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Pozenanymo numanns ouinxu gaxmopis,
WO 6nAUBAIOMb HA 3A0PYOHEHHS NOBEPXHEBUX
i IPYHMOBUX 600 NPOMUCTOBUX MEPUMOPTIL.
IIpoananizosano nezamuenuili 6niue Haxonu-
uYeaui6 NPOMUCTIOBUX CMIMHUX 600 i WAAMIG
Ha cman 600Hoz0 Gaceiiny. Busnaueno 06'exmu
ma cyo'ekmu enaugy, Hasedeni MexHonN02iuHi
CcxXeMU OMUWeHHs. CMOKI6 i oxapaxmepuzoea-
Hi 6UOU WKOOU HABKOJIUWHLOMY NPUPOOHOMY
cepedosuuty 3 60KY HAKONUUYBAYIE NPOMUCTO-
8ux cmiunux 600

Kntouoei cnosa: 3axucm 6o0nozo baceiiny,
OUUWEHHS CIMIMHUX 600, 8AJCKI Memanu, Yymu-
JU3auiss waamie

= yu

Paccmompenvt 6onpocot ouenxu paxmo-
P08, 8UAIOUWUX HA 3AePAIHEHUE NOGEPXHOCM -
HbIX U 2DYHMOBLIX 600 NPOMBIULIIEHHBIX MEPPU-
mopuii. IIpoananusupogarno ompuyamenvroe
6030eticmeue naxonumeeu NPoOMoIUIEHHLIX
CMOUHBIX 800 U WAAMOB HA COCMOAHUE 800HO-
20 Oaccetina. Onpedenenvt oboexmot u Cyoo-
exmol GAUAHUS, NPUBEIeHbl MeXHOT0ZUMECKUEe
CXeMbl OMUCMKU CMOKO8 U 0XAPAKMEPU306a-
HbL 6udbl yuepba oxpyxicarouel. npupooHou
cpede co cmoponst Haxonumenel NPOMbLULIEH -
HbIX CMOUHBLX 600

Kmouesvie crosa: 3auguma 00nozo bacceii-
Ha, 0uUCMKA CMOUHBIX 600, MAJCETble MEMATl-
Jibl, YMUTUSAUUS WTAMOG

u] =,

1. Introduction

The level of water pollution of such rivers as the Rhine,
Danube, Elbe, gave the reason, in the twentieth century, to
call them “gutters of Europe”. On 17 March, 1992, under
the aegis of the United Nations Economic Commission
for Europe, in Helsinki (Finland), the “Convention on the
Protection and Use of Transboundary Watercourses and
International Lakes” (“Water Convention”) was adopted.

This Convention serves as a mechanism for strengthen-
ing national measures and international cooperation aimed
at achieving environmentally sound management and pro-
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tection of transboundary surface and ground waters. It
includes legislative norms for punishing and encouraging
enterprises, which discharge industrial waste water (IW W)
and sludge into rivers.

Industrialists have been interested in the fulfillment of
the commission’s instructions. For this purpose, new tech-
nologies were developed to reduce volumes of industrial
waste water, flows of toxic filtrates from ponds of industrial
waste water and sludge into the water basin.

A sufficiently effective way to prevent infiltration of in-
dustrial waste water is to arrange protective anti-filtration
screens from polymer films (Fig. 1).




Fig. 1. Modern ways to prevent the flows of
waste water from ponds

To implement the provisions of the “Water Convention”,
efforts for establishing and strengthening transboundary
water cooperation in the countries of Eastern Europe, the
Caucasus and Central Asia (EECCA) have been made. The
Law on Ukraine’s Accession to the Convention was adopted
on 1 June, 1999 by the Verkhovna Rada (Parliament) of
Ukraine and came into force on 23 June, 1999.

Currently, Ukraine faces the problems, similar to the ones
that were solved in the industrialized countries of Europe to
improve the environmental conditions of their water basin.

2. Literature review and problem statement

The pollution of water by toxic metals as a result of an-
thropogenic processes is of great concern all over the world.
Pollutants in the water system are recycled as a result of
physico-chemical and biological processes, creating the risk
of adverse effects on human health, water, soil quality and
crop yield. Researchers around the world focus their atten-
tion on the quantitative study of heavy metals in aquatic
ecosystems [1].

