IRSTT 87.15.09
R.Z. Safarov, *Zh.G. Berdenov

L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
*Corresponding author: berdenov-z@mail.ru

Technogenic systems of Pavlodar region

Abstract. Technogenesis is a process of environmental transformation under the influence
of various types of technical human activity. Technogenesis - this transformation of the
earth's crust occurs during the extraction and processing of mineral resources, engineering
and geological activities. One of the technogenically transformed areas is the Pavlodar
region of Kazakhstan.

This scientific article presents the main sources of technogenic impact in the Pavlodar
region. The research gives a description of the two main technogenic systems. There have
been determined the main chemical contaminants of the components of the natural
environment. The authors have calculated using modern methods of GIS technologies, the
area of sludge collectors. The article describes a promising method for solving such non-
trivial problems as identifying the spatial distribution of ecological risk zones, or the
spatial display of the concentration distribution of pollutants. The article gives a
description of the main industrial facilities of the Pavlodar region, the number of
emissions, and also characterizes the climatic factors of the study area.
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Introduction

A special place among the manifestations of technogenic impact on the environment of industrial
centers belongs to contamination with heavy metals. It is because of the rapid self-cleaning of
components of the natural environment from metal contamination to the level required for reasons of
hygiene and ecological safety is difficult to reach, and in many cases it is practically impossible [1].

Industrial urbanization plays a special role in the pollution of the natural environment. Talking
about an ecologically safe situation in industrial centers is possible only when science considers its
problems the perspective of human life support and from the standpoint of the rational relationship
"human-nature" [2].

Research methods

The issues of assessing the impact on the environment, environmental risks, ecological and
economic degradation, and the search for a way to minimize negative impact on the environment are
complex tasks that stand in front of every production facility and organizations exercising environmental
control at the state level as well. These questions currently do not have a general standardized solution,
mainly due to the difficulty of estimating the volumes of emissions and waste. Thus, the trend of using
modern methods of computer modeling and visualization, such as neural networks and GIS, has
significant advances in solving such non-trivial general tasks as identifying the spatial distribution of
environmental risk zones, or the spatial mapping of the concentration distribution of pollutants. The
application of the proposed approaches will make it possible to develop a methodology that applies not
only to industrial territories of Kazakhstan, but also to any other technogenic objects without reference to
location. Thus, the proposed project is extraterritorial and is aimed at solving production and
environmental problems both in the territory of Kazakhstan and within the limits [3].
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Research area

Ash and sludge collector of the Aksu ferroalloy plant.

The industrial site of the plant is located in the north-west of the industrial zone of Aksu,
Pavlodar region, on the left bank of the Irtysh River, 22 km upstream from the regional center, the city of
Pavlodar Aksu is located 50 km south from the city of Pavlodar on the left bank of the Irtysh River. The
population of the city is 70,124 inhabitants as part of the urban district (city akimat) with subordinate
rural settlements, including 41,625 people of the city itself (2019). The Aksu ferroalloy plant, together with
the Aksu state district power station, is a city-forming enterprise responsible for the production of the
city's infrastructure (Figure 1).
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Figure 1. Technogenic system of Aksu city

The climate of the region is sharply continental. It is characterized by an insufficient and unstable
amount of atmospheric precipitation with a summer maximum, low air temperatures in winter with
strong winds and insufficiently thick snow cover, late spring and early autumn frosts, significant
fluctuations in temperature during the year.

The wind regime is continental. Winds prevail in the western, southwestern and southern
directions. The seasonal change of prevailing winds to the opposite directions is one of the main features
of the climate.

The average wind speed is 4.5 m/s. The highest wind speed is observed in the spring (up to 6.0 m
/ s). Wind force often exceeds 15-20 m/s.

Ash and sludge collector of the Pavlodar aluminum smelter

Pavlodar aluminum smelter was built in the 60s (September of 1955)

In 1964, the first echelon of products was sent from Pavlodar to the Novokuznetskiy aluminum
plant. In 1995, the enterprise was transformed into JSC "Aluminum of Kazakhstan".
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The enterprise is located in the East industrial region of Pavlodar. To the east of the industrial site,
there is an ash disposal area of a thermal power plant and a waste storage facility of aluminum plant.
From the south and west, there are lands occupied by collective gardens and a forest nursery (Figure 2).

