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Research on heterogeneous combination flooding technology based
on matching between system and reservoir pore throat and
its field application: A case of post—polymer flooding
Es,1-3 in Shengl area, Shengtuo Oilfield
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Dongying City ,Shandong Province ,257001, China; 3.Exploration and Development Research Institute ,
Shengli Oilfield Company ,SINOPEC , Dongying City ,Shandong Province 257015, China )

Abstract: The matching between the heterogeneous combination flooding system and the reservoir pore throat is the key
factor for realizing the effective injection of the flooding system and dramatically enhancing oil recovery. Based on physical
simulation research, a matching relationship chart of the viscoelastic particle flooding agent and reservoir pore throat is es-
tablished. The 1" to 3™ Submembers of the 2™ Member of Shahejie Formation (Es,1-3)in Shengl area, Shengtuo Oilfield
was preferred as the pilot area, which was the typical post—polymer flooding reservoir. Based on the analysis of the reservoir
pore throat characteristics and the established matching relationship chart, the viscoelastic particle flooding agent suitable
for the target reservoir in the pilot area was developed , and the efficient heterogeneous combination flooding system suitable
for the target reservoir in the pilot area was constructed based on the combination of the polymer and the anionic and non—

amphoteric surfactants. The research results show that the heterogeneous combination flooding technology could effectively
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produce the remaining oil in different types of pores with different pore sizes. The microscopic remaining oil production

mechanism of the heterogeneous combination flooding system is proposed. Field application has confirmed that the average

injection pressure of injection well was increased by 4.7 MPa, and the average starting pressure was increased by 5.1 MPa.

The drag resistance coefficient reached 1.7. The pressure distribution was more uniform, and the displacement was more

balanced. As of May 2020, the significant water—cut reduction and production rate increment have been achieved in the pi-

lot area. The comprehensive water—cut of the production well was decreased by 6.3% , and the production rate in the pilot ar-

ea increased from 39 t/d to 141 t/d. The numerical simulation prediction shows that the oil recovery rate could be further in-

creased by 7.6% after polymer flooding, which has broad prospects for popularization and application.

Key words: high temperature and high salinity; post—polymer flooding reservoir; heterogeneous combination flooding;

matching of system and pore throat ; enhanced oil recovery ; remaining oil
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Tablel Statistical results of heterogeneous parameters of Es,1
in Shengl area, Shengtuo Oilfield
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Table2  Pore throat characteristic parameters of Es,1

in Shengl area, Shengtuo Oilfield
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Fig.1 Migration mode of viscoelastic particle flooding agent in porous media
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Fig.2  Matching relationship chart of viscoelastic particle
flooding agent and reservoir pore throat
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Table3 Resistance coefficients and residual resistance
coefficients of viscoelastic particle
flooding agent with different

viscoelastic performances
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Fig.3 Pressure transfer curves of viscoelastic particle flooding
agent with different meshes in porous medium
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Table4 Effect of different types surfactants with different mass

fractions on interfacial tension
between oil and water

Fom W A UK A
ks R H(%) ESi] (mN/m)
Aal 0.4 B e 1.8x10°"!
Ab2 0.4 SEISCA 1.4x107!
Acl 0.4 [N 6.5%1072
Ac2 0.4 BT 7.2x1072

ST1-1A6 0.1 SEEIHRdS 8.6x107
ST1-1A6 0.2 BRI 4.4x1073
STI1-1A6 0.4 MEEIHRR 1.2x1073
ST1-1A6 0.6 [ W P 1.4x1073

2.3 E{RMEEN

XF L — SR G | B — R R ORI e 751 B HE
HEHAERME MR (RS) TR —-REY
(HPAM) M BE PR K T pE i i, RV R S Wi
W IR BA — 5 R/ B LRV 3 5 i A G
R R A PERL R U] 0 TR — 1 R G W R R s vk