In addition to the detection and quantitative analysis of
the pollution content in water bodies and soils, assessment
of unfavorable risks to human health is conducted [2]. The
greatest levels of pollution and, as a result, a threat to public
health, are noted in industrial zones with significant anthro-
pogenic activities [3].

To assess the content of pollution in water bodies, includ-
ing heavy metals, various methods and indicators have been
proposed. Composite indicators (ClIs) are increasingly used
to measure and monitor environmental systems [4]. However,
they are criticized for not taking into account the uncertain-
ties and their frequent arbitrary nature. Composite indicators
reveal trends in complex environmental systems for broader
stakeholder groups, including the public and politicians.

To determine the general condition of quality of un-
treated and treated waste water, Wastewater Quality Index
(WWQI) was proposed [5]. This index summarizes a large
number of measured quality parameters in a single indicator
of water quality, taking into account pre-established stan-
dards of quality limitation.

An attempt has been made to create an indicator of
global parameters of wastewater treatment for assessment
of environmental factors and sustainable development based
on waste water treatment statistics for 183 countries [6].
However, the lack of consistent definitions, reporting pro-
tocols and centralized database on wastewater treatment is
the main reason for many problems in the construction of
comparable performance indicators.

The accumulation of heavy metals in river sediments due
to contamination of surface water can be estimated using the
metal index (MPI) and the metal pollution index (HPI) [7].

It is defined that it is insufficient treatment, continuous
discharge of IWW and filtrate of their sludges that are a
significant factor of negative impact on the environment
and accumulation of toxic impurities in water bodies. A sig-
nificant effect of waste water from tanneries, dye-chemical,
metal-processing industries [8] was noted.

Understanding the sources and behavior pattern of heavy
metals in river basins is critical to assessing the risks associ-
ated with impacts on humans and ecosystems. To estimate
the spatial distribution of pollutants in river sediments, the
geo-accumulation index (I,,,) can be used. Thus, the assess-
ment of pollution of the Maba River (South China) was done
and the negative impact of waste water discharge and tailing
dumps of the metallurgical enterprise was investigated [9].

In Ukrainian practice, the problems of the environmen-
tal and economic assessment of consequences of placing
storages of untreated IWW and sludges appeared only in
recent years. In this connection, there are no really approved
methods of such assessment. In addition, such storages are
often anthropogenic deposits of heavy metals (HM), which
require the establishment of enterprises to develop them.

In the basin of the Dnepr river, 3 main zones of pollution
of surface and ground water, which are formed under the
anthropogenic influence [10], were identified.

The first one is the zone where chemical and energy
industries are located. Within its borders, the subzone of
influence of oil refining enterprises — the basins of the Berez-
ina, Orel, Sula and Psel rivers (Ukraine), and the subzone
of influence of the food industry enterprises — Zhytomyr,
Vinnitsa, Cherkassy, Sumy, Poltava and Kharkov regions
(Ukraine) are assigned.

The second one is the zone of the mining and metallur-
gy complex — the basin of the middle stream of the Dnepr
river. Here the subzone for the location of enterprises of
the mining and metallurgy, and energy complexes is allot-
ed — Krivorozhye, Nikopol-Marganetsky, Dnepropetrovsk,
Dneprodzerzhynsk and Zaporozhye (Ukraine).

The basin of the Dnepr river has more than 350 storages,
279 of which are sludge ponds and 22 are tailing dumps,
the rest are IWW ponds. The largest storages of of IWW
and sludge effluents are located in the middle stream of
the Dnepr river in Dnipropetrovsk, Dneprodzerzhynsk and
West Donbass industrial and economic areas, which are
approximately 75 % of the total IWW effluents [11]. They
include storages of IWW and sludges of the Northern, Cen-
tral, Ingulets, Southern and Novokrivorozhskiy ore-dressing
and processing plants of Krivyi Rih, Poltava, Ordzhoni-
kidze ore-dressing and processing plant, “Zaporizhstal”,
“Dneprovsky aluminum plant”, etc. (Fig. 2, 3).

The third one is a zone with the developed irrigation
farming in the South of Ukraine.

To protect the public and the environment from toxic
effluents, pollution prevention, reduction of using toxic
chemicals, restoration and enhancement of protection of all
water bodies should be state policy [12]. Concerted actions
are required for the safe use of toxic chemicals. Principles
and practice of sustainable development will help to contain
or eliminate the risks associated with chemical pollution.

