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Influencing Factors and Optimization Analysis of Resistance in Pipeline
Transportation of Ultra-fine Tailings Slurry

WANG Lihong', YAO Yinpei®
(1.Changsha Research Institute of Mining and Metallurgy Co., Ltd., Changsha 410012, Hunan, China; 2.School of
Resources and Safety Engineering, Ceniral South University, Changsha 410083, Hunan, China)

Abstract; To rationally select parameters for pipeline transportation of ultra-fine tailings slurry, the influencing factors of
pipeline resistance in transportation were classified based on theoretical analysis. Effects of different factors on resistance
loss in ultra-fine tailings slurry pipeline were investigated by adopting response surface methodology (RSM ), and the
significance of each factor was obtained, for which engineering verification test was performed then. The results show that
those three internal influencing factors, such as slurry concentration, slurry temperature and cement-sand ratio, are in
descending order of sensitivity, and the interactions among them, including interaction between concentration and
temperature of slurry, interaction between slurry concentration and cement-sand ratio, interaction between cement-sand
ratio and slurry temperature, are also in descending order of sensitivity; while the external factors, such as pipe
diameter, flow rate and stowing gradient, and their interaction, including interaction between pipe diameter and inlet
flow rate, interaction between pipe diameter and stowing gradient, interaction between inlet flow rate and stowing
gradient, are also in descending order of sensitivity. The factor optimization results indicate that with fixed external
factors, the optimal combination of slurry properties are as follows: slurry concentration of 63.5% , cement-sand ratio of
1:6, and slurry temperature of 51.5 °C; while with fixed internal factors, the optimal combination of transportation
parameters are as follows: pipe diameter of 270 mm, inlet flow rate of 1.63 m/s, and stowing gradient of 5. Based on
verification test, it is found that the maximum calculation deviations of the confidence interval under the influences of
internal and external factors are 10.82% and 3.41%, respectively.
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Fig.1 Classification of influencing factors of pipeline resistance in transportation
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Table 1 Experimental factors and factor levels Table 3 RSM under influences of external factors
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B % 61 63 65 2 320 1.4 3 52.731
N YR 1:10 1:8 1:6 3 180 22 3 80.441
BRI/ C 30 40 50 4 320 2.2 3 56.715
12/ mm 180 250 320 5 180 1.4 7 70.701
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Table 4 Variance analysis of internal factors in test with RSM
FEFKIE AW CFHM By F{i P RBFEHE

mYEE: e 9  7.95182 0.88354 7.95  0.002 5

BEEHE(A) 1 231909 231909 20.88  0.001 i

JKAPHEL(B) 1 099367 0.99367 894  0.014 &

BHREEC) 1 1.25576 1.25576 11.30  0.007 &

A? 1 2.32648 2.32648 20.94  0.001 R

B2 1 0.05087 0.05087 0.46 0514  —

c? 1 006579 0.06579 0.59 0459  —
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AC 1 1.69885 1.69885 1529  0.003 IR

BC 1 0.13348 0.13348 1.20 0299  —
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Table 5 Variance analysis of external factors in test with RSM
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Interaction of slurry concentration and cement-sand ratio on resistance loss
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Interaction of mass concentration and slurry temperature with resistance loss
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Fig.5 Interaction of pipe diameter and inlet flow rate on resistance loss
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Fig.7 Interaction of inlet flow velocity and stowing gradient on resistance loss
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Table 6 Design parameters of mine backfill
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Table 7 Verification test results
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Table 8 Parameters of verification test and calculation

for confidence interval
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) THE/
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