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CONSTRUCTION OF A GEOECOLOGICAL MAP OF DUST
PARTICLES TRANSFER FROM THE SURFACE OF THE SHYMKENT
LEAD (PLUMBUM) FACTORY DUMP

The study of horizontal migration of heavy metals is relevant for Shymkent city. In 1934, lead
processing began, and sludge waste was stored on the territory of the lead factory. Ameliorative
or other structures capable of reducing dust emissions have not been built around the lead dump,
allowing lead dust to freely spread over long distances from the SPZ (sanitary protection zone). In
this article, the horizontal migration of lead dust was studied based on climatic and calculated
data by building a physical model; in addition, a geoecological map was built. This work has
practical significance for further ecological and geochemical assessment of soils for the content
of heavy metal concentrations, since it visually characterizes the spread of lead dust along the
wind rose. To build a geoecological map of the transfer of impurities, we are faced with the task
of determining the rate of settling of hovering particles and their distributions depending on the
masses of particles and wind speed.

To determine the rate of deposition of lead particles in the atmosphere, we need to study the shape
of lead, background meteorological situation, particle diameter, solid particle density, medium density
and dynamic viscosity of the medium. The removal of dust particles from the surfaces of ash and slag
dumps of industrial facilities into the atmosphere under the influence of wind erosion, followed by their
deposition on the soil, is one of the most common ways of polluting the territories of industrial facilities.
As a result of the calculations, the surface concentration of dust particles was derived and a geoecologi-
cal map was compiled.

Key words: geoecological map, lead dumps, assessment of dust emissions, horizontal migration of
heavy metals, physical model of transport and scattering.

XK.K. 96irpa’?, A.A. Aaypos'?*, A.K. Aayposa', K.K. >XKanap’,
3.6. Canaxosa', K. K. XXambaxkun', M.X. LLlamekosa'

LXK PMK «OcimaikTep broaorusicel xxaHe bruotexHoaormscel MHCTUTYThI»,
KasakcTaH, AAMaThl K.

2 Oa-Mapabu AtbiHaarbl Kasak, YATTbIK YHuBepcuTeTi, KasakcraH, AAMaThl K,.
p p
3Kasak, YATTbIK, Arpapabik, 3epTTey YHuBepcuTeTi, KasakcTtaH, AAMathl K.
*e-mail: dias.daurov@gmail.com

LLIbIMKeHT KOpFacblH 3aybITbl OHAIPiCiHEH OOAIHIeH KaAADIK,
6eALLEeKTepiHiH Tapay )XOAbIHbIH, F€03KOAOTUSIAbIK, KAPTACbIH KYPY

LLIbIMKEHT KOPFaCblH 3aybiTbIHAaH GOAIHIEH ayblp METAAAAPAbIH XKa3bIKTbIK, MUIPaLMSICbIH 3epTTey
LLIbIMKEHT KaAachl yLiH e3ekTi maceAe. 1934 xbiapaH 6acTan KOpracbiHAbI KariTa 6HAEY >KYMbICTapbl
SKYPri3iAin, yrniHal peTiHae 6eAIHIeH KaAAbIKTap 3aybIT ayMarblHAQ OPHAAACTbIPbIAFaH.

KopFacblH YHMIHAICIHIH aiHaAaCbiHAQ LUAH, LUbIFAPbIHABIAAPbIH  a3alTyFa apHaAFaH MEAMOPATMBTIK
Hemece 6acka HbICAHAAP CaAblHOAFAHABIKTAH, KOPFaCblH LUaHpl Y3aK, KALIbIKTbIKKA €pPKiH TapaAaAbl.
Makanapa KAMMATTbIK, XK8He eCenTik AepekTep Heri3iHAe (hM3MKaAbIK, MOAEAb Kypy apKblAbl KOPFACbIH
LUAHbIHbIH,  Ka3bIKTbIK, MWUIPALMSCbl 3ePTTEAIN, Fe03KOAOTMSAbIK, KapTa >Kacaaabl. XKeAxublH 6afbiTbl
6OVbIMEH KOPFaCblH LIAHbIHbIH, TapaAyblH KOpHEKi TYpAE CUMaTTalTbIHABIKTaH, OyA eHbek 3epTrey
ayAaHblHAQ 8pi-Kapai TOomMblpakKa >KYPri3iAeTiH 3KOAOTMSABIK, 3epTTey MeH 6araray >KYMbICTapbl YiliH
MaHbI3Abl.