To meet the increasingly stringent environmental re-
quirements for removal of heavy metals from waste water,
a wide range of treatment technologies can be used, such



as chemical deposition, coagulation, flotation, ion exchange
and membrane filtration [13].

Fig. 2. A general view of the depleted pit of PJSC
“ArcelorMittal Kryvyi Rih” (Ukraine) with a depth of 300 m

e

Fig. 3. Panorama of the sludge pond of
the “Nikolaev Alumina Refinery”

In the European Union, water reuse is a common prac-
tice, both in environmental protection, and as one of the
most effective solutions to the water deficit issue [14]. The
implementation of technologies to reduce waste water form-
ing can effectively decrease the overall demand for fresh
water in water-based processes and subsequently reduce the
amount of the generated waste water [15]. The progressive
technologies for decontamination of waste water sediments,
including those containing heavy metals [16], are developed
and implemented.

3. The purpose and tasks of the study

The purpose of the study is to determine the degree of
the negative effect of IWW and sludge ponds on the water
basin of the Dnepr river. Based on conducted studies, it is
necessary to propose measures to improve the water quality
of the main water supply source in the area of one of the larg-
est metallurgical enterprises in Ukraine — “Zaporizhstal”.

To achieve this purpose, the following tasks should be
solved:

— to monitor water quality in water bodies of the Dnepr
river with definition of the most common pollutants;

—to determine the average annual concentrations of
pollutants in the period 2011-2013 under the influence of
industrial, communal and agricultural facilities, etc.;

—to prove technical solutions to reduce the negative
impact of a sludge pond of a large metallurgical plant on the
water basin of the Dnepr river.

4. Materials and methods for assessing the degree of
the negative impact of IWW and sludge ponds on
the environment

4. 1. Principal method of determining the degree of
the negative impact of the facility on the environment

When developing technologies for the recovery of valu-
able components from IWW and sludge, it is necessary to
estimate the degree of contamination of the environment by
effluents and industrial wastes, which allows determining
the damage caused to it.

Indicators of environmental pollution are chemical com-
position of raw materials, products of enterprises, taking
into account regional background, as well as the resulting
effluents and sludges. The objects of damage are the surface
atmosphere, land areas, water bodies within pollution dis-
persion in the range of maximum permissible concentrations
(MPC), natural landscapes, etc.

The following types of damage are identified:

— potential — theoretical size of the damage caused to the
objects of the environment in the absence of environmental
protection measures;

— prevented — avoided or reduced damage taking into
account compensatory and liquidation activities in the im-
plementation of environmental measures;

—residual — the damage that has remained after the im-
plementation of environmental measures, compensation and
liquidation of damage caused to the environment, rehabilita-
tion measures, etc.

The degree of the negative impact of enterprises on the
environment is determined by their sizes. There are objects
with low, medium and high intensity of negative impact,
which correspond to the values of the coefficient k, (Table 1).

The degree of danger of accumulated substances is deter-
mined by the formula:

D=5-(Dang-0,25-N), 6))

where D — degree of their danger; Dang — hazard class of the
most dangerous component; N — number of additional hazard
factors.

Table 1

Coefficients of intensity of impact of industrial waste water
pond on the environment

Coefficient of
intensity of impact Object Pond Size of sanitary
of object on the area, ha volume, m* zone, m
environment
Low (k,=1) <1 <10 thous. <500
Medium (k,=1.5) 1-10 10-250 thous.| 500-1000
High (k,~2) >10 >950 thous. >1000

Another important parameter that determines the de-
gree of the negative effect of the object on the environment
is the structural reliability. The reliability coefficient (k,) is
used for its assessment (Table 2).

Table 2
The reliability coefficient of waste storage facilities

Reliability Wear Infilling of Period of
coefficient of | coefficient of storage no-failure
facility (k,) facility facility, % operation

1.5 >1 >100 <1 year
1 0.75-1 75-100 1-5 years

0.75 <0.75 <75 >5 years

The availability and efficiency of the environmental
monitoring system can have a significant impact on the scale
of the negative impact of the object, since the speed of deci-
sion-making in cases of accidental environmental pollution
depends on it (Table 3).



Table 3
Coefficients of environmental monitoring efficiency (k)
Env1rqnm§ntal Air quality Surface and ground water
monitoring measurement uality measurement rate
efficiency (k;) rate 4 Y
1.0 daily monthly every 6 months
11 more rarely more rarely more rarely
1.25 Not available

To calculate the indicator of the degree of potential
environmental hazard of the object (l,), the product of co-
efficients k, k, k, is determined. Depending on the size of
the product, the indicator of degree 1, is defined according
to Table 4.

