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Influencing Factors and Critical Salt—Precipitation Model for High—Salinity
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Abstract : High—salinity produced water is prone to salt precipitation in the gathering and transportation process of oilfields , which af-
fects pipeline transportation safety and system stability. To address salt precipitation in produced water from a high—salinity and high—
alkali reservoir in Mabei Oilfield, this study conducted experiments on salt precipitation factors, single—salt critical salinity, and
mixed—salt cooperative precipitation experiments, based on produced—water property testing and water—chemistry analysis. The results
showed that the salinity of the aqueous phase from Mabei Oilfield is approximately (2.5-3.0) x 10* mg/L. The produced water is of the
sodium bicarbonate type, and the main ions are Na*, CO3", HCO3, and CI". The system basically reaches salt precipitation equilibrium
after 20 min of cooling. Sand content of 1%—-5% and oil content of 0%—-40% have little effects on the critical salt precipitation salinity of
the free water phase. The critical salinity of NaCl changes only slightly with temperature , whereas Na,COj; is the most temperature—sen—
sitive salt and is an important driver for salt precipitation. The critical salinity of the NaCl-Na,CO;-NaHCO; mixed—salt system gener—

ally grows with increasing temperature and is significantly affected by salt proportions. A cooperative mixed—salt precipitation model
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was further established. After interactive correction , the mean absolute error for the D-M mixed—salt system decreased from 10.68% to 6.76%,

indicating that the critical salt precipitation salinity of the mixed—salt system is controlled by the Na* common—ion effect, carbonate equilibri—

um transformation, and high—ionic—strength coupling. The findings of this study provide a theoretical basis for salt precipitation risk prediction

and process optimization for the gathering and transportation of high—salinity and high—alkali produced water in Mabei Oilfield.

Key words : high—salinity produced water ; aqueous—phase composition; salt precipitation behavior; critical salinity ; salt precipitation model
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Tab. 1 Results of ionic composition analysis of the aqueous phase

of produced water

75 B B/ (mg- 1)
1 Na".K* 12 147~12 811
2 Cox 10 191~10 807
3 HCO, 8 626~11 130
4 cr 897~1 040
5 S0 87~95
6 Ca® <0.84
7 Mg <0.51
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linity during cooling
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Fig. 2 Effects of sand content on critical salt precipitation

salinity during cooling
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during cooling
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Tab. 4 Critical mineralization of mixed salts at different temperatures
(BAfI:10* mg-L™")
205 10°C 20°C 30°C 40°C 50°C

A 7.8 9.3 10.6 12.2 13.6
B 31.4 31.6 31.7 31.9 32.1
C 12.4 21.1 36.1 43.0 42.0
D 13.4 22.4 28.6 31.9 34.6
E 8.3 9.9 11.3 12.9 14.4
F 19.3 21.8 23.6 25.8 27.7
G 10.8 13.1 14.8 16.8 18.8
H 15.2 23.4 25.8 28.4 32.5

10.3 12.2 13.6 15.3 16.9
12.1 14.3 16.0 18.0 19.9
15.6 20.5 22.7 25.2 27.3
14.5 21.5 23.9 26.2 28.8

—

= N

17.2 19.8 21.6 24.0 25.9
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Fig. 5 Ternary diagrams of critical salt precipitation salinity for
mixed salts at 10~50 °C
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Tab. 5 Error comparison of mixed—salt prediction models

H) SRR PR Eokgand
e R 2/% R%Z1% TR2E1%
BAER BRI +8.21 10.68 24.10
A HAE IERTY +1.99 6.76 23.72

F 26 ST, B R L i AR 7R R A% S i A2 R 1 &R Ife
TR 1 AR AR A R B (AR A — E IE w22
S 2 4 X6k 15 25 4110.68% . 51 A Na* 3 [R] 25 —F 21
CO,> THCO, Tk i 15 V- iz Ak 0T FINaCl-filk iR 45 55 25 1
SR 5 R A LIS, 28 BB E AR RN 1) OF- 35 4 X iR 25 B &
6.76% , V- 24 K 4T 1% 22 1 +8.21% K 2= +1.99% , i FH &2
ER PR R A B Ak B Ol = R RV A BE 7 Y R 2
BN A2 23R U VR FH AL s

AN R R R 22 AR WL 3R 6, A8 HAB IERIRY
TE20~50 “CHt [ P4 44 2 9 HE SRR A - 34 4 X 1 2,
HAES0 “CHY H19.48% % 25.36% , B 58 i, 10 °C
AR R 22 450, T RE SRR A F T Na,CO 56
KRG ERAHRR E A K

*6 AEIBE TEHERER TYHEIZE

Tab. 6 Mean absolute errors of mixed—salt models

at different temperatures

SR C %ﬁ%@ﬁﬂ iﬁﬁiﬁﬂ
AR 1% AR 1%
10 7.00 7.25
20 10.22 6.66
30 13.51 7.23
40 13.17 7.29
50 9.48 5.36
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Fig. 6 Comparison between experimental and predicted critical sa-

linity of the mixed—salt system
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Fig. 7 Comparison of relative errors of mixed—salt prediction models
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