KocnanapablH, TaCbIMaAA@HY TEO03KOAOTMAABIK, KapTacblH KypYy YLWiH aAAbIMbI3AQ KAAKbIMAAbI
GOALLEKTEPAIH, LIOTY XbIAAAMABIFbIMEH KaTap OOALLEKTEPAIH 63 MacCaCblHa XOHE XKeA

JKbIAAGMAbIFbIHA
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TapaAy 6arAaHbiCbiH aHbIKTaAAbl. COHbIMEH KaTap aTMocepasarbl KOPFACbiH OOALLEKTEPIHiH, wery
>KbIAAAMADBIFbIH @aHbIKTay YLLiH KOPFACbIHHbIH MiliHiH, (DOHABIK, METEOXaFAalAbl, OOALLEK AMAMETPIH,
GOALLEK >KOHE aya TbIFbI3AbIFbIH 3ePTTEAIHAL. JKeA 3p03MsCbiHbIH, 9CepiHEH BHAIPIC OPbIHAAPBIHAAFbI
KYA-KO> YHAIHAIAEpPi O6eTiHeH waH 6eAlleKkTepiHiH aTMocdepa apKbiAbl TOMbIPaKKa TYCY, OHEPKaCINTiK
00ObeKTiAep OpHaAacKaH ayMakTapAa AaCTaHyAblH KeH TapaAfaH TypiHiH Oipi 6OAbIN TabblAaAbl.
Ecenteyaep HoTuxeciHAe LWwaH GOALLEKTEPiHIH KOHLIEHTPALMSCbl aHbIKTAAbIM, FTEO3KOAOTUSIAbIK, KapTa
KYPACTbIPbIAAbI.

Ty#in ce3aep: reosKOAOIMSIAbIK, KapTa, KOPFacbliH YMiHAIAEpi, WaH WbiFapbiHAbIAAPbIH Garanay,
ayblp METAAAAPAbIH  Ka3bIKTbIK, MUIPALUMSIChI, OOALLEKTEPAIH TacCbIMAaAAQHY >KOHE TapaAyblHbIH
(PU3MKAABIK, MOAEAI.
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HOCTpoeHue re03KOAOrMYeCcKomn KapTbl nepeHoca nbiAeBbIX 4aCTULL C MOBEPXHOCTHU
CBUHLLOBOro oTBaAa YMMKEHTCKOro CBMHLLOBOTO 3aBOAA

M3yueHne ropu3OHTAaAbHOM MUIpaLUMU TIXKEAbIX METAAAOB SBASETCS aKTYyaAbHbIM AASI TOPOAQ
YnmkeHT. B 1934 roay Hauaracb nepepaboTKa CBMHLA, a LUAAMOBbIE OTXOAbI ObIAM CKAQAMPOBAHbI
Ha TeppPUTOPMM CBMHLIOBOTO 3aBOAA. BOKpYr CBMHLIOBOro oTBaAa He MOCTPOEHbI MEAMOPATUBHbIE UAU
MHbIE COOPY>KEHMSI, CMOCOOHbIE YMEHbILUTDb TMbIAEBbIE BbIOPOCHI, BBMAY Y€ro CBMHLOBAs MbiAb CBO-
6OAHO PaACrpPOCTPaAHSETCA Ha AAMHHbIE AMCTaHummu oT C33. B AaHHOM cTaTbe OblAa M3yYeHa rOPU30H-
TaAbHasi MUIPaLMsS CBUHLIOBOW MbIAM HA OCHOBAaHMM KAMMATUYECKMX M pacyeTHbIX AQHHbIX MyTem Mo-
CTPOeHUs1 (PM3NYECKON MOAEAM, @ TakKe MOCTPOEHa re03KOAOrMyeckas kapra. AaHHas paboTa nmeet
MPaKTUYECKYIO 3HAUYMMOCTb AASl AAAbHENLLEN SKOAOTO-TEOXMMMYECKOM OLEHKM MOYB Ha COAEpyKaHue
KOHUEHTPALMIA TSIXKEAbIX METAAAOB. [TOCKOAbKY BM3YaAbHO XapakKTepm3yeT pacnpoCTpaHeHne CBUHLO-
BOW MbIAM MO PO3€ BETPOB. AAS MOCTPOEHMSI Fe03KOAOTMYECKOM KapTbl MepeHoca npumecei BGbiAn
MCMOAHEHbI 3aAa4M MO ONMPEAEAEHMIO CKOPOCTU OCEAAHMS BUTAOLMX YaCTUL, M UX PACNPOCTPAHEHUS B
3aBMCMMOCTM OT MACChl YaCTUL, U CKOPOCTU BeTpa.