Table 4

The indicator of degree of potential environmental
hazard of facility /object (l,)

1, 1 2 3
Product of coefficients k;, k,, k, <2 2-4 >4

Depending on the design of anti-filtration screens, the
objects for accumulated IWW and sludge have the follow-
ing coefficients of technological protection of ground water
k,./l,, (Table 5). The indicator of the degree of natural pro-
tection of surface water (1) is given in Table 6.

Table 5

The coefficient of the negative impact of
the object on ground water k,

k,, /degree Screen Screen material | Thickness, m
1 (very high) | not available - -
. Single-layer, )
0.75 (high) only bottom film <0.3
0.5 (medi- Single-layer, o
um) bottom and sides soil, concrete 0.3-0.8
halt concrete
0 (almost no | Double-layer, asp SR
action) bottom and sides concretfeJrﬁlm, =08
soil
Table 6

The indicator of degree of natural protection of
surface waters (I_,)

Total 3—4 5-6 7-8

1 0.5 1.0 1.5

W

The value of the degree of the potential negative effect of
accumulated industrial waste on the environment is calculat-
ed by the formula:

C=D (or D, )1y-(I, -k, +1,, Ky +1, -k, ), 2)

where C — degree of potential negative effect of accumulated ef-
fluents and sludges; D — degree of their own danger; D, — aver-
age degree of hazard of all types of effluents and sludges, is used
in the case of joint storage of various types of waste materials;
1, — degree of potential environmental hazard of the facility;

I, — degree of natural protection of the atmosphere; 1., — degree

of natural protection of ground water;
protection of surface water; k,, k..,
logical protection of the atmosphere, ground and surface water,
respectively.

The degree of potential negative impact of accumulated
materials on the environment is determined according to
Table 7.

. — degree of natural
k., — coefficients of techno-

SW

Table 7

The degree of potential negative impact of industrial waste
water and sludge on the environment

Degree low medium

high

Values <30 30-60 >60

By analogy with known projects and real objects, pre-
dictive estimation of the prevented and residual damage is
made. The obtained data are compared with the costs for
environmental measures, design, construction and mainte-
nance of environmental protection facilities. The possibility
of reclamation of redundant land is considered. The modern-
ization of technologies for processing raw materials using
low-waste methods is provided.

Quantitative methods for determining the prevented
damage to the environment are based on estimating the
masses of effluents, waste discharges and sludges as a result
of the implementation of environmental measures. At the
same time, reduction of degraded land areas and specific
damage indicators are taken into account.

4. 2. Determination of priority directions and scale of
growth in the use of secondary resources taking into ac-
count a set of environmental, economic and social factors

The important stage is development of measures to pre-
vent, reduce, compensate and eliminate potential and real
damage to the environment. The measures to compensate
inflicted damage should correspond to the investment of
financial and other resources.

Basic measures to prevent damage:

— development of low-waste technologies, reduction of
hazard class of substances entering IWW and sludge ponds;

— development of technological schemes for diversion of
waste water, its treatment and return to the main process;

— removal of agricultural objects from areas of influence
of IWW ponds.

Measures to limit damage to the environment include:

— recovery of valuable components from IWW and slud-
ges, use of neutral solid components as backfilling material
and for construction of roads in the area of their owner;

— alloting areas for expansion of ponds taking into ac-
count the cost of alloted land, the volume of effluents and
sludges, the relief, the wind rose.

Measures to eliminate damage are determined by the
nature of alloted land, properties of accumulated materials
and include:

— planning of relief with reclamation and use of territo-
ries for recreational purposes;

— conservation of toxic IWW and sludge with their
diking, burial and use of generated areas for industrial and
economic purposes;

— biological reclamation taking into account the future
suitability of restored land (backfilling, gypsuming, laying
of the fertile layer, sodding, etc.);



— burial of toxic sludge in special storages;

— utilization of IWW and liquid phase of stored sludge.

Fig. 4 shows dependencies for assessing the degree of
damage to the environment in the area of location of IWW
and sludge ponds.

