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Technical index evaluation of transport ability of profile control and displacement agents
ZHANG Yunbao', LU Xiangguo', LIU Yigang’, LI Yanyue’, CAO Weijia', BAO Wenbo'

(1.MOE Key Laboratory of EOR, Northeast Petroleum University, Daqing, Heilongjiang 163318, China;
2.CNOOC (China) Co., Ltd., Tianjin Branch, Tianjin 300452, China)

Abstract: In recent years, the application scale of chemical flooding technology has been increased, but the results of some field
tests are not ideal. There are many reasons for this situation, including the adaptability of profile control and displacement agent
with reservoir pores. Aiming at the actual demand of field production and theory, the evaluation method and technical index of
transport capacity of chemical profile control and flooding agent are studied. The results show that the transport capacity of profile
control agent in porous media is a necessary condition for realizing the diversion of deep liquid flow. The transport capacity can be
evaluated by the ratio of the pressure difference (3) between the front and the back of core at the end of injection of profile control
agent. The recommended technical index ranges are as follows: (D 8=1~3, good transport capacity; @ B =4~ 8, medium; @) =9 ~ 15,
poor; @ B>16, poor. The retention and transport ability of profile control and displacement agents are closely related to the
molecular structure of materials, aggregate size and core permeability. Their purposes are contradictory and need to be taken into
account reasonably in practical application. Viscosity is an index to evaluate the internal friction of fluids. The internal friction of
polymer solution is related to polymer concentration, molecular aggregate morphology and salinity of solvent water. The size of
polymer aggregates can be changed by intermolecular physical association and chemical cross—linking reaction, which can increase
the friction force and viscosity of polymer solution, but this will also lead to poor transport capacity of polymer solution, and then
weaken the deep retention and liquid flow diversion effect of polymer solution.

Key words: profile control and displacement agent, transport ability, technical index, physical simulation, mechanism analysis
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Fig. 1 Core structure and pressure measuring point distribution
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(€,=3 000 mg/L) SZAEEE RERkifR (C.=1 000 mg/L)
FRA W, 10 58 45 DU Fe ) R 25 8P'10 \ 6Py
RSPy, THE BT 22 8P LA S 45 AN A5 TR 25 [
BIH.(B=0P"\o/8P",—s,3:=0P"/OP"s iy ) FIFF-34 Bl 1 225
F.(8P8P).,

@FEIMRIR B 2 0F T A OB (58 ) 72 h (73K
KT FFER G WSRO ), Z 05 43 IR A Ui A
Uiig AR 0 2 em AL TR L, 22 ) I TR A 2K
JESEKUR 1PV, i 51 i 22K BRZE HEA 454~ [X ] FE 22
SP" L 8P ISP sy FU 22 6P TR X584 B
J1ZH(SP"16P) FIPE-YEEZ [ (sP"-6P) ISP ] .

RS AR A 1 mL/min.

3) HARTERR

A AT IR AR, 41 SR FH 25T A5 1)
JE 2% L BAE (Bi=8P" o/8P" 5, B=6P"s 5 / 6Py 11 ) K VEHr
PEE SRR G2 NG s AR T .
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2.1 fERERREE NSRS
2.1.1 Ro&MWmk

1) fEHnskete
TR DBERANRZMT , R H QHD32-6 i

F1 KR
Table 1 Water quality analysis -
X K'+Na* Ca™ Mg cr S0> CO:" HCO; S AREE
QHD32-6 3 H 921.72 75.1 7.5 7375 12.6 61.6 1077.7 2893.7
KT =X 1900.00 35.0 18.0 1162.0 12.0 0 3224.0 6726.0
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TEATKECHIME B4 3 000 me/L B4 WIioskiAs i (L EL
FE 4.0 mPa-s) {3 AZE 25 DX [A] 22 6P FIPEAf F Bk
BAE L2, SR R 65 °C.

