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Abstract

In order to ensure the success of polymer flooding pilot test in Henan oilfield VII1-3 formation
high temperature reservoir, a lot of tests are researched about the performances of the polymer
and its compatibility with the reservoir in the laboratory. These factors influence on the viscosity
of polymer solution including water quality, dissolved oxygen content in waste water, shearing,
high temperature aging, etc. Especially the dissolved oxygen content in the solution has a great ef-
fect on the long-term thermal stability of polymer viscosity. Oxygen content has a little effect on
the degree of hydrolysis of polymer. When the dissolved oxygen content is less than 0.5 mg/L, the
structure, tensile rheological and shear rheological performance has certain stability in 95°C high
temperature aging 90 days. Aging viscosity retention rate can reach more than 80% after 180
days. It has a good injection within the range 1000 - 2000 mg/L of polymer concentration, when
the permeability is 0.587 pm? of the reservoir. After entering the field application, the polymer
injection is good. It has obvious effect of enhanced production of oil and water cut.
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RNARIER R E V-3 2 R RiRMER S YREFRE R, WEEZENREITIN TREVHERER
EYEMERAEER. EVKR. BRTERESE. Y. RESHENEWREREWEREE.
RARBABHBRESENREYHEKPRAREHEWESE . ESENKBEYWAK. BHRESE
/INTF0.5 mg/LEMT, RAVAISCTHETZWIORE, EHEF —eHRet, MmRidiaettmey
VIR, £14180 dSHERERTREIS0% L. BEFRANMBIBER0.587 um?, BEVIRE
7£1000 - 2000 mg/LEE KN, EABREREANE. AT BNHE, REPIZEAERE, SREH
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1. 51§

BARIEE IR AR T2 RIS T F M i 1 25, 11 2505, (BRI TR E S, SRR aweE
ERHRE. Fae k2%, HEEH MRS T, IR ST B AR . AL
RV T A S UCRIMFRAL R R, RS e RIS AR A I A SRR R S b, T g v R T
MU VIN-3 J2 R i i R A B AR S AR, XU V-3 2 R A A 9.15 km®, HbJF fif =
862.6 x 10™ t, IR N 93.7°C, "I/ BE R 0.587 um?, 1 K FEHHEE 2.3 mPass, HUZ/KH 1L 13,087
mg/L [1]o NPRIES SRR IR I SEHE, SN RGVTEN T i v i 58 A 905 i 0 e AP

2. SKEEAPRL AL AR
2.1, LENHEREE

DV-III % Brooker ¥5/% i, 5[ Brooker AT ; mimMtFE, HAZ=FEATIHE, O IKE W) H A5
B, {LABELAMBHMESERA R XM, trERFRRRE RS ERAR; Al-lla JiF7
BHMBAFM), iR EPKBHEREBAER AR FEER R 3£E HAAKE CaBERI;  FIIR-1500
AR 2

2.2. SR

Nig e AR O(D2.5 x 8 cm), J5 (2.5 x 2.5 x 30 cm); REW: MHREEY), AR
PR 1 s SEBS I XSGR VI3 R AT R R SEER A A G XSGR V-3 2 FITRAR
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Table 1. The basic parameters of the polymer
= 1. REVERSHMEETMN

TiH W5 25 1 HARIRRR
& 2 /% 91.31 >89
TR IR I & 5/ % 0.02 <0.1
A% 0.06 <0.20
FEHEAL Y/ (mL/g) 2670.2
4yf /100 2265.0
VAR 8 P /min <120 <120
SuR/GSES 1.08 <L5
IKARE % 20.58
A RS/ (mN/m) 50.67 >40
P AR L/ (mN/m) 49.92 >38
Table 2. The ion composition of experimental water
2. LWAKMBETHK
g T Na'. K Ca* Mg* cr SO HCO;, TDS
VLTG5 7K mg/L 2485 41 7 3114 1798 1285 8730
X5 7K mg/L 1601 14 75 1172 391.5 1819 5002
2.3. ZiARE
2.3.1. #HEMN S FE
M =802[n]" (1-1)
e
M5y &
[y]-Fr R %, mL/g;
802-2 55 W 4L .
2.3.2. BAEBERERKREE
RIR BRI 7K i B IR T SRR IR B, AR TC B SR S ) i AR S [ & &, e

A I FEER IR I AR,

HD =
lOOO><m><S—23><C(HC1)><V

A
HD—IKfRPE, %;
C—Eh IR PR UEVE R IR EE, mol/L;

C(HCI)xV x71x100

ViR B FEAR HE SR BRI AR AR, ml;

m—IAFEI R R, gs
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2.3.3. MEREXE

N =" 100 (1-3)
7,
A N-REEELREAZ, %
n-EAHT IR EE, mPars;
nFREA G HIRETE, mPas.