The area of the object's location lays in a zone with a sharp continental climate with dry hot
summers and prolonged low winters.

The average annual amount of precipitation according to multiyear observations is 260 mm per
year, of which 76% falls during the warm period from April to October. The hot month is July with an
average monthly maximum air temperature of +27.9° C. The coldest month is January with an average
monthly minimum air temperature of 22.2° C below 0. The prevailing direction of the wind is the west
and south. The average annual wind speed is 3.7 m/s.
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Figure 2. Technogenic system’s location map in Pavlodar city

Analysis and discussion.

The Aksu Ferroalloy Plant is a branch of the JSC “Transnational Company “Kazkhrom” and is the
part of the Eurasian Natural Resources Corporation (ENRC). AFP is a leading metallurgical company in
the world for the production of chromium, siliceous and manganese alloys. The production capacity is
one million two hundred thousand tons of ferrous alloys per year. The number of employees at the
enterprise is more than 6,000 people. The plant includes 4 smelting shops, 26 electric furnaces with a
capacity of 16.5 to 63 MVA, 2 charge preparation shops, a slag processing shop, a block of mechanical
repair shops, an automobile shop, a railway shop, and 42 divisions. The annual production of chromium,
manganese and silicon alloys is more than 1 million tons.

The power station of the Eurasian Energy Corporation JSC is located 4.5 km northeast of the Aksu
ferroalloy plant, on the western side, at a distance of 2.5 km, there is HWM-3 of AFP. Pavlodar-Semey
railway runs from the east from plant.

The nearest settlement zone (Aksu) is located at a distance of 3.5 km southeast of the AFP.
According to the sanitary classification of production facilities, the Aksu Ferroalloy Plant belongs to the
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“1” hazard class [4]. Environmental Code of the Republic of Kazakhstan assigned the plant the Ist
category [5]. In physical and geographic terms, the industrial site of the Aksu ferroalloy plant is located in
the lower part of the Irtysh left coastal flat dry-stepped area of the Pavlodar region. Two large elements
can be distinguished in the relief: the lowland accumulative plain, which belongs to the Irtysh depression,
and the floodplain of the Irtysh River.

The region of the location of the industrial site of AFP lays on the steppe or dry-steppe type of
landscapes on chestnut soils, characterized by patchiness of the soil cover (and vegetation) associated
with the relief and underlying substrate. Climate plays an important role here, especially the amount of
precipitation, which directly affects the processes of soil formation and the intensity of the vegetation
cover.

Groundwater is confined to sandy sediments. The direction of the groundwater flow is towards
the Irtysh River.

During the production of ferrosilicon at the plant, the production wastes such as ferroalloy gas,
slug, sludge from wet gas purifiers of closed ovens, dust of dry gas purification of open ovens are
formed. A large share of waste is stored on the territory of three ash and sludge collectors. Thus, the
sources of disturbance on the components of the environment include the generation of waste, as well as
the places of collection and temporary storage of waste. Gas purification sludge is formed in the “tea pot”
devices of the projected dust of the purification equipment. The amount of generated sludge is more than
28000 ton per year. According to its physical state, the sludge is paste-like, according to its physical
properties; it is insoluble in water, not flammable, not explosive. According to its chemical properties, it
does not have reactivity; the main components of waste are oxides of silicon, iron, chromium (VI).
According to the hazard level, the sludge from the gas purification plant belongs to “Amber” level and
has the index AD140. Ash and sludge collector of Aksu ferroalloy plant covers 633 304 m2 (Figure 3).
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Figure 3. Area of object Nel Ash and sludge collector of Aksu ferroalloy plant

The Aluminum of Kazakhstan Joint Stock Company, the former Pavlodar aluminum smelter
(PAZ), is one of the enterprises of Kazakhstan. Activities and main products: production and sale of
alumina, as well as extraction, processing and sale of bauxite, limestone, refractory clays, crushed stone,
production and sale of gallium, aluminum sulfate, aluminum alloys in the form of ingots and other goods
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and services. Aluminum of Kazakhstan is one of the ten leading alumina producers in the world.