[pn onpeAeAeHnn CKOPOCTU 0CEAAHMS YaCTULL CBMHLIA B aTMocdepe 6biaa M3ydeHa hopma CBUH-
ua, poHOBas METEOCUTYaLMs, AMAMETP YacCTULbl, MAOTHOCTb TBEPAOWM 4YaCTMLbl, MAOTHOCTb CpPEAbl,
AMHaMMUecKas BA3KOCTb cpeAbl. BbIHOC B aTMocepy MbIAEBbIX YaCTUL, C MOBEPXHOCTM 30AOLLAAKOOT-
BaAOB MPOU3BOACTBEHHbBIX OObEKTOB MOA BO3AENCTBMEM BETPOBOM 3PO3UN C MOCAEAYIOLLMM MX OCaXK-
AEHMEM Ha MOYBE SIBASIETCS OAHMM M3 HaMboAee PacrpoOCTPaHEHHbIX MyTeNn 3arpsa3HEHNS TEPPUTOPUI
PaCroOAOXKEHMs! MPOMBILIAEHHbIX 06beKTOB. 10 UTOry pacyeToB ObiAa BbIBEAEHA MPU3EMHAst KOHLEH-
Tpaums MbIAEBbIX YaCTUL, M COCTABAEHa re03KOAOrMyeckas KapTra.

KAloueBble CAOBa: re03KOAOrMYecKast Kapta, CBUHLIOBbIE OTBAAbI, OLIEHKA MbIAEBbIX BbIOPOCOB, ro-
PU30HTAAbHAs MUIPaLIMS TSIXKEAbIX METAAAOB, (DM3MUECKasi MOAEAb MepeHoca U paccesHus.

Introduction

With the development of industry, humanity
needs to overcome the consequences of high pro-
duction growth. When natural systems began to
change under human influence, uncharacteristic
agents and harmful substances entered the environ-
ment. In this chain of anthropogenic impacts, one
of the most dangerous and pressing issues is the
impact of heavy metals on humans and the natural
environment.

Due to the rapid change of industrialization
and the development of urbanization, soil pollution
with toxic metals is a global problem [1]. Indeed, in
the era of scientific and technological progress, the

negative anthropogenic impact on the environment
is becoming more intense and large-scale. Soils are
one of the first links in the biogeochemical food
chain and the initial stage of migration of metals in
the system, i.e., soil-plant-animal-food-human [2].
Local technogenic geochemical anomalies occur
around metallurgical industry enterprises, which are
characterized by a high content of heavy metals in
the soil and unfavourable sanitary and environmen-
tal situations [3]. Being mainly in a dispersed state,
heavy metals form local accumulations in the soil,
where their concentration is hundreds to thousands
of times higher than average planetary levels. For
example, more than 40% of oil-contaminated soils
contain high concentrations of heavy metals [4].
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Heavy metals are predominantly in a dispersed
state and thus form local accumulations in the soil,
where their concentration is hundreds to thousands
of times higher than the average planetary levels. For
example, more than 40% of oil-contaminated soils
contain high concentrations of heavy metals [4].