3. GERFTe
3.1. BEY5IASKAEMAME2] 3]

FH ORI Ak 35 7K BC 1] 4500 mg/L (RSP RER, P 23 26 B A & B HI7E 0.5 mg/L LLN (IR4E AT
IR LR ), TR VLT 5 KRR 28 T R B, I RE e e, ARSI RE S BB TE 95 C AR
Ak, RREI A R, MRIEE N 30°C, Brookfield DV, 04551, 6 t/min iR, 52
EE RN 3. HERATUEH, %R A5 R0 H S K BA B R

3.2. FOHYIN B ESYERME R [4)

43 7LL 100, 2004 300, 400, 500~ 600. 700 mL/h 5> AIVENAKE N 1800 KR WG, i
ANFOE T, FRREAE FaE G, BURE 50 mL~100 mL, Z%f, 7€ 30°CHI 6 rpm 2515 I 5& BT U7 P& A AE <
JEHIREEE, THE RSV ROR IR B M o TR AL, S8R E 1 PoR. BEETENEEREN, RE
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Figure 1. The change of molecular weight and viscosity retention rate with the injection rate
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Table 3. Effect of Shuanghe fresh sewage on the long-term thermal stability of the polymer (Viscosity in mPa-s)
= 3. RUAHEEE Sk B AMKEIRIR E MR (KA mPass)

REYIRE mg/L 0d 1d 7d 15d 30d 60 d 90d 120d 180d
1500 60.8 59.7 67.2 65.1 62.9 58.7 56.2 53.1 51.3
1800 85.3 88.7 79.5 88.5 78.9 77.9 76.5 77.1 73.5
2000 98.1 90.4 91.7 93.5 103.5 108 101 96.3 93.1

3.3. EiRZHXTHRRSMBRKRERRME|S]

REVE AL Z T T B RS2 — N R RE LR REWEnad sk nKg
FEXEI, REVREL — B 2PERAES . TR 2 SRR PR IR R m A R IR Z , AT
TEEE T VR RO s I R A IR I AR R MR S

33.1. FESAEMNBEYKBENRID

FAXCHT BRAL 5 7K BE ] 4500 mg/L 195G W00, B FHSUR BRA 5 K W ke 22 1800 mg/L, Z AL 95°C,
KHERBREE AR A S E N, NREVKMBENRI, KA RIE 4. HRWTUEH, HE
TR AW I KK IR E R AN K

3.3.2. AMPS 2HERKBETL

AR ER A R AV E AR SO T A ANRAE, EERAY T AMPS B REF AR AL, 3
ARG DL A IR LSRR AMPS K ARFLER: 55 —FHLEE R C-S BEII 2L 5 TE L TN 25 N AR R
iy PR C-N BRI RS T BN R AL .

2 M 3 ONTH iR R R OB AT G 2L AME R . 2 SN B S, Z AL T -NH, (5 5 i 73
B4 3421 em ™'\ 3460 em ™', ZALHTE C-S MIH4EIRENIE M HIH 675 cm™ L 638 em ™. EAK 60 d J I A
FH A S TR 358 TR TR R R0 TR 05 TR SR PRV RR TE R 0, R C-S SR R AR ALY, Rk, AMPS I
B RAEKIR, BEIATE LR KIREE FRAYH I AMPS R 1, KR 3 BER A 7E R L 3 [
E.