2 AT, M55 R AR, RE WK S A
OFLMERCALE RS s B Re s, 2 T
SEITTE AT X8, 1A 3, R RN AR
FEADRTEER A o BB RN, O LI R 3
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LTReay s AT =W s o R R [ Y P (RSN (TR e AT K
55, R, 8 SCPFA 18 45 B1 8 B.=8 ~ 12 422, Bi
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2) BT R SRR R BRI
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1) s Hne

e DB R R T R QHD32-6 i H
TEATKRCH R AR AR R (2.5 %RA AL +5.0 %
PR BERE+0.8 %IR K +0.15 %5 | L 71+0.15 %A B+
0.05 %P 7017, WIAE RN 1.9 mPa-s) T A4S
A 4% X (1] R 22 6P AN PEM 6 b B (HL DL 36 4, 52 50 i J3E
}65 °C.,

4T, BB RIS R, B AR E AL
TS DN SR B s . TR A BRI IR
AR (1.9 mPa~s) , i B8 A6 J1 4555 , G Mg B B 1 4%
o HIE PPN TEIRB B B=2.5 ~ 4 ML ks o hE
PAL 35N

2) BHJIRE GBI BB B

K FH QHD32-6 3l FH 2 A K i il 5 4 BRI AR &
(B TR) 1), HEBE ) 22 8k AR Ax B ) Z oM Btk e
REER IS,

M5 T, B OB 3 RGN, A O L R

®k2 HREEZESPHBE
Table 2 6P and B value of every interval pressure difference

X [0] [ 22 6P/MPa

VES i BIEHR(K)N07 pm? Bi(8P /5P, 5) B2(8Po/8Ps 1)
6P|72 (SPZJ 5P?7H‘.H
1-1 800 0.083 5 0.003 9 0.002 1 21.41 39.76
1-2 2 400 0.022 8 0.002 4 0.001 4 9.50 16.29
1-3 4 800 0.009 8 0.001 2 0.000 8 8.17 12.25
x3 BEARBERENRBMEER
Table 3 Resistance coefficient, residual resistance coefficient and plugging rate
BRARBHLST R E(Fu)
VES L BERKIN0 p’ HIRE(FD " - EHER 1%
[
1-1 800 14.92 5.36 7.14 86.0
1-2 2 400 12.47 4.52 5.78 82.7
1-3 4 800 8.43 3.37 4.06 75.3
®4 BREEESPHLE
Table 4 5P and B value of every interval pressure difference
7% X ] 2 6P/MPa
VES ke BBH(K)/107 pm’? Bi(8P, /5P 5) Ba(8P>5/8Ps 11)
SPH BPZ% BPS’\‘IH‘
2-1 4000 0.010 0.004 0.003 2.50 3.33
2-2 12 000 0.006 0.003 0.002 2.00 3.00
2-3 18 000 0.003 0.001 0.001 3.00 3.00
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Table 5 Resistance coefficient, residual resistance coefficient and plugging rate
ﬁ%zﬁ% @iﬁ%([(ﬂ)/lo” p,m: lﬂlﬁ%ﬁl(ﬂ) 53?}?]@7’]?:55((1‘]“:) ij‘%%/%
2-1 4000 18.33 51.28 98.95
2-2 12 000 16.67 57.69 98.13
2-3 18 000 12.49 63.87 98.43
#6 BXEEZESPHBE
Table 6 6P and B value of every interval pressure difference
4% [X [F] i 22 8P/MPa
VES i BiER (K107 pm’ Bi(8P\/8P>-:) Ba(8P>/8Ps-s11)
6P|—2 5Pz—3 5PMH||
3-1 440 0.008 7 0.004 8 0.003 5 1.81 2.49
3-2 1200 0.004 8 0.003 4 0.002 8 1.41 1.71
3-3 2400 0.002 2 0.001 6 0.001 5 1.38 1.47

B, — 7 I 5245 BB i B A AE R BH sk ), BHL g
B 55— 7 0, BRALME R i 45531 )
A AR I, A2 BRI U R B e, PR AR A
LTI R B T R . A B | 3 FhiBiE R s
DEER K 98 %y, UL 5 BEIR AT B0
BHERETT, RE ™ AR BT R 1R CR

213 FHAIK )

1) fEhmiztshe

K QHD32-6 7 T AZKECHIEEE 47 1 000 mg/L
P14 e BT R 1 R (UG8 3.5 mPa-s) , HIE AZE IR
45 DX 1] e 22 6P FNPE A 46 B Ba 1 I 3% 6, S 90 i i
4165 C.