The purpose of the Pavlodar Aluminum smelter is the processing of bauxite, associated raw
materials additives and the production of commercial alumina, which is a raw material for the
production of aluminum. The aluminum plant occupies a land plot of 759.3858 hectares. The main part of
the territory is built up with industrial buildings, warehouses and auxiliary and service facilities,
including roads and railways. The territory of the plant is landscaped and maintained.

Aluminum of Kazakhstan JSC has developed and is implementing an environmental policy, the
main goal of which is to prevent environmental pollution. Annual expenditures for environmental
protection measures amount to about 350-450 million tenge. Thanks to their implementation, the
enterprise has achieved a reduction in atmospheric emissions with an increase in production volumes. In
particular, in the period from 2010 to 2014, with an increase in alumina production by 17%, the volume of
atmospheric emissions at the enterprise decreased by 7%. The specific weight of emissions into the
atmosphere per one ton of alumina was 0.048 tons in 2004 against 0.057 in 2010. The plans include further
step-by-step reconstruction of gas cleaning units (electrostatic precipitators for sintering and calcination
furnaces, ash collection units for boiler units of CHPPs) to increase the cleaning efficiency and reduce
emissions. The company also performs a set of works to reduce the impact on soil and groundwater. In
1998, a second sludge collector card with an anti-seepage curtain "wall in the ground" was put into
operation, which protects groundwater from pollution. In 2001, the reconstruction of the ash storage
began. To date, more than 4 million tenge have already been invested in the reconstruction. The
restructuring is carried out in the framework of the implementation of the obligations of JSC "Aluminum
of Kazakhstan" according to the Memorandum on Mutual Understanding and Interaction signed by the
Ministry of Environmental Protection and akim of Pavlodar region and users of natural resources. Within
the framework of the dust suppression program, an area of 4.5 hectares was planted with bushes and
reeds at the ash dump, and an area of 80 hectares was washed with sludge. JSC "Aluminum of
Kazakhstan" conducts industrial monitoring of the environment (control over the air condition on the
territory of the enterprise and in its sanitary protection zone and over the efficient operation of gas
treatment plants, analysis of waste water, analysis of the chemical composition of groundwater from the
network of observation wells on the territory of the enterprise and around waste storage, analysis of soil
samples around waste storage). Facility No. 2 includes 4 ash and sludge collector and occupies an area of
42,524,356 m2 (Figure 4).

Figure 4. Area of object Ne2 Ash and sludge collector of Pavlodar aluminum smelter
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Conclusion

Two large industrial facilities (Aksu ferroalloy plant, Pavlodar aluminum smelter) and systems
that discharging waste have a direct technogenic impact on the environment.

The natural components of the study area are directly affected to the atmosphere air, biota and
soil cover, underground and water surfaces, lithological basement, and the relief. Especially significant
changes in natural complexes occur as a result of technogenic transformations of the relief, which always
leads to the removal or burial of vegetation and soil cover.

The study was carried out within the framework of a scientific project on grant funding (IRN
AP08856347).
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P.3. Cajgapos, XK.I'. bepaenos
A.H.T'ymures amuirdazvl Eypasus yammuork yrnusepcumemi, Hyp-Cyaman, Kasaxcman