34. BAYRTMME
RO A 5 /K BC ) 585 W) BRI 4500 mg/L, P FH RURT R AL 5 /KRR 28 H AR L

3.4.1. BEMBREREMY

1) TR X SR A Wb A AR e 1 1 5 T

SIS SE RN 4 FR, BEAE VR RIIE N, TR SR A I R A A R PR R R o IR AT
FERLAR S IV N SR WDV IR 22 LR AE R ) Y R AE R, B IR I I, SR AW 2 28 BLAR kR
R, A W (A B [ R R, X U B A SR B IR EE IS 0, VAR B I 1

2) Z A [T 5B A i AR A 1 S

ENTER T BEEYIRE N 1500 mg/L 1 04 30, 60 90, 120+ 180 d N [F]ZAk I 8] Fy iz br sk 1] A1 47 e
FEEERIR AR, SEEREE R LIE 5, MSRIRZE R AT LR H, 7R &%/ T 0.3 mg/L LURES, ZALiRAE
N 95 CHI A 30 d 160 d J&, FEA YV Wit (B AR RS EEE B in, 2246 90 d J5,  FfuoRs B2 R4 iy
B AR, SEEZ RS 95 CHE A&/ T 0.3 mg/L LA BA —@ it e t.
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Figure 2. Infrared spectrum of high temperature resistant polymer before aging
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Figure 3. Infrared spectrum of high temperature resistant polymer of aging 60 days
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Figure 5. Influence of aging time on polymer solution (1500 mg/L) breaking time (95°C)
& 5. BLEHE R ESYRMR(1500 me/L)yR1 BB a8 F820H(95°C)

Table 4. Variation of hydrolysis degree of polymer with aging time
4. BEYIKBREREZLRE LA

A E/(mg/L) 0d 1d 7d 15d 30d 60d 90d 120d 180d
<0.5 23.69 31.39 46.78 59.86 64.73 77.88 82.66 84.85 87.38
0.5<0,<1.0 24.17 27.18 50.45 47.48 59.24 74.05 78.64 80.98 83.47
1.0 23.95 34.53 47.95 63.54 68.43 79.80 82.25 82.95 84.67

1.5 23.83 29.82 50.22 50.52 60.51 73.41 82.06 84.93 87.31

RS IE= 23.85 34.27 45.41 51.49 62.28 76.21 78.09 85.23 87.69

3.4.2. BAEMBYIREN

1) REEXTZEE W B30 A8 1 1 52 0

REVEBM YR L, BT HFE R RS RN R GRS UER LR,
Kl 6 4 95°C T it i 58 G A [RIVR FE HURG FE R BY V) AR At £ . SRA W& — PR ek, 23
[R)] g Aok S G S| BEW s 3 e DR ) b 2 8ty NI (1] 2 (1 A . 1 P b7/ = (19 1 7) B 2 -8 N o 21 i o R £ R Sy 51
SR T EAER, [F S TRERITE S 2%, RS EERG N, IREE, AR N RER T
HHLZ, 71 IAIAH EAE R ) SR S5 Bk, BT DURG BEBRCK . RS BT DT 38K, R 32 1) BY
VIR 3300, SE-E4 50 [0 R R 46 K 1 B R (B 0 AR, 5 80093 2 TR R 5 D9 RN 43 -2 TR AH L
PREEIRIRE IR/, VR IRIRG FEFRAIG

2) KT ERE VB TR A 1 1 5 e

WREEN 1500, 2000 mg/L I i A VWAL 95°C, iz id % F4idod, 10d, 30d, 60d,
90 d A5, BIUREARMZ WA 7 MK 8 fron, HKEL TR, EIAMZAE TR =110, RUREAE
0d~10d Z [AVKEREE R %, 10 d~30 d Z ALK ETF, 30 d~90 d Z IR EEZE48 T %, XFELREW, 7 10d
WHEEE N I%, A AR OIS IE S A MRS, SREMER KA TRE, RARS, KiE
TR 10 d~30 d 2 08), SAFEIRE, BEAKMERERIIG N, KEFEERIN; 30 d~90 d I8, Bl [E] B 3G,
BHY REWIIK i FEINAR 808, i B SERA A — e BRI, SRR BE 2818 N I% . 95°C &
90 d Z A5 HIR FE IR B ZRAT51E 84%~90% Z 1H] .
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Figure 6. Shear rheological curves of polymer at different concentrations
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Figure 7. The change of viscosity of polymer solution (1500 mg/L) with shear rate under different aging time
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Figure 8. The change of viscosity of polymer solution (2000 mg/L) with shear rate under different aging time
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3.5. BEYERREMEMR 6]