A 6 AT AL, Bl F OB 5 2RI K, O AL R
GO, o R R 50 PN ds B ao 7 v s BE
BIBH I/, 5 22K B R v A5 A T B
FIrREAR . mdKimE T/ FREW, R4
PR REIN, WA R BRI, i B B 0 AL i is 7
e 14 T2 BB, BUE SFI R bR B L B=1 ~ 2.5
IAEIERERE IR

2) B RBORERARBH ) F 4L

K QHD32-6l I AZKECHIAR A 1 000 mg/L
14 A A R HCBH ) RO A BH ) & 0
AR KT,

T RIAL, Bl OB RGN, O AL R
HEN v R R E 0 PN R R R D MR gk
IR i B i ) 1 KRR, BEL 7 38 B5ORI 5% 4% BHL T 3 HA0
ANo HR T R AR ) B R AR A2, AT RE
BRI REEE /N o F AT UL, T4 b

R7 HEARBFAZERBENZREY
Table 7 Resistance coefficient and residual
resistance coefficient

mE S BERK)

B ZRE (P ARARBLD R E (Fu)

Gii ' 107 pm’

3-1 440 2.07 1.46
3-2 1200 1.86 1.35
3-3 2400 1.67 1.26

T A% R O 7R 4 R R MCRARE T, i B B R
S8 2 BUORSLIE , LAk i AR B i
JEBOALIE B 3% , T2 e 1) 2 AT Aot o A B A v
AP B2 R IGI R .
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1) Rz e

SRR A HE P = X A K BC TR R A& Wi
38 5 s W, FE LR BE AR R O ) 254 R, 2 %
R W WE NG 50025 X ] He 22 6P FAE i
IEFERETI TN FER BIH UL FR 8, SLHTRLEE 53 °C.

MK 8 AT LA Y FEM R AR GIE) 2640 . 5
Tl A Y (HTPW-112) IR AH L ST R A&
(AP=P4) VIR AE 50 T A S B SUT 199 70 DX iy B
BER, B  A Y BRI i BEL 7 BV 22 (BBCK i v
IS I I 08 DX Sl i P R 22 (/)N AHE B, A Bs
5T 25.9, RIARA Y £ B BB AR AR X 3K,
iz’ HE )] 2%

2) B RBURER AR ) R4

RHHIHEHE P =X TEAUKICH R R 5P (AP-P4)
1338 2R A P (HTPW—-112) B (C=5 000 mg/L) , F-



o531 L Saae e W L | VB ey A S E s N =X N A A 101
#8 BRXIEEESPHBE
Table 8 &P and B value of every interval pressure difference
[i1] [T 2% 6P/MP:
L HOHE (g 1,) WS (mPa-s) Xz OPAPa Al
5P172 8P273 BPBﬂ‘IH! Bl BZ
iAW 1750 349.9 0.181 0.007 0.007 25.9 25.9
TRAY 3400 3529 0.070 0.050 0.040 1.4 13
R®9 MEARBFZRBENRE
Table 9 Resistance coefficient and residual resistance coefficient

%éﬁ %E; %ﬁ%?ﬁ?ﬁf/(mg-ﬁ') *%EEE’Z/(IHPZ!'S) Iﬁﬁgﬁ(ﬂx) Zjﬁ%mj}%ﬁ(ﬂm)
PR RA 1750 352.9 375.0 75.0
e R A 3400 350.9 250.0 116.7

A3 5 B A E M 1750 mg/L A1 3 400 mg/L, 7EALZL
JERRGESRAER 2 R R G Y V- Y BE ) BB A4
R R IR A5 R R 9, SLISIR M 53 °C.
MR FT LA ), TE RS W W B AR R 4508
T, 5B A Y (HTPW-112) M i, B &9
(AP-P4) % W BH 1 R EE K AP BRARBH 1 RN o
TERG WA Z0F T, 53830 RS Wi o L
B PR R G YR W ) R B A B 2B .