E " 10°, UAH/year
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Fig. 4. Nomogram for determining damage to
the environment from the impact of the pond of industrial
waste water and sludge E depending on the volume of their
storing V and hazard class: 1 — sludge of 3 hazard class;
2 — sludge of 1 hazard class

Social and economic prerequisites for solving the prob-
lems include:

— the awareness of the need for deep reform of the exist-
ing practice of nature management at all stages of production
activities;

— the priority of environmental imperatives in the struc-
tural reorganization of the economy, the development of
science and technology;

— the need to reform and develop the entire legal and
economic system for control of environmental management.

At this stage, the definition of the main directions and
scales of growth in the use of secondary resources taking
into account a set of environmental, economic and social
factors becomes of special importance [17].

Economic support should include the development of mech-
anisms for preferential taxation and crediting to business en-
tities in the treatment of IWW and utilization of recoverable
compounds of heavy metals. It is necessary to develop the
provisions about methods for determining resource-valuable
components, about the organizational and economic mecha-
nism for managing subjects at regional and sectoral levels. It is
very important to stimulate measures for their use by the State.

The concept of integral quality assessment of the envi-
ronment is applicable for ranking of territories according
to the level of technogenic load and degree of influence of
this effect on its individual components. Analysis of the
entire complex of ecological and economic functions shows
that the existence of natural objects is much more valuable
than the benefits derived from their one-sided industrial
use. Even without taking into account environmental and
social effects, which are not subject to economic evaluation,
determination of economic damage from the environmental
pollution at the stage of pre-design solutions helps to avoid
many environmental and economic errors.

The reduced mass of the j-th pollutant in soil from the
i-th source is determined by the formula:

M, = my 'Aj 'Siy 3)

where m;; — annual mass of the j-th pollutant per area unit
coming from the i-th source; A, — ecological indicator of the

relative danger of the j-th pollutant entering  soil; S;; — area
of the active zone of soil contamination by the j-th pollutant
from the i-th source.

The magnitude of economic damage from the environ-
mental pollution is not a normative indicator. Methods of
its calculation in the CIS countries differ in the economic
component. Therefore, it is difficult to compare the damage
estimates obtained in different countries.

5. The results of studies of the negative effect of IWW
and sludge ponds on the Dnepr river

The most common pollutants in water bodies of the
Dnepr river are compounds of heavy metal (Mn, Cu, Zn,
Fe ions, etc.), nitrogen compounds, phenols. According to
hydrochemical observations data for the period 2011-2013,
in general, the water quality in the rivers of the Dnepr basin
has not changed significantly in most indicators.

The average annual concentrations of main pollutants
exceeded the maximum permissible concentrations, and
some were at the level of high pollution:

— Ammonium and petroleum products were within
1-4 MPC;

— Nitrogen nitrite — 1-12 MPC;

— Zn compounds — 1-5 MPC;

— Phenols — 1-6 MPC;

— Fe -1-7 MPC;

- Cr'* - 1-13 MPC;

— Mn - 1-18 MPC;

— Cu compounds — 2-23 MPC.

The maximum content of Mn compounds in the range
of 20-61 MPC was observed in the rivers of Dnepr, Sluch,
Oster, Udai, Psel, Sula, Khorol, Vorskla, Volchya, Ingulets
and Dneprovsky reservoir. Significant amounts of Cu com-
pounds, within the scope of 31-59 MPC, were found in the
rivers of Dnepr, Ustye, Sluch, Desna, Sula, Kremenchug and
Dneprodzerzhynsk reservoirs. Concentrations of Zn com-
pounds, within 10-16 MPC, were determined in the water
of Kiev, Kremenchug and Dneprodzerzhynsk reservoirs. In
the rivers of Samara, Volchya, Solenaya, there are always
cases of high pollution by sulphates.

The important direction in the study of processes of
reducing the negative impact of IWW ponds is an investiga-
tion of migration paths of filtrates with soluble compounds
of heavy metals in soil.

The main types of effect of IWW and sludge ponds on the
environment are release of toxic components of raw materials,
effluents, wastes into the atmosphere, water basin, ground
waters and earth surface. Fig. 5 shows a schematic diagram of
entry of heavy metal ions into surface and ground waters and
soil, and their content in soil near the IWW pond.

The main sources of impact of enterprises on water ba-
sin are discharges of untreated and conditionally treated
industrial waste water. Also, the negative effect is exerted
by filtrate and surface flows from IWW and sludges ponds.
The deposition of the solid phase of organized and unorga-
nized dust-gas emissions into surface water bodies can be
significant.

