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ABSTRACT 

Computational model had been established to predict the coarse dust transport rate within the 

Malmberget mining area in northern Sweden. Matlab GUI designing had been introduced to 

enhance the computation process. Certain modification methods were developed in order to 

improve the accuracy of the model. Dust retention time was calculated to estimate the dust 

transport in the suspension form. Field calibration proves the code works fairly well for the 

coarse dust in the research area. 

Keywords: Model, dust transport, Matlab. 

1. Introduction 

Transport of particles is an important issue in any mining industry around the world due 

to environmental problem involved. It might have contaminant like heavy metal compounds 

within the particle; deposit may smear the houses and lower the air quality in the surrounding 

resident area. Furthermore, the particles can threat the health by entering the human 

respiratory system (U.S.EPA, 2008) PM10 (the particles finer than 10 micro meter) was taken 

as the upper limit of the respired dust size in both medical and geological research, and it 

draw great concern (U.S.EPA, 2008). This is due to their effect on human health. However, 

there is much less research on the coarser particles (particle with diameter larger than 10 

micro meters) (U.S.EPA, 2008) until recently.  

In order to illustrate the influence of the coarse particles transported from mining areas to 

the environmental and residential areas near the mining site, a mathematical model had been 

designed to illustrate the movement of these particles. This model had been applied on 

Malmberget mine site as a first step so that it can be tested and then it might be suitable for 

implementation on other sites. 
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1.1. Sand transport 

The processes involved in transporting sand by wind were summarized by Raudkivi 

(1976). Sand grains move by bouncing along the surface, a process termed saltation, and by 

surface creep. Sand grains, once dislodged, are carried up into the moving air by turbulence; 

they acquire energy from the moving air, and they settle through the air column due to their 

weight and impact on the ground. The Saltating grains impact on the ground surface at a flat 

angle and transmit a portion of their energy to the grains on the ground. Some of the grains 

on the surface are dislodged and are carried upward into the flow where they continue the 

process of saltation. Others are moved forward on the surface by the horizontal momentum 

caused by impact of saltating grains. This latter forward movement of sand on the ground 

surface is termed as “surface creep”. Saltating grains are capable of moving much larger 

surface grains by surface creep due to their impact (Raudkivi, 1976). 

Research on aeolian transport had greatly contributed to understand and define the 

mechanism of transported grains. Bagnold (1941) built up typical sand particle transport 

equations, and summarized procedures for calculating wind-blown sand transport as: 
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in which q is the mass transport rate in gm/cm-s, BBagnold is a coefficient; the mass density 

of the air ρa is 0.001226 gm/cm
3
 ; d is a standard grain size ,here it is 0.25 mm: D is grain size 

in mm; and u* is the shear velocity in cm/sec.  

Chapman (1990) provides an evaluation of several typical equations to predict calculation 

of sand transport, in which the predictive capability of the seven equations was investigated. 

Hsu’s (1986) equation, which is similar to Bagnold’s (1941) classical equation, is based on 

consideration of the turbulent kinetic energy relationship. It is recommended to be used for 

estimating sand transport rates for given wind speeds and mean sand-grain diameters within 

the range of empirical observations from which the equations were developed. The equation 

is expressed as: 
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where q is the sand transport rate in gm/cm-s; u* is shear velocity; g is acceleration of 

gravity; D is mean sand grain diameter; K is dimensional eolian sand transport coefficient. 

Neuman (1993) made a review of aeolian transport process in cold environments; he 

described a complex system of interactions between shear velocity, air density, etc. Simões 

and Chih Ted Yang (2006) pointed out that engineering models could range from three 

dimensional modeling of circulation surrounding a confluence, two dimensional finite 

element grids of water surface profiles and the more classic one dimensional approach of 

calculating over cross sections. 
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1.2. The study area 

The case study of a Swedish mining area in Malmberget was carried out for the model 

establishing. Malmberget mine operated by the company LKAB is one of the most important 

iron mines in Sweden. It is located at Gällivare (Fig.1), 75km south from Kiruna, and 

contains about 20 kinds of ore bodies. The mine covers a huge area spreading over 

approximately 5km from east to west and 2.5 km from north to south. Mining operations 

began in 1892, from then over 350Mt of ore rock was extracted. In 2006, it produced around 

one third of LKAB’s total production of 23.3MT of iron-ore products (Net Resources 

International). Surface open pit mining method (Fig.2) was firstly used to reach and exploit 

ore minerals, with a huge depression left on site thereafter large-scale sub-level became the 

predominant mining technology in Malmberget iron mine. The dust properties information 

was collected and supplied by the small collectors installed around the residential area. Not 

only the dust from collectors, but also the ground dust around the mining facilities was 

measured. The wind velocity profile was measured by the weather monitoring group in the 

mining company with every three hours reading. 