As past situations have shown [1, 5, 6], monitor-
ing and correcting direct environmental impacts of
the waste from abandoned industrial facilities on the
soil is an urgent and key part of the environmental
safety of the population. In particular, Chinese sci-
entists [1] recreated a spatial model that character-
izes the relationship between vertical and horizontal
migration of heavy metals in the soil as a result of
a comprehensive study on heavy metal content in
soil. The spatial model showed the dependence of
heavy metal concentration in the deep layers of the
soil profile on the intensity of vertical migration in
the surface layer.

Typically, concentrated metal contamination in
soils was airborne from smelters, causing long-term
contamination, especially in agricultural areas [7].
However, due to the high costs of research and soil
restoration activities, many factories and contami-
nated areas remain abandoned [1]. Heavy metals
coming from metallurgical enterprises worsen the
biological and chemical parameters of the soil and
disrupt its homeostasis [8].

According to the studies of Korean scientists
[9], the direct impact of zinc factory emissions on
the increased concentration of heavy metals in agri-
cultural lands was proven. This indicates the danger
of increased pollution not only in industrial areas,
but also the dispersion of polluted dust particles in
vertical space.

The Shymkent lead factory (modern name “Yu-
zhpolymetal”) is currently not functioning. How-
ever, the volume of waste is 1.8 million m? and is a
dump of lead sludge in the form of a mountain (folk
name “Lead Mountain), which for a long time has
been and remains a source of pollution of environ-
mental elements with lead and other heavy metals.
The situation in the research area is aggravated by
the fact that the stored waste is currently located
near residential areas. The territory of the studied
area is a steppe zone, without prominent hills and
lowlands. The Badam River and non-essential green
spaces are located next to the factory. Residential
areas start 3 km from the plant.

Kazakhstani scientists studied the influence
of the Shymkent lead factory on the health of the
population, and their data showed that 66% of the
surveyed children attending kindergartens in the af-

fected area have an excess of the MPC for lead in
the blood [10]. The excess of MPC was 3—4 times
higher than the average for the same age group in
Kazakhstan. In 45% of preschool children, there
was a decrease in the number of normal epithelial
cells of the upper respiratory tract. Other researchers
analysed the content of heavy metals in the soil near
the Shymkent lead factory. According to the results,
the actual values of zinc exceeded the MPC by more
than 300 times, and for lead by 40 times [11]. Previ-
ously, the area of contamination with lead and cad-
mium was also studied [12]. According to the data,
the pollution spread 8—12 km along the radius, and
in a south direction 6 km from the lead mountain. In
the immediate vicinity of the lead factory, a zone of
maximum contamination with a radius of 1-2 km
has been allocated.

Pearson correlation and Principal Component
Analysis (PCA) are often used to study the disper-
sion of heavy metals on the soil [1, 5, 13]. The Pear-
son correlation analysis method is used to compare
correlations in pairs between several factors to de-
termine the correlation between the studied heavy
metals themselves and their shift in soil layers
(depth) [1].

According to the purpose of the study, the con-
struction of a geoecological map is based on the re-
sults of a calculated physical model of vertical scat-
tering of heavy metals in the soil. Taking into ac-
count meteorological and landscape factors, as well
as physical and chemical properties of soil and lead
sludge, the method allows us to calculate the cor-
relation of surface concentrations of heavy metals at
the studied points.

Materials and methods

One of the most common ways that territories
of industrial facilities become polluted is by dust
particles being blown into the atmosphere from the
surface of ash and slag dumps of industrial facili-
ties under the influence of wind erosion, followed by
their deposition on soil.

We focused on the soil layer around the Shy-
mkent lead factory which was contaminated with
heavy metals due to the storage technology used for
production as a result of the dusting that occurred.
Using empirical observational material, correlations
of cases of high impurity concentrations with a cer-
tain combination of meteorological conditions were
established [14].

The assessment of dust emissions from the sur-
face of ash and slag dumps can be given by various
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methods, e.g., experimental, analog and calculation.
This article uses a universal method for assessing
the dusting properties of ash and slag dumps—a
calculation method based on the reconstruction of a
physical model of the process of wind erosion.

Mathematical models in modern conditions are
becoming a tool for studying human relationships
with the environment as they allow management of
natural resources while taking into account possible
anthropogenic impacts as components of the model.