IlaBaoaap OOABICHIHBIH TeXHOT€HAiIK Xylieaepi

Anaarma. Textorenes - 6y agaMHBIH 9PTYPAi TeXHUKAABIK ic-9peKeTTepiHiH acepiHeH KopIllaraH
OopTaHBIH e3repy mporieci. TexHoreHes - >kep KbIPTBICBIHBIH Oy ©3repyi MMUHepaaAAbl IIUKi3aTThl OHAIPY
JKoHe ©OHJey, UHXKeHepAiK-TeOAOTHAABIK >KYMBICTap Ke3iHAe OpBIH adaabl. IlaBaogap oOabicel —
Kasakcranaarsl TeXHOAOIMAABIK TYPFblAaH e3TepreH ayJdaHgapAbiH Oipi. CoHABIKTaH OyA FBIABIMU
Makaaasda IlaBaogap alimarbIiHAaFbl aHTPOIIOIEHAIK acepAiH Herisri kesgepi kepcetiareH. Herisri exi
TeXHOTeHAIK >KYJeHiH cunaTTamachl KeaTipiareH. TaOmfm opTa KOMIIOHEHTTepiHiH HeTri3ri XMMMABIK,
JAacTrayIiblaapbl aHBIKTaAAbl JKoHe 3aMaHayM oJicTepMeH IIlldaM >KMHAaFrbIIITapAblH ay4aHbl ecelTelinai.
JKympicTa ®KOAOIMAABIK KayillTi aliMaKTapAblH KeHICTIKTiK TapaAyblH aHBIKTay HeMece JAacTayIllbl
3aTTapAblH KOHIIEHTPaILMACHIHBIH, TapaAyblH KeHICTIKTIK KepceTy CUSIKTBI MaHBI3AbI Maceleaepai
HIeNIyAiH HepcrleKTUBaAbl 94ici cunaTTaaraH.

Makasaga IlaBaogap OOABICHIHBIH HeTi3Ii ©HAIPICTIK HBICAaHAAPBIHA, IIBIFAPBIHABLAAPABIH
MeaAlllepiHe cumarrama OepiAreH, COHBIMEH KaTap 3epTTeAeTiH aiiMaKThH KAMMATTHIK (PaKTOpAapsl
cumaTTaAfaH.

TyitiH ce3aep: TexHoreHes, reoxxyiie, I1aM TOFaHbI, KaAABIKTap.
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P.3. Cadapos, XK.I'. bepaenos
Espasuiickuti nayuonaronvui ynusepcumem um. A.H. l'ymuresa, Hyp-Cyamar, Kasaxcman

Texnorennnie cuctemnl [laBaoaapckoi o0aacTn

AGcTpakT. TexHorenes — 9To mporecc TpaHcpOpMaL OKpPYKaloIleil cpeAbl 1104 BO3AelCTBIeM
Pa3AMYHBIX BUAOB TEXHUUYECKOI AesATeAbHOCTU YeA0BeKa, IpeoOpa3oBaHIe 3eMHOM KOPBI IpU A00bIde 1
nepepabOTKe MIHEpPaAbHBIX pPecypcoB, MHXKeHepHO-TeoAOTM4Yeckoy geareapHoctu. OaHuMm  u3
TeXHOTeHHO IIpeoOpa3oBaHHBLIX Y4dacTKoB sABasercs Ilabaogapckas obaacts Kasaxcrana. B aawnnoi
Hay4yHOIl CTaThbe IIpMBeJeHbl OCHOBHbIE MCTOYHMKM TeXHOTeHHOTO BosgelicTsus B IlaBaosaapckoit
obaactu. JaHO ommcaHme ABYX OCHOBHBIX TeXHOTeHHBIX cycreM. OmpeaeaeHbl OCHOBHbBIC XMMIYeECKe
3arps3HUTeAM KOMIIOHEHTOB IIPUPOAHON Cpeabl ¥ PpaccdMTaHa I1A0IIaAb Il11aMOHaKOIuTeAe
coppemeHHpiMu MeTogamu I'VIC-texnoaormit. OnucaH IepCHeKTUBHBI — METOJ, B PeIleHMM TaKMuX
HeTPUBUAABHBIX 3a4a4, KaK BbIABACHIE IIPOCTPAaHCTBEHHOIO paclipeeAeHis 30H YKOAOTMYECKOTO pUCcKa
AnOO MPOCTPaHCTBEHHOIO OTOOpa’keHMs KOHIIeHTPalMIOHHOTO pacipejeleHus 3arpsasHuteseit. Taike
IIpMBeAEHBl OIMCAHMA OCHOBHBIX ITPOMBIIIAEHHBIX 00bekToB IlaBaogapckoit oOaacTy, KOAMYECTBO
BBIOPOCOB, a TaK>Ke XapaKTepHCTIKa KAMMaTINIeckux pakTOpoB 1CCcAeAyeMO TepPUTOPUIL.