Indicators of environmental pollution are chemical com-
pounds that correspond to the composition of raw materials,
discharges of IWW and sludges taking into account the
background of location of the enterprise-pollutant. Damage
objects are water bodies within the dispersion of pollution



indicators, landscapes. In general, the potential, preventable,
compensable, liquidated and residual types of damage to
the environment are determined. About 50 % of ponds are
concentrated in the southern part of the basin. These are
filterable ponds, from which solutions of soluble salts enter

surface and ground waters. More than 40 % of the ponds of
the basin are very dangerous (Fig. 1-3, 5-8).

A structural scheme for minimizing the damage to the
environment from the impact of sludge pond is shown in
Fig. 9.
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Fig. 5. The scheme of entry of heavy metal ions from industrial waste water into surface and ground waters,
volume of industrial waste water and sludge pond
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Fig. 7. Discharge of untreated waste water from “Zaporizhstal metallurgical plant” (Ukraine) into the industrial waste water
and sludge pond (“balka Kapustyanka”): a — discharge of waste water from rolling-mill processes; b — discharge of waste
water from pickling and galvanic processes
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The problems of preventing damage to the
environment in the areas of location of ponds
of untreated IWW and sludges from industrial
enterprises have a dual nature. From the one
hand, these flows contain heavy metals, and
from the other hand, they cause serious damage
to all areas of the environment.

The feasibility of investing in the recovery
of valuable components from discharged indus-
trial waste water and sludge is characterized
by a large economic effect and a short payback
period of created facilities.

6. Discussion of the results of the study of
the state of the water basin of the Dnepr
river in the area of location of “Zaporizhstal”
metallurgical plant and its water collecting
facility “b. Kapustyanka”

To prevent pollution of the water basin
by waste water and sludges from the sludge
pond of “Zaporizhstal” metallurgical plant, it
is advisable to carry out a set of research, de-
sign and survey works to study the properties
of accumulated scale deposits in the areas of
its discharges in the sludge pond. This allows
creating a production complex for scale utili-
zation. According to technology developed by
SE “UkrRTC “Energostal”, briquettes (pellets)
enriched with iron can be used in the main pro-
cesses of the plant.

The investigated pond with capacity of
10.5 mIn. m*® was designed by “Vodokanal-
proekt” (Kharkiv, Ukraine). The discharge of
IWW and sludge into it is 1.1 mln. tons/year,
service life is 25 years, the area of the sludge
pond is 135 ha, the sludge pond has been op-
erated since 1958. The pond is designed for
discharging IWW and sludge:

— from “Zaporizhstal” — sludge from the wet
gas cleaning of the sinter plant, blast furnac-
es, open-hearth furnaces, continuous casting
machines, flows of the head and power plant,
watered scale of rolling-mill shops, molds shop,
waste emulsions, etc.;

— from by-product coke plant — coal cleaning
sludge, part of chemically contaminated IWW;

— from “Aluminum Plant” — sludge from the
wet gas cleaning of the head and power plant,
operating on solid fuel, and sludge of alumina
processes;

— from “Dneprospetsstal” plant — watered
rolling scale, neutralized and acid IWW, wet
gas cleaning sludge;

— from “Hardware plant” — neutralized and
acid IWW;

— from “Kremniypolimer” plant — sludge of
chemical processes.

In 1979, recirculating cycle for IWW from
the hot plate rolling mill (NTLS-1680) was
commissioned. Heretofore, the flows, contam-
inated with scale and oils, from primary set-
tling tanks were discharged into the sludge
pond. Taking into account that, in present



time, the recirculating cycle system collects an average of
12.000 tons/year of scale, in the period from 1958 to 1979
the scale, contained in IWW, was accumulated in the bed of
“balka Kapustyanka” and during 20 years its mass was more
than 252 thous. tons.

The layout of horizontal settling tanks and the compo-
sition of the equipment of the water supply shop at “Zapor-
izhstal” is shown in Fig. 10. Schematic diagram of recovery
of iron-containing bottom deposits of scale from the water
collecting facility “b. Kapustyanka” is provided in Fig. 11.
The specialists of the plant modernized gas cleaning equip-
ment of the sinter plant and hydrotechnical facilities of
recirculating water supply cycle for wet gas cleaning of blast
furnaces. This allows decreasing significantly discharge of
IWW into the water collecting facility “b. Kapustyanka”.