Human activity poses new challenges in the vi-
sualization of anthropogenic changes in the compi-
lation of index maps of current changes using mod-
ern means and software mapping technologies [15].

There are three components of the wind erosion
process

— separation and take-off of a particle from the
surface,

—moving it in a dusty stream above the surface
of the ash and slag field,

— dispersion of ash eroded particles outside the
ash dump after the dust cloud descends from the dam.

The effect of wind-air flow on each individual
particle on the surface of the layer is associated with
several simultaneously operating mechanisms: fron-
tal aerodynamic pressure, prompting a shift in the
direction of the wind along the surface, a static pres-
sure drop that occurs when the particle flows around
and creates a lifting force and turbulent diffusion in

Table 1 — Results of the sieve analysis

the wind flow, creating variable pulsating forces in
magnitude and direction on the particle and weak-
ening gravitational and adhesive bonds of a particle
with a layer [16].

To determine the particle deposition rate and the
area of the dusting surface, it is necessary to carry
out several calculations based on the characteristics
of the ash dump, the wind regime and the character-
istics of the eroded particles.

The conditions for the formation of ash and slag
particles of the Shymkent lead factory have a bulk
character; the influence of the granulometric com-
position of deposits on the dusting properties of the
layer is extreme.

To determine the granulometric composition,
the following analyses are performed: sieve, sedi-
mentation or dispersion and microscopic [17]. In the
research, a sieve analysis based on mechanical sepa-
ration by particle size gradation was used.

A set of sieves ranging from 7 mm to > 0.25
mm was used. Two hundred grams of the sample
was taken from the lead slurry, placed on the upper
sieve of the kit and installed from the largest diam-
eter of the holes to the smallest. After shaking the
sieve with the contents, the material remaining on
each sieve was weighed and the yield of each class
in grams and as a percentage of the total mass of the
sample was recorded in Table 1. The analysis was
repeated twice to establish accuracy.

No. | The size of the sieve holes, Output Total output, %
mm er %
1 2,063 1,04 1,04
2 5 15,081 7,60 8,064
3 3,75 43,127 21,73 30,36
4 3 58,952 29,70 60,06
5 2 65,953 33,22 93,28
6 13,165 6,63 99,92
7 0,5 0,036 0,018 99,934
8 0,25 0,056 0,028 99,962
9 under 0.25 0,075 0,038 100,000
Initial product 198,508 100,00

Results and discussion

The greatest deflation was observed for a layer
with a predominance of 0.05—0.2 mm particles [8].
For the lead dumps of the Shymkent factory, accord-
ing to Table 1, this was 0.06%. Taking into account

an increase in the proportion of particles larger than
0.25-0.3 mm, the intensity of ash-slag blowing de-
creased sharply.

When assessing wind erosion (t/year) and the
average annual current removal of particles (gr/s)
from the surface of the dump, the individual charac-
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teristics of the eroded material and the wind regime
were determined as follows:

1) Average wind speed at the level of the weath-
ervane U__in the ash dump location zone was taken
as a weighted average value in the range from the
wind speed corresponding to the beginning of the
blowing of ash particles U . to the maximum wind
speed U__, taking into account the repeatability of
speed gradations.

2) The average size of eroded particles d_, was
defined as a weighted average value in the range
fromd_ toO:

davr =Z(da)z/zdz (1)

where: d — i is the fraction average particle size; a —
i is the fraction part of particles and i is the eroded
particles fractions number.

30 days
25 days
20 days
15 days
10 days

5 days

0 days

d = (7*1.04/100)+(5*7.6/100)+ (3.75
*21.73/100) + (3 *29.7) / 100 + (2 * 33.22) / 100
+ (1 *6.63) /100 + (0.5 * 0,018) / 100 + (0.025 *
0.028) / 100 =2.889 = 2.9 mm

To determine the average annual wind speed
at the level of the weathervane in a dust-hazardous
wind regime (U> U ) U_, it is necessary to per-

form the calculation according to the following for-
mula:

U_=%(UP)i/zPi, @)

where: 1 is number of speed gradations in the range
fromU_ toU_ ;U is average wind speed within a
gradation and P is proportion of the corresponding
gradation.

