47.3

#3 2 000 24.36 983.90 980 36.6

#4 1700 38.98 854.23 850 27.6

#5 1400 53.59 724.57 720 15.7

#6 1 000 73.08 551.69 550 12.1

#7 600 92.57 378.80 380 4.4
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Fig. 3 Viscosity of the samples and the solutions prepared
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Table 4 Result of core flooding experiments
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Fig. 4 Viscoelasticity of the solutions prepared change curve

vs. distance

TS I 7J(i)_F1IJ“{72<j§$ T i 2 (AR R Pa KR % _
/107 um? /mPa-s TKEK FEYHR /N = BRI f a2
SD-01 721.1 55.7 0.125330 47.41 24.17 71.58
SD-02 735.5 473 0.083106 48.12 18.26 66.38
SD—-04 742.7 36.6 0.065182 45.37 15.10 60.47
RAHEYER  SD—-07 737.0 27.6 0.027917 46.56 12.55 59.11
SD-08 729.7 15.7 0.006976 47.17 9.63 56.80
SD—-09 740.2 12.1 0.002381 48.60 7.22 55.82
SD-11 733.8 4.4 0.000872 47.87 2.70 50.57
WE-01  744.1 55.4 0 47.04 10.94 56.17
WE-02  732.1 46.3 0 46.75 8.55 54.36
WF-03  719.8 37.3 0 47.14 7.25 53.92
W=  WF-06  755.9 28.1 0 47.05 5.82 52.88
WE-07  724.5 15.8 0 47.21 5.20 52.41
WFE-10  746.0 11.7 0 45.50 4.79 50.29
WF-11 732.4 3.6 0 46.72 2.41 49.13
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Fig. 5 Viscosity, elasticity and displacement efficiency loss

vs. distance
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Fig. 6 Enhanced recovery efficiency by polymer flooding and

glycerol flooding vs. distance
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Effect of the loss of viscosity and viscoelasticity on displacement efficiency
in polymer flooding
MA Yunfei, HOU Jirui, SHANG Dansen, ZHAO Fenglan, WU Fan

EOR Institute of China University of Petroleum-Beijing, Beijing 102249, China

Abstract To investigate the trends of change of viscosity and viscoelasticity during long distance migration in polymer flooding
and to research the effect of the loss of viscosity and viscoelasticity on displacement efficiency, a series of laboratory physical
experiments were conducted to simulate polymer flooding. A 30 m long sand packed model was built for the physical simulation.
Following the injection, samples were obtained from sampling points along the model, and the properties of the samples such
as polymer concentration, molecular weight and viscosity were analyzed. Based on the results, polymer solutions which have
similar properties to the samples were prepared for the core displacement experiments. For comparison, glycerol solutions similar
in viscosity were used as displacement agents in the same conditions. The results indicated that polymer concentration and
molecular weight decreased with increase in the migration distance, and followed an approximately linear trend. The viscosity
declined rapidly first, and then stabilized with the distance increase. The storage modulus decreased sharply in the near inlet area.
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Furthermore, the increment of displacement efficiency decreased with increasing distance, which was closely related to the loss
of viscosity and viscoelasticity. This suggested that elasticity loss had a deeper impact than viscosity on displacement efficiency.
This research can provide a basis for the optimization of polymer flooding design.
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