SE “UkrRTC “Energostal” developed a new low-waste
economically-efficient technology for wet oily scale recov-
ery. Obtained iron-enriched briquettes or pellets are suitable
for use in the main processes of the plant. Representative
scale samples of “Zaporizhstal” were used as raw material.

As a result, the reduced volume of waste water of the
plant comes into the water collecting facility. 150 m*/hour
of industrial waste water is discharged from gas cleaning
of the sinter plant, 400 m®/hour with a concentration of
suspensions up to 200 mg/dm® and mineralization up to
2500 mg/dm® — from the recirculating water supply cycle
for gas cleaning of blast furnaces. In some cases, in the event
of failures during the IWW supply from gas cleaning to the
recirculating cycle, the emergency discharges in the volume
up to 600 m3/hour with a concentration of pollution up to
5 g/dm? can occur.

Plate rolling mill Laminar cooling
system
— _—
’ 8 - ——9
Wet scale settling
tanks

Wet scale settling
tanks

Scale dehydration
tanks

Scale dehydration
tanks

(]
2 block of settling tanks of WSS 4 block of settling tanks of WSS €
“
i 5
1 block of settling tanks of WSS 2 block of settling tanks of WSS 5
L) R W O
1

Scale dehydration tanks

Fig. 10. Layout of horizontal settling tanks and the composition of the
equipment for the water supply shop at “Zaporizhstal”: water supply
shop (WSS); 1, 2 — sludge pipelines No. 2; 3, 4 — sludge pipeline No. 1;
5, 6 — clarified water pumps; 7 — scale-containing industrial waste water
from cooling of methodical furnaces and roughing stands group;

8 — scale-containing industrial waste water of cooling of finishing stands
group; 9 — scale-containing industrial waste water of the laminar cooling
system; 10 — supply of industrial water from the Dnepr river

Fig. 11. Working of sludge deposits of the water collecting

facility in “balka Kapustyanka” at “Zaporizhstal” (Ukraine):

1 — site of “Zaporizhstal” plant; 2 — recirculating cycle of

scale-containing industrial waste water; 3 — slurry pipeline
L=1.5 km, D=600 mm; 4 — dredger

7. Conclusions

1. Based on the results of conducted investigations of
water quality in water bodies of the basin of the Dnepr river,
the most common pollutants are compounds of heavy metals
(Mn, Cu, Zn, Fe ions, etc.), nitrogen compounds, phenols.
According to hydrochemical observations, during the peri-
od 2011-2013, in general, the water quality in rivers of the
Dnepr basin has not changed significantly in most of the
indicators: average annual concentrations of main pollutants
exceed MPC, and some are at the level of high pollution.

2. The average annual concentrations of pollutants in the
water of the Dnepr river and its main tributaries were defined.
The maximum content of Mn compounds, in the range of
20-61 MPC, was observed in the rivers of Dnepr,
Sluch, Oster, Udai, Psel, Sula, Khorol, Vorsk-
la, Volchya, Ingulets and Dneprovsky reservoir.
Significant amounts of Cu compounds, in the
range of 31-59 MPC, were found in the rivers of
Dnepr, Ustye, Sluch, Desna, Sula, Kremenchug
and Dneprodzerzhynsk reservoirs. Concentrations
of Zn compounds, in the range of 10—-16 MPC,
were determined in the water of Kiev, Kremenchug
and Dneprodzerzhynsk reservoirs.

3. To reduce the negative impact of waste water
and sludges from the main processes of “Zapor-

izhstal” on the water basin of the Dnepr river, gas
I cleaning equipment of the sinter plant and hydro-
technical facilities of recirculating water supply
cycle for wet gas cleaning of blast furnaces was
modernized. This allows decreasing significantly
discharge of IWW into the water collecting facili-
ty “balka Kapustyanka”. Further, it is advisable to
carry out a set of research, design and survey works
to study the properties and actual volumes of accu-
mulated scale deposits in the areas of its discharges
in a sludge pond. This allows creating a production
complex for scale utilization. According to the
technology developed by SE “UkrRTC “Energos-
tal”, briquettes (pellets) enriched with iron can be
used in the main processes of the plant.

The results of conducted investigations can
be useful for forecasting consequences of the
impact of discharged TWW ponds, tailing dumps
and dumps of large-tonnage waste on the envi-
ronment.
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