Necessary data: wind speed and its frequency
during the year, followed by gradation (Figures 1, 2,
3; Tables 2, 3, 4) [18].

® >19

@® >61km/h

meteoblue

Figure 1 — Repeatability during the year of wind speed

Table 2 — Repeatability of wind speed during the year

— repeatability of wind speeds of various gradations Pui,
%, throughout the year

4-5m/s — 12.7%; 12-13m/s — 60%; 18-20m/s —21.1%, >25 m/s —
5.2%, >35m/s — 0.8%

— repeatability during the year of the wind speed in the

4-5m/s — 44; 12-13m/s — 207; 18-20m/s — 73, >25m/s — 18, >35m/s
number of times -3

Substituting this data into the formula:
U, =45*127+125%60+ 19 * 21.1 + 28
*52+38*08)/(127+60+211+52+08)—

(57.15+ 750 +400.9 + 145.6 + 30.4) / 99.8 = 1384
/99.8 =13.8 m/s.
\
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Table 3 — Wind rose percentage ratio

North, % Northeast, % East, % Southeast, % South,% Southwest, % West, % | Northwest, %
8,9 10,4 16,5 23,4 8,8 9,5 12 10,6

Wind rose

Figure 2 — Wind rose

*Wind speed (green line) and direction (purple dots). Wind direction is shown in degrees: 0° = north, 90° = east, 180° = south
and 270° = west (labels on the right axis)

Shymkent 2022-01-01 - 2022-12-31
42.30°N [ 69.60°E 402m asl 365 days meteoblue
(30 x 30 km)

-
(=1
o

1 T T 1 1 1 I I 1 I ¥ I
a0 : =

min/max Temperature("C)
Relative humidity{%)

Precipitation {mm)
Cloud cover

Wind speed (km/h)

Figure 3 — Climate data




Construction of a geoecological map of dust particles transfer from the surface of the ...

Shear or dynamic flow velocity U* is the most
important parameter that characterizes the condi-
tions of wind erosion of the surface of a pulverized
material and determines the magnitude of the effort
generated by the flow to separate the particle from
the surface (or shear it along the surface). This pa-
rameter directly characterizes the degree of intensity
of turbulent pulsating motion in the boundary layer.
The value of U* is determined from the Karman-
Prandtl logarithmic equation, which takes into ac-
count the altitude gradient of the velocity of a dust-
free wind-air flow associated with the braking effect
of the underlying surface:

Uy [Ux=1/k-h(Z/d} )+8,5 3)

where: U, is wind speed at vane altitude Z, m/s; k
is Karman’s constant (~0,4); d is particle diameter
in m and Z is wind vane installation height in m.

Threshold (minimum) dynamic speed in m/s,
corresponding to the beginning of dusting (particle
rise), is determined by the graph in Fig. 2 or by the
formula:

U*t :A(O-gdl )0,5; O':,Dp/pv’ (4)

where: p, is air density in kg/m?; p, is aggregate
density of dust particles in kg/m’; g is acceleration
of gravity in m/s? and A is the empirical coefficient,
0.08 ~0.12.

Table 4 — Calculated data for determining the speed at the beginning of dusting

d, mm p, particle density, | p,, air density, A, empir.coefficient g, gravity U (dusting start
kg/m? kg/m? acceleration, m/s? speed), m/s
29 3,45 1,2754 0,6 9,8 5,84530422

Integral characteristic of the erodibility of parti-
cles is the deflation unit of the material m , which is
determined experimentally by blowing ash samples
taken at the ash dump in a wind tunnel, modelling
ash alluvial conditions. An empirical dependence
can serve as an approximate estimate of the order of
magnitude of m,,

my, = c-U? (U*2 —Uft), gr/m?s, (5)
where is  universal constant ¢ =100;
m_=100%*(0.18)**(0.18°-0.17%)=0.0037 gr/m’s

There are three forms of movement of eroded
dust particles under the action of an air flow: saltation
(bouncing movement), in a suspended state, by con-
tinuous movement of particles along the surface (drag,
rolling). The ash blown off the surface of the ash dump
and carried outside it is polydisperse, includes dust par-
ticles from submicron to 500 microns (hovering, up to
40 microns in size, and gravitating, which participate
in the saltation movement, up to 500 microns in size).
Large particles more than 500 microns can move along
the surface under the action of the frontal air flow force

10

continuously. These particles are practically not car-
ried outside the ash and slag field. Hovering particles
follow the wind flow and disperse at a considerable
distance from the ash and slag dump. The movement
of a particle in a suspended state occurs when the fi-
nal velocity of the particle falling (determined by the
particle size, shape, density) is less than the threshold
dynamic velocity for this particle.

