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A model for predicting elemental sulfur solubility and
deposition in high sulfur gas wells

WANG Guofeng
PetroChina Qinghai Oil field Company s Dunhuang 736200 ,China

Abstract: To evaluate accurately the extent of sulfur plugging damage in high sulfur gas wells, this
paper presents a model for predicting the solubility of elemental sulfur. The model takes into account
the solute pressure characteristics under typical high sulfur gas reservoir conditions,and was based on
a comprehensive analysis of a significant volume of experimental data on sulfur solubility in acidic
gases. Based on the above, a mathematical model for the quantitative characterization of elemental
sulfur deposition is theoretically derived according to gas-water percolation theory and the sulfur

solubility-pressure function. Finally, we used basic static and dynamic data from a high sulfur edge-
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water gas reservoir in Sichuan Basin, including a typical sulfur-plugged gas well, to analyze
quantitatively the factors affecting the sulfur plugging saturation of the gas countermeasures for
alleviating reservoir sulfur plugging. We discussed the variational patterns of reservoir sulfur
saturation and strategies for mitigating this issue,and we explored some technical ideas. The results
showed that: (1) through validation, it was demonstrated that the sulfur solubility prediction model
established in this paper had better predictive performance and the predicted results compared to
previous models. (2) The degree of sulfur blockage in gas wellswas influenced by a combination of
factors. Under the same production time, a larger daily gas production, initial reservoir water
saturation,non-Darcy flow constant,smaller effective reservoir thickness,initial reservoir porosity and
permeability,and bottom-hole flowing pressure caused more severe sulfur deposition blockages in gas
wells. (3) As the gas well production time increased, the gas well sulfur plugging area gradually
expanded into the periphery of the wellbore. Different strategies for sulfur deposition management
should be adopted at different stages of gas reservoir development. In the early stage of gas reservoir
development,it is recommended to adopt a “rate control first, treatment second” approach to sulfur
control;in the middle stage of development, a “control and treat together” approach should be
adopted; and in the late stage of development, economic benefits should be given priority, and
maintaining gas well production with liquids should be the focus of work in this stage. These research
results provided theoretical guidance and technical support for the efficient development of high sulfur
gas reservoirs.
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Table 1 Summary of the experimental data on sulfur solubility in sour natural gas
. /%
T/K p/MPa C,/(gem™ %) — - ~
C C, Cs- C, H,S CO, N,
1 373.15~433.15 10.00~60.00 0.108~3.450 65.00 \ \ \ 7.00 20.00 8.00 |
3 tal.,
2 373.15~433.15 10.00~60.00 0.042~3.220 81.00  \ \ \ 6,00 9.00 4.00 r“““;:: 1
980
3 373.15~433.15 10.00~60.00 0.043~2.820 81.00 \ \ \ 1.00 14.00 4.00
4 473.00 8.00~155.00 1.336~91.613 56.00 \ \ \ 42.00 2.00 \
5 485. 00 7.50~76.00 1.089~11.909 86.00 \ \ \ 9.00  5.00 \
6 398.00~458.00 6.70~134.20 0.712~55.816 57.00 \ \ \ 35.00 8.00 \ Brunner et al. ,
7 398. 00 7.00~43.00 0.021~7.816 45.00 12.00 \ \ 35.00 8.00 \ 1988
8 398. 00 7.00~43.50 0.053~10.814 45.00 \ 20. 00 \ 35.00 8.00 \
9 388.00~408.00 7.00~43.00 0.035~7.417 44.00 \ \ 12.00 30.00 6.00 \
10 303.20~363.20 30.00~45,00 0.057~0.284 87.65 \ \ \ 4.95 7.40 \
11 303.20~363.20 30.00~45.00 0.089~0.356 82.91 \ \ \ 9.93 7.16 \
12 303.20~363.20 30.00~45.00 0.118~0.666 77.71 \ \ \ 14,98 7.31 \ S |
Sun et al. o
13 303.20~363.20 20.00~45.00 0.012~0.814 75.48 \ \ \ 17.71  6.81 \ 2003
14 303.20~363.20 30.00~45.00 0.193~1.455 66.38 \ \ \ 26.62 7.00 \ )
15 303.20~363.20 30.00~45,00 0.081~0.317 89.14 \ \ \ 10.00 0.86 \
16 303.20~363.20 30.00~45.00 0.091~0.366 79.58 \ \ \ 10.03 10. 39 \
17 338.71~394.26 6.90~41.38 0.010~1.542 75,50 \ \ \ 24.50 \ \
Kennedy et al. ,
18 338.71~394.26 6.90~41.38 0.013~8.074 46.20  \ \ \ 5380\ \ i
960
19 338.71~394.26 6.90~41.38 0.252~5.488 40. 20 \ \ \ 32.30 27.50 \
/ 239
1 , N
303.20~485. 00 K, 6.7~ o
155 MPa, CH, 40. 20% ~ ;
89. 14%, H,S 1. 00% ~ Levenberg-Marquardt ( Gershenfeld et

