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Abstract

Significant amounts of minerals accumulated in depots are scattered by wind and will cause
environmental pollution. The potential of microbial-induced calcium carbonate (Biogrouting) is investigated
in stabilizing mineral accumulations against the wind. In this method, the components of the unstable
geomaterials (minerals or crushed and accumulated tailings) are bonded together using calcium carbonate
deposition created by the action of the Sporosarcina Pasture bacteria and will be stable against wind. This
study tested laboratory-scale accumulations of Leach waste from Angouran lead and zinc mineral processing
plant under different amounts of grout base materials (different volumes of bacterial solution, calcium
chloride, and urea) and different wind speeds. In order to design laboratory models, the response surface
method with 5 levels of variation was used, which led to 31 laboratory tests. The following research
calculated and presented the optimal consumption values of the grout components. The tests showed that
22% of the accumulated soil is scattered with a wind speed of 10 meters per second. This depot can be
stabilized using biogrout, and scattered materials can be reduced to 0.54% in one stage improvement process
(under bacterial solution, calcium chloride, and urea about 0.56 ml/cm?).
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1- Introduction

The wind has the most significant potential for rapid transport of fine dust because air moves
much faster than surface water and groundwater [1]. Dust particles are problematic in almost all
mines. Dust is potentially hazardous to human health, the environment, and working conditions, as
well as the productivity of a mine [2]. Mining operations destroy the natural surface of the earth and
lead to the production of many minerals and wastes. After obtaining the ore, the crushed materials
are accumulated in the depots. However, with the wind, a large amount of accumulated materials,
which sometimes contain heavy elements, are lost, and the surrounding environment is polluted [3,
4]. Stabilizing minerals stored in depots and preventing the release of these minerals by the wind, in
addition to economic benefits, will reduce air pollution and thus promote community health and
environmental protection. One of the new methods and technologies in preventing the spread of
dust is using microorganisms that cause particle adhesion. The microbial precipitation of calcium
carbonate using Sporosarcina Pasteurii can stabilize soil or other particles without disrupting the
original structure. The precipitation process is such that it first covers a thin layer of sediment
around the particles. Then, a bridge is formed at the junction of the particles, which is the leading
cause of soil consolidation [5].

Rajabi et al. (2019) studied the effect of the microcarbonate precipitation process of calcium
carbonate and inoculation of soil with Sporosarcina Pasteurii as a bioremediation to inhibit wind
erosion and soil stabilization. Their study investigated the erosion rates of cemented samples in
various wind speeds in two soils with silty and sandy textures. Examination of the threshold
velocity of soil particles showed that soils with a silty and sandy structure start to move at a speed
of 8 km/h and 10 km/h, respectively. However, in all biologically cemented samples, the particles
did not move at 97 km/h [6].

Farashahi et al. (2019) investigated the effect of spraying the calcium carbonate precipitating
microorganism on the surface of coal to control dust. For this purpose, the bacterium was sprayed in
specific volumes on selected coal samples, and the samples were compared at two different wind
speeds. Samples were classified at 4 different ages from 2 to 14 days, and the percentage of mass
separated from the surface by airflow was examined. Results show that the proposed method
effectively reduces the spread of coal dust and that bacterial spraying has improved dust
stabilization by up to 87% compared to the control samples (dry coal dust) [7].

Chae et al. (2021) measured the ability of the Sporosarcina Pasteuri bacterium to stabilize four
types of soil against wind. The types of soils studied are medium-grained sandy soils, fine-grained
sand, loam, and loamy sands. The slurry (bacterium, calcium chloride, and urea) was added using
two combination methods and poured into the samples. Results showed that the combination
method was effective in all types of studied soils, but in the pouring method, only sand with
medium grain size had become resistant to wind [8].

Examination of previous studies has shown that microbial precipitation of calcium carbonate can
effectively stabilize the soil. This paper investigates the interaction of variables affecting the control
of mineral dust emissions (values of components and frequency of slurry spraying) against different
wind speeds on the leach tailing of Angouran Mine (The largest lead and Zinc mine in the Middle
East). The laboratory tests were performed and analyzed using the Response Surface Methodology.

2- Materials and Methods

The materials used in the experiments of the present study are Leach tailing of lead and zinc
processing plant, Sporosarcina-Pasteurii bacteria with an optical density of about 1, urea, and
calcium chloride. Also, the response surface method in "Minitab 19" software has been used to
design the test model.