During saltation, the air flow sets the initial lift-
ing pulse to the particle, then the particle moves
down under the influence of gravity and the force of
friction against the air.

The criterion for separating the processes of
solvation and suspension transfer is the ratio of the
dynamic velocity U, to the rate of gravitational set-
tling of particles V.. The boundary size of the dust
particle d ¢ (the minimum size of the saltation par-
ticle) separating the hovering and saltation particles
corresponds to the value of the complex

Us; [V; =1,0. (6)

The value d can be determined by the graph in
Figure 4.
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Figure 4 — The value of the boundary particle size d at different ash aggregate density

According to the.graph in Figure 4, the d;c value  from the ratio [y = Usx ; according to the graph in
corresponds to 26 microns. Figure 5.

Each value of the wind speed at the height of the
weather vane Uz corresponds to the limit (maxi- 1-P =3.0gr/em’2—P =
mum) size of the eroded particle @ax , determined -2.65 gnr/cm3, 3-P =20 gI;/cm3

8 8 8

8

microns

g

ash particles dmanx,

B

Maximum size of eroded

0
4 5 6 7 B 9 10 1"

Wind speeds at the level of the weather vane Uz, m/s

Figure 5 — The value of the maximum size of eroded ash particles
at different wind speeds at the level of the weather vane

According to the graph in Figure 5, the d val- U.-U,
ue is 560 microns. The height of the eroded particle a=0,0383 —dﬁ,
h (excluding the possible impact of ascending air o-dp (8)
flows and turbulent large-scale vortex formations) is
determined by the formula: where: U, is wind speed at the level of the dust
U1 1 cloud axis, taken equal to
hz—eff-—-K1+—j-h (l+a)—1} ,m (7)
g 4 a 0.8-U.,. )

A
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U,=0.8* 58 m/s=4.64 m/s’
a=0.0383 * (0.181* 4.64) /2.7 * 0.12 =
=0.099 = 0.1
h=(4.64)/9.8%1 /0.1 * (1+1/0,1) *
*In(140,1)-1) = 1.06m

Flight of the salding particle over the ash — slag
field is determined by the dependence:

h
L, =—-U_ ,m. 10
0 I/t eff ( )
L=1.06/1.189 *4.64 =4.13
Dust cloud height on the dam h,
h=2h (11)

h=2%1.06=2.12m

Initial concentration of dust particles at the exit
from the dam p, mg/m’

l’LOZI\/Irem./LHXhOXU:z/?" (12)

1, =146.9/4.13%2.12%4.64=146.9/40.62=3,6 mg/m’

Current removal of ash particles M s ar/s

M' =m “x(n,_ xS+n
m. 0 hov. sal

Te!

AXSeff.XKl)XKZ-4 (13)

It.

M = 0.0037%(0,28*39760+1,07*39760)*1*0,74=
=(11132,8+42543,2)%(0,0037)*0,74=146,9 gr/s

Proportion of hovering and saltation particle
particles in the total mass of eroded ash material

(d=d,;,,)
N, =Ya/(1-a,.) (14)
n, =Y0,26-0/1-(0,01)=0,28
0, =2 B e’ (1B ) (15)

n_,= ¥(0.076+0.21+0.29+0.33+
+0.06+0.00018+0.00028)/1-0.01=1.07

a = value of the percentage yield of the fractional
composition is more/less than d (560 microns) [8].
Since the slag is not dusty, the calculations esti-
mate the wind erosion of the storage area of the work-
ing map S 39760m? (according to Figure 6).
S =S ey 39760m?