22 IREFEHEHEEHN REZME RS
22.1 REHiEik

KA KV = X AKEHITTEE R A&
(AP-P4) FilE 38 & &% (HTPW-112) R & ¥ 1)
(Cv=5 000 mg/L) , BT Y] 20 s, K5 B9 VI i Jim b 5 i R
2 =100 mg/L, 4351 HE 1745 4l HL 5% SEM S 55 (FICK
1 0001#%) , MiAZE R LK 2,

AP 2 R, 3538 SR G ) 5 K i S R

d}mﬁEFEA%;;JE)JF

K2 BavonrREWRIEE
Fig. 2 Morphology of polymer molecular aggregates
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Miibn , 45 F 1 8K 535~ BE 1 R WR T 9, iy B BB ) R
FEAIG iz B Re 1 . 5858 R A WAHELEE, 31
ERREY T HE EICHIN 53 A7 7K e AT 3 o B N B
M4 GAER R RGO R G W TR EM R
AR AR Z 18] Sk ) 25 A T e — R 3L
W5 22 2 N AR A W] X 48 2854, Jnb st R SR T P B D R
R RIEERE ) . STUIMEHTG | B K 5 AT e DL T
FHH 25 T BRI R 0% IR 254, HRRTE Ry
IR R ARG BRI T U R J /N 2 AR 458, B
B 22 J2 37 MR 2 [ I 248 5 R e 70 R IR 41,
I3 FRAERRSHE/N (WL 10, C=100 mg/L) , it
FERE W s AL i Is A RE 1

i bk TP R AW T RER T
D ALB RS B 22 B R S e A O IEA
Ui K B Bl s R R s . AN, REW)
FEF A S R i B SO B0 AR T KR BE T AR
0 A 5 N FERIE BB K s 25, 3O 2 A0 v
A i R Yo e s ZUS UIE T, B H oy 3R
AR RS IN, T BA RE D655 | VR A A T IR AR 25

®10 HFREGERTMIKER
Table 10 Test results of molecular aggregate size

. REWN TR R
gapon  FOPKEL R (o B
(mg-17") 5 ——— %

JRIAFE K
WA 1750 876.1 446.1 49.1
TERAEY 3 400 246.7 198.6 19.5
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K QHD32-6 i i AZKBC I 4 3 000 mg/LL
B YIHERER KL T 65 CHEIEA T, 2 I
HRAR AR ERR AR A S SR DG 2R L 3.

M 3T LU ), SR BI iR kA% 2.00 ~ 6.00 wm,
RAE R 2.04 wm 247K AT E]/NT 72 h B R AR AR
A BEAS K5 72 hJE R A B, R A% A KA
20.53 pum; 120 h J5 /K AAE 2 55 5 240 h i J80RL
B KR A% 38.7 o, REAR P 18.92 wm, % K A5 %k
7.53~9.52,

FLBIER(K) SLEMEE AR E R WA 4,

M 40T LUE 808 1EF K,=800x107 wm’
BF, X6 10 L Bt i 3 2 AR A 29 10 o, FLBR AR Y
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20 wm F0 AE 3 1 1Y TR B KOBLAR 29 6.6 um
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301 —— Y
25F —=—7K{k24 h
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M» 15k —=—/K16192 h
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Fig. 3 Particle size distribution of microspheres and its

relation with time
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Fig. 4 Relation between permeability and median radius
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