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Abstract A block in Bamianhe reservoir of Jianghan Oilfield is considered in this paper. With respect to the heat—tolerance salt—
resistance polymer, the influence of the bivalent cation on its viscosity in the high calcium and magnesium reservoir is studied. The
proposed concepts of the mineralization and the cation content calculated from the quantitative relationship between the influences of the
monovalent cation and the bivalent cation on the viscosity could be used as the evaluation indexes of the polymer solution viscosity under
the condition of high calcium and magnesium. In order to reduce the effects of calcium and magnesium ions on the viscosity, a complexing
agent called the sodium citrate is added to the solution to improve the viscosity of the polymer solution. The experimental results show that
the sodium citrate has a high complexing ability, and the solution viscosity is significantly increased, though the calcium and magnesium
ion influence on the viscosity is not fully suppressed. This paper provides a theoretical guidance for the high calcium magnesium reservoir
polymer flooding technology.
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Table 1 Classification of reservoir in SINOPEC
g UNBE HEHR GAE p (Ca"+Mg*)
R/107wm®  fE/ (C) (mg- L") / (mg-L")
1 =500 <70 <10000 <200
11 =500 70 ~ 80 10000 ~ 30000 200 ~ 400
111 100 ~ 500 80~95 30000~ 100000 >400

1 hEEHREAYEERE

TLDUIH T 8O- 2401255 %20 600107 um?, ~F- 34 FL IR
J¥ 33%, JHZRE 79.2 mPa- s, R 62°C, [R5 KB 1k
J& 25338 mg/L, Ca™ \Mg™ i 1t ¥k &£ Fl1 R 1236 mg/L, X )& T
LAY AR EEI . ZRad 20 AR MK ERTT K, BRTEHEA S
FKW, ZE A KA 90% L L I AR L BGE A R RS
WIREE AR o AR SCSEE R F 2 v B A A db s Ak T g Be s
PR 3 RS ER AR A . HPAM3 \(KYPAM6 FINY-1, Hif
PEAEAR AR TATI R IESR . FERG Wi i & i
B X Tl R [ 3 ¥ K LA R G B 1 AR, R R RV R 1
o 5EHE R A YR E R 20 A AR T
IRV S W R R BV AR IR SO, e R
TR7KBE ] 5000 mg/L SR A5 W BEE , 75 b 28 B /K 2898 A0 e e il
RERUHZ K, AR RER A YRR 2 T s B SR B

2 HETME
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559, 57 ARG M, o3 1Rl Y BRI 080 )N SR R B Wi T
FEEREAR; Ca iR G W R L FNAR R, o FHEIA , JF 5
A RIKAAE L, (SR W 7 A R BEDTTE , [RIRE I SR & i
FREEREAI,
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EAWFIE R, M FHE T Lb— BH 27X 26 B2 i 52 )
R B 45 BAR RS RR AR, AR SCLA Na' il Ca™ R ]
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FRA, ST Na' 5 Ca> X Bh S I ACE &

2.1 Na'#1 Ca* Xt 5 B 220

Bl 45t T 3R RE YT IR S Na it ik BE I G &R
Mgk H LRI 3R R A W W B 24 Bl Na JoT et ok 185 14
TN BRAR , I LV T 285 F 5 Na ot 2 vk B 2 0 U 1 o eR B
.o Y Na R EE A T 0~3000 mg/L I, I 9 %6 6 Na* it
T B P B TIP3 U ; Y Na B ¥ B R T 3000 me/L I,
W B IS8 SR G W o LRI BT i 5
Na' ik BT, Fh P TR .
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Fig. 1 Curves of viscosity vs. concentration of Na*
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Table 2 Viscosity of three kinds of polymers under
different concentrations of Ca*

Ca” ik JE i/ (mPa - s)

/(10°mg - L")  KYPAMG6 NY-1 HPAM3
0.20 24.03 12.69 18.79
0.18 24.61 13.18 19.39
0.16 25.37 14.18 21.01
0.14 26.47 15.34 24.44
0.12 28.20 16.60 26.47
0.10 29.63 — 29.26
0.08 32.80 21.97 32.89
0.06 42.16 25.02 40.00
0.05 47.10 26.94 44.16
0.04 51.42 29.86 47.08
0.02 72.22 41.67 63.51
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Table 3 Ca* concentration and its equivalent Na*
concentration with the same polymer viscosity

B 145 2 Na® ot i BE 5 30 B 8025 06 32 Am=54.809% n/ (mPa - s) (fofri;,l{l) flﬁzpm;NdL))/
p(Na®) ™ HRHE 2 v A Z5h JEE 1 11 s 1 2655 N e
J3E (F23) , AT N7 48 Ca® R ok V4R 38 601253850 Na VR JE 1 2403 0.20 15.13
2 (B2) . R 2 A MR B, Ca kv O 6 1 24.61 0.18 13.99
TN R HEE (12 B X BE] Ca R 2 o o o
VR P R IS TE K T Na™ s 76 3 PR S vk, — % 1] 5890 o1 003
[0 1 1 T A M PR A s ot S A P R AR, 20,63 0.10 759
T Ca® JT 5 U 35 0 7 (2453550 Nt JoF v J3 6/ N, R A Vs T 32.8 0.08 5.43
R RS 3 W OB R T BB 5 I RS . T 42.16 0.06 2.37
[ A I ZE I B R AN T AT LR 2 BT 47.10 0.05 L.65
Ca® R EHR K T— (A, SR A T8, R 10 , e 51.42 0.04 1.23
S A IR BERE 1 BSR4 S (6 4) 2.2 0.02 040
18 18 18
~15 ~15 ol () y=76.646x
212 J 60085 =12 =1 R*=0.9883
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2, i 25 e g0 s
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Fig. 2 Relation curves between concentrations of Na* and Ca* with the same viscosity of the polymer solution
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Table 4 Comparisons between the resistances to
calcium and magnesium
B5W HERPR
KYPAM6 34.85 (<600 mg/L.)  76.65 (>800 mg/L)

NY-1 40.70 (<1400 mg/L.)  58.17 (>1600 mg/L )
HPAM3 58.78 (<800 mg/l.)  66.08 (>1000 mg/L.)
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AL K B T A — M i o E(Na” K, — i)
PO B T BB (AL B T4 3R & W B L 96 b

Z— , TR R B B, i T A0 FH B X G 2 A 52 i e
RT—Wr BB T, B PR A E o R [ U5 4 ks
JZ27KH Na™ 5 Ca™ B L S50 — 8 1 ORI, X HEAS
(v 88 12 M S22 7K Xk 55 Wi VR L RS2 g S 280 A B
T B SO AFE RS T i, S AU B R B R SO A5
LR

FSHFLE T PIRHLZ K S B SRS i . ik
AL, AR ZE AN (RS R AN 2K 5 i T
AR 2 BTE EE KT AR 1, THE 08 A58 H - it R A5 4™
PCRE LR 7, I L REAS B S e SN 2 LA, s LA
T B R R 2R 5 T ARG FEE PR R A 5 5 N Jo e ok 2
SRR R AR BT, SRR
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Table 5 Comparisons of the viscosity among different irons (KYPAM®6 polymer)

- p (Na'+K")  p (Ca™+Mg™) B SER L AT FhEE/ (mPa - s)
o~ / (mg-L") /(mg-L") /(10'mg-L") /(10°mg-L") /(10'mg-L™") S A
HEAKI 8425 1236 2.5338 12 10.0 26.5 27.2
HEAIK2 6080 2850 2.1753 24 22.7 20.1 21.2
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Fig. 3 Curve of viscosity vs. complexation ratio
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