Perimeter
* 750,11m

Area
39760,74 M*

Figure 6 — Satellite image of a lead dump with automatic area calculation

Accounting for structural, planning and natural-
climatic factors is ensured by introducing a number
of correction factors K1-K4 to the calculated blow-
off value. These ratios reflect:

K1 — dedusting of the dust flow due to the de-
position of ash particles during the flow around the
dam. K1 is taken depending on the excess of the

12

dam crest relative to the surface level of the ash and
slag field according to Figure 7;

K2 — the state of the surface layer (crust
formation, aggregation of ash particles in the
layer as a result of chemical interaction) de-
pending on the content of calcium oxide in the
ash:
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K3 — protection of the object from wind impact
(influence of high-altitude relief elements, special
windproof structures, forest plantations) and surface
fixing of the ash beach, according to Table 5. When
exposed to several security factors, the K3 coeffi-
cient is determined by multiplying the correspond-

at CaO < 10%;

ing coefficients. Under the influence of several se-
curity factors, the coefficient K3 is determined by
multiplying the corresponding coefficients. K4 — ap-
plication of operational methods of dust suppression
(irrigation of a dusty surface with water, etc.) is de-
termined according to Table 6.

Kiges
+— =05
a8 —
H— h=1,0m
0.5 "\
a7 [~ Lo T
+— h2.ou f—— ——
0ss I E—— S—
1— haom —_—
a5t ——— —
1 —
ass
as + + ~+
5 =3 7 8 Q 10

1"
U,, si/s

Figure 7 — Dependence of the transfer coefficient of ash particles when flowing around a dam

K1 on wind speed UZ at different heights of the

dam crest above the ash beach h. The coefficient K1

Table 5 — The value of the correction factor K,

according to Figure 7 and previously calculated data
is 0.74.

Factors of protection of the dump from dusting K
1. Covering the dump with high-rise relief elements:
- one side 0,6
- on both sides 0,3
- from three sides 0,15
2. Construction of solid barriers along the perimeter of the dump dams (lattice fences, laying of pulp
pipelines along the dam crest, forest belts along the dump boundaries) 0.7
3. Relative increase in dam height downwind of prevailing winds 0,85
4. Fixing the ash beach surface with astringents (crust formation) 0,1
5. Fixing the ash beach surface with slag 0,05
6. Fixing the ash beach surface with a protective layer of cohesive soil (loam, clay) 0,02
Table 6 — Value of the correction factor K,
Operational dust suppression method K,
1. Raising the water level in the clarifier pond above the level of the golden beach 0-0,2
2. Periodic irrigation of dry beaches with stationary sprinklers or irrigation machines 0,1-0,5
3. Wetting of dry beaches with clean water supplied via the backup pulp of the distribution network 0,2-0,3
4. Increased switching of releases in the warm season 0,7

13
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Due to the absence of any protective structures
around the dump, coefficients K3 and K4 are equal
to 0 (Figure 8) [2].

Surface concentration of dust particles Hx mg/
m® at a distance ¥ (m) from the dam:

= - _&:{
Wy = Wp°E (16)

Where: a— dispersion coefficient equal to 6,2-10°

x=300m (distance from dump)

x=500m (distance from dump)

x=800m (distance from dump)

u 200=3’6 mg/m3*e-6,2*0,001*300=
=3,6%0,289=1,04 mg/m*

“ 50():3’6 mg/m3*e—6,2*0,001*500=

=3,6%0,04=0,1 mg/m?

“ 800:3’6 mg/m3*e-6,2*0,001*800:

=3,6*0,007=0,02 mg/m?

Figure 8 — Map of heavy metal dispersion

Conclusion

Analyzing the data obtained, it should be noted the
importance of constructing a geoecological map based
on physical modeling as a tool for further ecological
and geochemical assessment of soil pollution in the
studied area. In particular provides more systematic
and detailed information on the dispersion of harmful
substances, which in the course of further work will al-
low mark the most important places for soil sampling.
In this aspect, study showed that the physical modeling
of the horizontal migration of heavy metals is an actual
area of research, since the study of the deposition of
hovering particles and saltation process of heavy met-
als in the composition of a dust cloud is extremely rare.
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