 

  
Fig.1. The city of Gällivare Fig.2. the mining open pit mining method 

 

Jia and Huang (2008) discussed the necessity of such a research by taking literature 

statistical review, and they continued the research of generation and transport of the particles. 

A case study was made in 2010 by Jia, et al., including dust particle characteristics and other 

properties, to measure the dust generation in the site.  

Aiming to monitor the visualized effects and control the dust transport problems, serials 

of numerical models were designed to be built to help the further research. 

2. Method 

The dust particles around the open pit in the Malmberget mine were taken as an example 

for the model calculation. Four soil samples were taken using shovel at different depth from 

the edge of the pit and the surface area nearby the pit.  The sampling locations are shown in 
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Fig. 3. The laboratory works contains sieving and density calculations were performed to 

check out the particle characteristics needed for the model (Jia, et al, 2010) 

 

 

Fig.3. The open pit and sampling locations 

 

The one dimensional model is the best and easiest entrance to the complex air fluid 

dynamics. Together with the experimental data calibration and field case study, the model 

will work more precisely for the initial prediction of the transport of dust particles around the 

mining area. The normal steps recommended by the typical sand transport equations are :a) 

Obtain average wind speed data; b) Obtain the density and median grain size for the sand 

particles at the study site; c) Compute the critical shear velocity u*, for the mean grain 

diameter; d) Compute the critical wind speed at the 2-m height U2m using with the value of u*t 

computed before (This is the wind speed measured at the 2-m height that can initiate sand 

transport);e) Compute the critical wind speed at any height above the ground using  U2m and 

u*t ,only wind speeds is excess of the critical wind speed will result in sand transport. Based 

upon these steps, the model is mainly divided to three parts:  
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2.1. Input data and initial analysis:  

All the necessary data was collected according to the field case study and laboratory test. 

The data about wind profile includes time of measurement; wind velocity; wind direction and 

the height of the measurement. The data about experiment includes particle size distribution, 

density; etc. The initial data analysis was made to find out the particle size distribution by 

calculating the median size of the sample. 

2.2. Computation and calculation:  

The computation and calculation procedure will be done using the input data. The critical 

shear velocity for median size of the particle was calculated using Eq.3 (Bagnold, 1941) 
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 where ρs is the mass density of the sediment; ρa is the mass density of the air; At is a 

dimensionless constant (At = 0.118 for air). 

The effect of moisture that increases the critical shear stress was not considered here. 

Then the critical threshold velocity at the height of 2m was calculated with Eq.4: 

mUu 2*   (4) 

 

where U2m is the average wind speed at 2-m height above the ground. The coefficient 

depends critically on the height of the roughness element as shown in Fig.4 (Hsu, 1977), so 

that we need to check out the particle carefully before computation.  
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Fig.4. Aerodynamic roughness element lengths Z0 and relationship between shear velocity U* 

and wind speed at the 2-m height U2m    (Hsu, 1977). 

 

From the last two calculations, the threshold velocity for the height at which the 

measurement equipment installed was calculated. Eq.5 was used to compute the critical wind 

speed at any height above the ground using the u2mt and u*t. 
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where Z2 and Z1 are the two different heights; Uz2 and Uz1 are the velocity at the two 

different heights;   is the von Karman’s constant ( = 0.4) 

 

2.3. Calculation and analysis:  

When the calculation of the wind velocity and critical shear velocity were preformed, the 

retention time and transport rate of the dust were analyzed. The analysis will focus on the 

following questions: a) whether the wind speed exceeds the threshold velocity; b) once the 
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wind speed exceeds the threshold velocity, how much particle sediment can be transported, 

and how to calculate it; c) how much dust is transport in certain measurement time period. 

 Considering of the large amount of the computation involved, Matlab codes was 

designed to be used to enhance the computation and the analysis procedure.  