KHEF I RME, AT REW AN G S it e, NihiR R & e it 18 )51 71 B4
BERAESALEIRE, FEAIREEDY 1500 mg/L. % (8] JREEA 40 pm x 40 pm, B A AR BBACRAE G 7E 5 T
R ERA R SR FE A 0 nm E 1000 nm. HHE 7 T LR H, EHT(E 9(a), BREVHE R RRE,
REMLE BB ERDAG, HEEA > XNMEREB AT, 5 XKEE)L pm B L+ pm 45, 4
YA A] LG AR — R BRR T AS B TORL A, JBURRUEAE 1 pum 245, SRR SRS FHR
JERXT R . 2k 30 d JE (K 9(b)), HRERERZRAH N AR EIMERKERR, 57%
ERERA A, RERRAHERE, XHAREWERASERE. 260 dE(E 9c), &
ERERAER RN, 2“7 FRRSM, BAETIRS XHEL 10 pm, EFAT75M0, KEEL
T pm ZEA, IXFE SRR DK R SR B A T RURG PR AR s . 24k 90 d S (] 9(d)), REMDIE K
HAAN 10 pm 24 EDH R RS, A5 I, Ui B H A 2 1 R AR O, BRERTT  HRL
PERIZAE — 2. AR, WREWAEZAL 60 d 1247 %A B2 B SRR B As,  BARTS i ]
ARAEH T i SE 30 25 B 15 21

3.6. THERSHHEGENERS

FOIASHGE 5, LEERWE 10 PR, HERTUEE, JBERNMZETBER 0.6 pm’
B, RAWIHREE N 1000 mg/L~2000 mg/L yulHE N, REVIEABIFFREAY. BV &5
TENHREE (3N n, SR A VB 1 R AR e
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Onm
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Figure 9. Atomic force microscope typical pattern of polymer solution under different aging time. (a) Before aging; (b) Ag-
ing 30 days; (c) Aging 60 days; (d) Aging 90 days

B 9. FE#E WA EEMH TREMER(1500 mg/L)RETHEMFRBERE. ()FWLET; b)) 30d; (o) 60 d;
(d)yZfL90d

Table 5. Basic parameter table of core

F 5. BLERSHER

Y5 FEWIRE /(mg/L) H BB R um? AHiOKEE/em FLE A F/mL RF
1 1000 0.565 8.16 7.35 50
2 1500 0.578 8.16 7.44 66
3 1800 0.620 8.16 7.45 87
4 2000 0.578 8.16 7.33 107
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Figure 10. Injection curve of polymer solution with different concentration
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AW TR i RN 4460 to RO HIVIL ; JZ2 2 R i B Ak e Tk i X f i i 78 220.0 x 10* . T
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5, CVEUTS B S R i B KR

5. &R 5IAR
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B, BRECIRKC AR 21k 60 d JF RS R AEBRZN, 2 “d8” FIRHRS 0 2/ 90d FREY)
TERREAZA 10 pm A2 A7 PR FOREREE, A5 ETT.



I 5

°12-16 oT11-177
Gt PR = B VT2 /R TR T A 38 ) )
S H11-178 ® W19
Q. 200 , 400K T11-157 .
®
wil2
eT11-13 HHT, .10_17 010-198
H11-147 H10-167
oT11-12 9-177 E?_187
J—11_137 H10-157 o H10_17 8;19
10-13 ® o
- 10_15 8_17 8_18
T10-127 J9-147 ®T9-147 ® H7-277
T9-138 ® H8-267
_ ou_
. H8-257 JT-177 Hr=1T6
oTg-127 I8 Y ® 47267
8-137
®9-117 o
o T7-157
T9-117 o @ o
J7-137 H7-257 7-157
®T19-907
oT18-117 1}”\.'J77127‘ %ﬁiﬂlﬁo ® [
o H17-126 we-a7  H6-247 A (4
W22 ® ®6-13 *
o17-117 K HERHF

Figure 11. Schematic diagram of well pattern in high temperature polymer flooding test area
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