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Optimization of Slurry Pipeline Transportation Process Parameters Under Variable Filling Gradients
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Abstract: Advancements in exploration theory and equipment have significantly enhanced mine reserve expansion. However,
adapting new resources in the deep periphery of mines to existing production systems requires reassessment. Green stoping-and-
filling operations face challenges from varying filling gradients and existing slurry pipeline transportation parameters that no
longer meet practical demands. To address these challenges, tests were conducted on the particle size distribution of backfill
materials and slurry flow performance at the mine. Results identify that a reasonable range of slurry mass concentration is
70%-72%. Through theoretical analysis and calculation, the matching degree between the design parameters of the existing
filling system and the ore body filling gradients was verified. The maximum gravity flow filling gradients of the slurry mass
concentration of 70% and 72% are 9.31 and 5.56, respectively. Simulation models were constructed to verify the correctness of
theoretical analysis. The results show that a 72% slurry mass concentration is suitable for gravity flow transportation in older
mine zones with filling gradients of 2.3 —4.9, while reducing concentration to 70% enables gravity filling in high-gradient goafs
with filling gradients of 7.2 — 8.7 in newly developed zones. For the mine to achieve optimal technical and economic
performance, two schemes are proposed: implementing additional pumps to transport slurry with a mass concentration of 72 %
under pressure(first scheme), and utilizing slurry with a mass concentration of 70% for gravity flow (second scheme). A
comparative analysis shows that the first scheme has obvious advantages and disadvantages, while the second scheme requires
no technical modification, offers a more reliable process, and reduces operational costs by RMB 2 334 500 compared to the first
scheme. Therefore, the second scheme is the preferred option.
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Table 1 Particle size test data for filling materials

Ktz / pm LRE/Y% KR 14/ % KA1 s 20/ %
—5 12.37 14.89 13.88
—10 22.87 25.34 23.91
—20 34.96 40.28 36.28
—50 52.66 60.19 55.21
—175 61.82 70.76 64.45
—150 80.51 88.92 84.97
—250 93.61 97.35 95.19

—500 100.00 100.00 100.00
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Table 2 Results of slump test

Jh e/ % YHEBEE/ cm
74 25.9
72 27.4
70 28.7
68 29.2
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Table 3 Rheological parameters of filling slurry

JoT it v B/ A y/ Jitt IR BY Y1) i FE R
% (N/m?) to/Pa n/(Pa < s)
70 19 993.0 6.337 0.479
72 20 558.3 12.761 0.807
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Fig.2 Cloud diagrams of pressure and flow velocity of slurry under different parameter conditions
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Table 4 Simulation model for transport flow
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Fig.3 Filling chamber configuration
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Fig.4 Relationship between filling strength and cementing

agent consumption under different mass concentrations
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Table S Cementing agent consumption corresponding

to filling strength
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Table 6 Technical and economic comparison of two schemes
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