The laboratory set designed and built to simulate the accumulation of waste material against the
wind is shown in Figure 1. This set includes an electric motor (a) with a power of 750 watts and a
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maximum frequency of 50 Hz, capable of rotating 2775 rpm. The engine and propeller (b), with a
52 cm diameter connected to its axis, can produce wind flow. This set makes winds up to 14 meters
per second.

Fig 1: Designed and built laboratory device

3- Findings and Argument

According to the design of the experiments and built laboratory set, 31 laboratory tests were
performed.

After extracting the results of the experiments, a suitable mathematical model was presented
between the independent variables and the response value.

R(%)=0.2386+0.1318(A)-0.1105(B)-0.0439(C)-0.0361(D)+0.0298(A%)+0.0171(B?)-0.0264(C?)-
0.0114(D?)-0.0367(A*B)-0.0159(A*C)+0.0034(A*D)+0.0434(B*C)+0.0141(B*D)+0.0307(C*D)

In this equation:

A: wind speed (m/s), B: number of spraying times, C: the amount of bacterial solution (ml/cm?),
D: the amount of calcium chloride and urea solution (ml/cm2). The predicted values follow the
quadratic polynomial model, which is statistically significant according to analysis of variance. In
order to verify the validity of the proposed model, two P-value comparison tests for the regression
model and residual values have been used. If the proposed model is approved, it should be well
consistent with the registered laboratory results (i.e., at a 95% confidence level, the P-value is less
than 0.05) and vice versa; there should be no fitting on the residuals (Residual P-value is more
significant than 0.05). In the proposed regression model, the P-value <0.0001, and in the residuals,
P-value = 0.158 were obtained. Two conditions are met, and therefore, the proposed model is
sufficient.

The correlation coefficient of the proposed equation is 94.32%, which indicates a good
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correlation between the model results and laboratory results. In general, the importance of each
variable in the model is determined by its P-value. The coefficients of the quadratic model variables
and the P-value for each variable are determined by ANOVA. The analysis shows that factors (A,
B, C, D) and (A% C?) are more important than factors (B, D?). Also, the factors (A * B) and (B *
C) are more important than the factors (A * C), (A * D), (B * D), and (C * D) in the proposed
model.

The effect of the studied variables and the percentage effect of each factor on the response is
observed in the Pareto plot. The highest impact on the response was related to wind speed, number
of spraying times, and the volume of bacterial solution, with the percentage of effects 10.93%,
9.16%, and 3.64%, respectively.

4- Conclusions

The scattering of crushed materials from mineral deposits or related tailings due to wind is one
of the major problems of the mining industry. In many cases, the accumulated tailings in the
vicinity of mines and processing plants contain minerals, which will be used as secondary sources
to recover valuable elements soon and with the advancement of technology. Therefore, it is
necessary to develop a method to preserve the minerals and the possibility of reprocessing them in
the future. One of the methods of stabilizing the accumulations is calcium carbonate deposition to
connect the surface soil grains and create a cover on them. This article measured the effect of
biological slurry components in controlling soil release from the tailings accumulation of the
hydrometallurgical process of lead and zinc processing plants. Influential factors in the performance
and production of biological slurry, including wind speed, the number of times slurry is sprayed, the
volume of bacteria, and the volume of other slurry components (calcium chloride and urea), have
been investigated using laboratory tests. In designing the required tests, the response surface
procedure method (type of central composition design) was used, and the results of these tests
finally led to the presentation of a model. The comparison of the results of the tests and the
proposed model is based on variance analysis, which shows the positive performance and reliability
of the model. Based on the obtained results, the studied factors significantly affect the amount of
soil removed from the accumulation. However, after the wind speed (environmental variable), the
number of times slurry spraying (executive variable) had the most significant effect, so its effect
was more than twice the other factors. Using the proposed model makes it possible to decide the
optimal determination of biological slurry components in wind-blowing conditions with different
speeds. The results of the tests show that using microbial deposition of calcium carbonate can
reduce more than 97% of wasted soil and control the generation of dust.
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1. Optical Density (OD)

2. Unified soil classification system

3. Response Surface Methodology (RSM)
4. Design of Experiment (DOE)

5. Central Composite Design (CCD)

6. Anova
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