53 80%., ,
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Table 2 Model fit coefficients and errors
G I o R’ MAE/(gem™?*) MRE/ %
1 —8062. 3328 7.4028 18.9751 0.989 0. 0685 15. 00
2 —8178. 3560 8.5563 19. 2964 0.972 0.0952 23.59
3 —8376. 6041 8.5704 19.5213 0.979 0.0753 18.52
4 —45.7759/—1. 3186 6.2310/5.9871 3.2927/3.4353 0.994/0.999 2.2084/0. 8243 66.06/2.76
5 0. 8370 8. 8982 2.0250 0.984 0.3755 18. 31
6 —7177.3216/—7137.4146  6.2586/6.1002 18.0637/18.1334  0.995/0.996 1.1937/0.9965 54.27/16. 42
7 1.8046/—2.2993 7.4001/7.2935 —1.0043/—0.8991 0.995/0.994 0.1583/0.1783 116.30/9. 34
8 —1.3387/—0.7396 6.3253/6.1254 —0.4855/—0,2847 0.995/0.992 0.2528/0.2685 94.39/6. 25
9 —11850. 2319 7.4148 28.1695 0. 986 0.2195 40. 32
10 —5002. 3785 6.3598 11.9782 0.990 0. 0058 3.93
11 —5148. 2396 6.0972 12.5366 0.968 0.0135 9.00
12 —6959. 7059 7.1731 17. 0822 0.975 0.0249 13.75
13 —7346.0148 7.5327 17,9528 0.987 0.0205 16.76
14 —7582.7834 6.2027 19. 6886 0. 994 0.0307 10. 10
15 —4735.1949 5. 7589 11.9022 0.961 0.014 10. 07
16 —5064. 0341 5.6113 12,4794 0. 964 0.0146 9.45
17 —9859. 8934 9. 4947 23.4662 0.988 0.0376 53.90
18 —8475. 0047 6. 8904 21,2747 0.970 0. 2744 26.43
19 —7254.8299 4, 8710 18.9937 0.991 0.1154 18. 98
—5848.2841/—5844.0284  7.0026/6. 9653 14.4847/14.5119  0.983/0.983 0.2736/0.1923 32.59/16.99
—9085.7228/—9337.6494  6.5028/6. 2947 22.0993/22.8404  0.984/0.990 0.6827/0.8135 65.03/24.91
/7
C 2, MT
R? 1( 0.983), MT
( ) 77 ) 2, )
. ; ( 4,6,7,8) MT
MAE  MRE 0. 005 8 ~ MRE (MRE 65. 03%
2. 208 4 g/m°( 0.273 6 g/m®),3.93% ~ 24.91%, 61.69%),
116.30%¢( 32.59%),  4,6,7,8 .
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