278 H£5H

PN IR A T 2 AL DT FE A A S & SREOR TS 507 4 S -57-

WURLIGHF) , BTV IR . X2 TR G WL T

3 ¥4 55 R SR URL K Il 7 4 M S A BEAH B2

ASRAG 28 S5, T B g T A2 A AR B e

RS FHMETNIKRT . REYREESEREROREERE
Table5  Viscoelastic performances of viscoelastic particle

flooding agent, polymer and their
compound system
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Table6 Test results of interfacial tension of single surfactant

and heterogeneous combination
flooding system

. KF AT
R
o 1] (min )
0.4%ST1-1A6 1.2 8
800 ¢/L PPG+1 600 me/L
35.2 4.1 90

HPAM+0.4%ST1-1A6

ZE Lk v UL 0K i 37 5 5 A W R T
PR A BT, AN BE K R B R AR I K ALk Ay
PRAIE A i A BRI S0R 5 I8 RE B 2 2 ok ISR AR R
(L M RE T, S — 259 R S AR, X e
W — XV B =304 HbRfB)Z , B0 5 A
VEFC A AR AR 52 A B it 4 2R P 5B VR 2 R 800 mg/LL
(1% 76 58 AR 3R 90 791 L S5 i MR B R 1 600 mg/L ) R
A WA EB0OR 0.4% B9 FE TG PEF ST1-1A6 41
s
24 EMERIIREREMN
2.4.1 T RDYIEFEZR TN

FIH % N IRD A AU B8 (5 KB B B 5
5025 3 000 F1 1000 mD) , 7616 7 80 °C . 1k
JE 421 053 mg/L I 254, R ARSI HH 52 4 Bk 1
RERBWIRG L RBCRROR . 4551 (K 4)%
], AW 9K 5 P A AR 5 A BRI 44 2 B T
— 3 KU B AR, SR R R T AR R

G A e 7 A 4 MR RO, R

R 66.4%, B A Y1 UR R HE— 4 7 R MR 35

15.1%
100 -

80 |

60
; —— Gk

KA (%)
HIKFE (%)

40

Lokl

sl A K ran J5 4 K R

¥
=

1 L L 1 1 ]
0 0.5 1.0 1.5 20 25 30 35 40

EANE (PV)
B4 REVREEHEEFERRERMEKETMNLER
Fig.4 Prediction results of recovery and water cut for
heterogeneous combination flooding in

post—polymer flooding reservior
2.4.2  ALF A b3 A AL

IR B0 DX O 38 2o AR08 T R IR S 5, A
¢ A P A G BRI AR 28 % AS ) 28 70 3 4% 3l 1) 3
BOR . LI EE R R AR A IR R 0T LA g
FHAS [ S0 ) 3 3 il AR U8 S g 45 2R, 245 65 Rk
UL IR I 700 A S, B R T ARSI AR A BRI AR R X
T DR FIT SR 1 288 DL 080 4 ) 3 T AL

#EFARFE R BREWIKGE, WA RE I
KX IRAEFEVE R R T a0 o AR A B A BRI
R FR G, Ak 0 3K 7SOk B 4 B R FLAE , Je 2k
T A TR A A B DX R, T A i 2R 4 T B
o MBI, R E i, S
W7 AR TR % F i o LI, 783X 2o 2 rPeole LI v ) 3
AT AR (E5) .

JESR ] 4o BROR TR v 2 T v e fL I BE
AT A0 B R TR e R P A B U0 7, SRR R e AL
e v ()3 Ao, s B TH ZE FLME R T B . th AR
B IR A 2 0T B ER 70 23 T 1) KR Ak R A 0K R 2R
(1 6) R U, , 22455 Ik 3 o FLME R, HEAE i 7
T RATEAE X B 8 S U )
WA A AR A E A IR R R AW A 20k
JEEIR TR A T SRR 1
243 BB ALAE DR IEN

TE 25 N ) BRSSO GOUL TR 4 i 29 AL ) 43 A
() BE A L I BB E BT B i 56 X R #4 4
AT R AR IATI o 25 R0 SR AH
BHEWE, ABXLZAETKEHREWIKE W
97.2% Fc Ik % % 88.2%, [ R 1k 9.0% (& 7) s £ 435
FHE A UK 15 a5 R0 P9 T SR AU 7™ Ji 3 38.0x10°
t, PR RICRIE 7.6% , T &R MR K 48.5%



-58- moR M R

5OR %

20204F9 A

¥

a—REWWG

PPG h

b—E N AR BT S A R A R

IR E &R

BEs5 AEHEE SWilE R XE R KR RiHEEHR

Fig.5 Displacement effect of heterogeneous combination flooding system on continuous flaky remaining oil
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Fig.7 Prediction results of water cut in pilot area
based on numerical simulation
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Fig.6 Displacement effect of the heterogeneous combination flooding system on membrane-like remaining oil
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Fig.9 Pressure field changes before and after heterogeneous
combination flooding
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