Karouesble ca0Ba: TeXHOreHe3, TeOCHCTeMa, II11a MOHA KOIIUTE Ab, OTXOABI.

References

1. Berdenov Zh.G. Analiz tekhnogennogo zagryazneniya prirodnoj sredy Aktyubinskoj oblasti.
[Analysis of technogenic pollution of the natural environment of the Aktobe region]. Teoreticheskie i
prakticheskie problemy Geografii: Materialy mezhdunarodnoj nauchnoj konferencii. [Theoretical and
practical problems of Geography: Materials of an international scientific conference], Astana, 2014. - S.
121-126 [in Russian].

2. Dubrovskaya S.A. Ekologo-geohimicheskoe sostoyanie pochvennogo i rastitel'nogo pokrovov
Orsko-Novotroickogo promuzla [Ecological and geochemical state of soil and vegetation cover of the
Orsk-Novotroitsk industrial hub]. Byulleten' Orenburgskogo nauchnogo centra UrO RAN [Bulletin of
the Orenburg Scientific Center of the Ural Branch of the Russian Academy of Sciences]. Orenburg. 4, 40-
45 (2012) [in Russian].

3. Khomyakov D.M. Degradaciya pochv: prichiny, sledstviya, puti snizheniya i likvidacii [Soil
degradation: causes, effects, ways to reduce and eliminate]. (Moskva: MGU im. M.V. Lomonosova, 2011,
272 s.) [in Russian].

4. SP «Sanitarno-epidemiologicheskie trebovaniya po ustanovleniyu sanitarno-zashchitnoj zony
proizvodstvennyh ob"ektov», utverzhdennye prikazom Ministra nacional'noj ekonomiki RK ot
20.03.2015 goda [JV "Sanitary and Epidemiological Requirements for Establishing a Sanitary Protection
Zone of Production Facilities", approved by order of the Minister of National Economy of the Republic
of Kazakhstan dated 20.03.2015] No. 237, 2015 [in Russian].

5. Ekologicheskij kodeks Respubliki Kazahstan [Environmental Code of the Republic of
Kazakhstan]. Astana, 2007 [in Russian].

96 Ne 1 (1 34)/2021 A.H. Tymunes amuindaz EYY Xabapurvicor. Xumus. Teozpagus. Dxorozus cepuscol
ISSN: 2616-6771, eISSN: 2617-9962



Safarov R.Z., Berdenov Zh.G.

Information about authors:

Cagapos P.3. - xuMus FBLABIMAAPBIHBIH KaHAMAATHL, XM KadpeapachHblH gonieHTi, A.H.I'ymnaes
aTeiHAarel EYY-AiH TexHoaormsiaap TpaHcdepTi OoMbIHINA >K00aablK KeHceHiH Oacteirpl, Hyp-Cyaras,
Kazakcran

bepodetios >K.I. - PhD, EYY ¢usnkaabslk-s5KOHOMMKaABIK Teorpadus KadeapacblHBIH AOIEHTI.
A.HI'ymnaes, Hyp-Cyaran, Kasakcrah.

Safarov R.Z. - Candidate of Chemical Sciences, Associate Professor of the Department of
Chemistry, Head of the Project Office for Technology Transfer of L.N. Gumilyov Eurasian National
University, Nur-Sultan, Kazakhstan

Berdenov Zh.G. — Ph.D., Associate Professor of the Department of Physical and Economic
Geography, L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan.

BECTHUK EHY umenu A.H. lymuaesa. Cepus Xumus. Leozpagus. Dxkorozus Ne 1(134)/2021 97
BULLETIN of L.N. Gumilyov ENU. Chemistry. Geography. Ecology Series