When there is no precipitation, and the wind speed achieved the threshold, we computed 

the particle transport rate using Hsu’s Eq.2 or Eq.8 (Hsu, 1977): 
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 The coefficient K is given by 

DeK 91.463.9                                                                                               (6) 

where D is the mean grain diameter in millimeters                                           

Eq.2 and Eq.6 can be used to estimate sand transport rates for given wind speeds and 

mean sand-grain diameters within the range of empirical observation from which the 

equations were developed. Eq.2 can be rewritten into a dimensionless form, which allows it 

to be used with any consistent set of units. The revised equation can be given as: 
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where va is kinematic viscosity of the air; ρa is the mass density of the air. The 

dimensionless coefficient K
’
 is given by  

DeK 91.400.1'                                                                                                (8) 

where D is the median grain diameter in millimeters. 

The model was performed separately for all the four samples, to check out the 

relationship of the potential dust transport rate according to the information obtained. 

3. Results and Discussion: 

The Matlab computer program helped with speeding up the calculation process. 

According to the three parts described in the model design, the codes were written to serve to 

normalize the computing and analyzing processes. The equations used in the model were 

transformed into computer language, to show the results faster than normal calculations. The 

huge amount of every three hours record for a period of one year was easily resolved.  

The input data of wind profile was provided by the Swedish hydrological and 

meteorological institute. It includes the measuring date, time, wind velocity and moisture 

content at the measuring point. The measurements were taken at three hours interval. The 

period covered was from August in 2009 to August 2010. Other climatic data were not 
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considered in the design of the model because they were not provided. The model design will 

be modified once the data is provided. The Laboratory works about the particle 

characteristics were made by hand sieving, laser diffraction, and density measurement. The 

result of size distribution and density are given in Fig.5. 

 

 

Fig.5. Matlab GUI window designed for input analysis showing the sediment size 

distribution. 

 

The Matlab computer codes find the median size of the particles, from the size 

distribution data of the accumulative curve. The density will be used together for calculating 

the critical shear velocity for the median size of the particles. With the input of the measuring 

height, the code can compute the threshold velocity at those levels quickly (Fig. 6). 
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Fig.6. Matlab GUI window designed for computation 

 

The threshold velocity at different heights were calculated and then compared to those 

actual field measurements. When the velocities calculated were exceeding the threshold 

values this implies sediment motion otherwise the sediment are not in motion. 

With filtering out the velocities, the transport rates at the certain time points were 

calculated. Then these results are the theoretical transport amount per unit time per unit 

width. (Fig. 7) 

 

 

Fig.7. Matlab GUI window designed for analysis 

The results were treated furthermore with different time interval (3 hours) to get the 

theoretical mass transport amount per unit width in the one year tested time period for the 
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four samples. Fig. 8 shows the relationship of the potential transport amount per unit width 

during the measurement time period. 

 

Fig.8. Prediction of the transport rate over the measurement time 

 

The Nr1 and Nr 4 samples were taken from the operation area in the slope of the open pit 

(Fig. 2), they have much higher potential transport relative to the model calculation. Nr 2 and 

Nr 3. This might be due to the fact that these samples were stable because they were taken 

from the bottom of the open pit.  

4. Modification:  

The theoretical calculation of the model gave the ideal situation without considering the 

effect of precipitation and evaporation. In case there is precipitation at a certain day, then the 

amount of precipitation should be compared with that of evaporation. If evaporation exceeds 

precipitation, then the model will compute the potential sand transport rate using Eq. 2 and 

Eq.6. If precipitation is in the form of snow, there will be no sand transport until the snow 

cover has melted. Consequently, days with snow and days known to have snow cover are 

excluded from the record. The net precipitation information is presented in Fig. 9. 
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Fig.9. The precipitation information for the Malmberget mine area. 

The results shown in Fig.10 indicate that sediment transport by wind is influenced by 

metrological variables. The wind velocity variations controlled the dust transport in the 

autumn and spring over the measurement area due to relatively low precipitation rates and 

high wind. 

 

 

Fig.10. The potential transport rate with consideration of the precipitation. 

 

The low transport rate in winter is due to the snow cover which decelerate the sediment 

movements and the same is true during summer where rain affects the sediment transport. 

The future works with more precise measurement of the dust transport in field would improve 

the accuracy significantly.  
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5. Conclusion: 

The one dimensional model made here can calculate the theoretical dust transport rate 

using the wind velocity and sediment characteristics. The model can predict initial transport 

of the sediment easily and quickly. The advantage of the model is the little input data 

required and its results can help researchers to establish the first simulation and impression of 

the dust transport routine. The model can be improved in future by including the climatic 

variables. In addition, the model can be calibrated for individual area using field 

measurements. Generally, the model is a good starting point to estimate the dust transport in 

mining areas.  
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