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We presented three new methods for assessment of the environ-
mental risk of deterioration of a surface water state. We defined the
ecological risk of deterioration of surface water at the state level as
an addition of the integrated parameter of the state of surface waters
and the integral index of anthropogenic loading. We used the official
information of the National Report on the state of the environment
of Ukraine to calculate the mentioned indicators. We developed clas-
sifications of anthropogenic loading on aquatic ecosystems and eco-
logical risk of deterioration of water ecosystems. The assessment of
the ecological risk of deterioration of surface water state in Ukraine
showed that there are watercourses of the Siversky Donets river
basin in the most dangerous state. A base of the methodology for as-
sessment of the risk of water ecosystem well-being disruption is the
determination of all parameters of the state of quality of surface wa-
ters that exceed the ecological standards using the probit-regression
model. The process of determining ecological risk for watercourses
of the Siversky Donets river basin in Kharkiv region showed a high
level of danger to the well-being of the water ecosystem of the Udi
river. We obtained the forecast of climatic changes by parameters of
temperature and volumes of precipitation in Kharkiv region. We in-
vestigated the dynamics of wastewater discharge to the Udi river for
the period from 1992 to 2016. The study on an influence of natural
and anthropogenic factors on the ecological state of the Udi river
revealed that the impact of wastewater discharge with a correlation
coefficient of 0.747 is a significant factor. The application of a new
methodology for assessment of the risk of degradation processes

made it possible to determine a list of small rivers in Kharkiv region,

which require implementation of measures based on the analysis of

water use efficiency, taking into consideration landscape and ecologi-

cal features of a catchment area. We proposed an algorithm for the

improvement of water protection strategy based on determining the

ecological risk of deterioration of the condition of surface water at

the state, regional and local levels. The improvement of water pres-

ervation strategy aims at introduction of an integrated interactive

surface water quality management.

Keywords: water protection strategy, ecological risk, climate
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In galvanic cakes and municipal wastewater sludge, there are
significant amounts of heavy non-ferrous metals, which are classified
as hazard class I ecotoxicants and are currently being disposed. The
existing methods of toxic waste processing do not provide for the se-
lection and efficient recovery of valuable components. However, the
cost of non-ferrous and precious metals and their industrial content
in these types of technogenic waste allow justifying the payback and
profitability of their industrial processing.

Based on the laboratory and large-scale laboratory experiments,
flow diagrams of processing of galvanic cakes and wastewater sludge
are proposed. The calculated kinetic and thermodynamic character-
istics (activation energy, time of complete dissolution, Gibbs free
energy value), the recovery parameters of heavy non-ferrous met-
als (£cy=99.5 %, exi=99.5 %, £2,=99.9 %) indicate the possibility of
industrial implementation of the given flow diagrams. Dependencies
of copper recovery on temperature and leaching time are presented.
The obtained results allow speaking about the kinetic limitation of
the process of galvanic cake leaching (Ec,=15.7 k] /mol) and demon-
strate the possibility of conducting the process at low temperatures
(t=40 °C), which leads to lower energy consumption.

The advantage of the proposed options of processing of galvanic
cakes and wastewater sludge is the presence of commercial equip-
ment, the use of traditional hydrometallurgical processes, availabil-
ity and low cost of reactants, short payback periods and anthropo-
genic load reduction.

Keywords: technogenic waste, heavy non-ferrous metals, waste-
water treatment, electroplating waste.

References

1. Kofman, D. I, Vostrikov, M. M. (2009). Ekologicheskie problemy
pererabotki othodov. Tverdye bytovye othody, 1, 31-32.

2. Pashkevich, M. A, Anciferova, T. A. (2013). Ocenka riska tekh-
nogennogo vozdeystviya predpriyatiy toplivno-energeticheskogo
kompleksa. Problemy racional'nogo prirodopol’zovaniya. Zapiski
Gornogo institute, 203, 225-228.

3. Rubanov, Yu. K., Tokach, Yu. E., Ognev, M. N. (2009). Pererabotka
shlamov i stochnyh vod gal’vanicheskih proizvodstv s izvlecheniem
ionov tyazhelyh metallov. Sovremennye naukoemkie tekhnologii,
3,82-83.

4. Zalygina, O. S., Marcul’, V. N., Lihacheva, A. V. (2012). Osadki
stochnyh vod gal’vanicheskogo proizvodstva kak vtorichnoe syr’e.
Noveyshie dostizheniya v oblasti importozameshcheniya v himiches-
koy promyshlennosti i proizvodstve stroitel’nyh materialov: mate-
rialy Mezhdu-nar. nauch.-tekhn. konf. Ch. 2. Minsk, 97-102.

5. Kapashin, V. P, Mandych, V. G., Voronin, V. A. (2017). Sposoby likv-
idacii opasnyh i toksichnyh promyshlennyh othodov. Teoretiches-

kaya i prikladnaya ekologiya, 4, 49-53.



6. Fechete, 1., Wang, Y., Védrine, J. C. (2012). The past, present and
future of heterogeneous catalysis. Catalysis Today, 189 (1), 2—27. doi:
10.1016/j.cattod.2012.04.003

7. Czajczynska, D., Anguilano, L., Ghazal, H., Krzyzyfiska, R., Rey-
nolds, A. J., Spencer, N., Jouhara, H. (2017). Potential of pyrolysis
processes in the waste management sector. Thermal Science and
Engineering Progress, 3, 171-197. doi: 10.1016/j.tsep.2017.06.003

8. Zerlottin, M., Refosco, D., Della Zassa, M., Biasin, A., Canu, P.
(2013). Self-heating of dried wastewater sludge. Waste Management,
33 (1), 129-137. doi: 10.1016/j.wasman.2012.08.014

9. Barakat, M. A. (2011). New trends in removing heavy metals from
industrial wastewater. Arabian Journal of Chemistry, 4 (4), 361-377.
doi: 10.1016/j.arabjc.2010.07.019

10. Wang, Q., Wei, W,, Gong, Y., Yu, Q., Li, Q., Sun, J., Yuan, Z. (2017).
Technologies for reducing sludge production in wastewater treat-
ment plants: State of the art. Science of The Total Environment,
587-588, 510-521. doi: 10.1016 /j.scitotenv.2017.02.203

11. Pashkevich, M. A,, Petrova, T. A. (2013). Utilizaciya obezvozhen-
nyh tekhnogennyh donnyh otlozheniy vodnyh ob’ektov gornopro-
myshlennyh regionov. Zapiski Gornogo instituta, 206, 160—162.

12. Appels, L., Baeyens, J., Degrve, J., Dewil, R. (2008). Principles
and potential of the anaerobic digestion of waste-activated sludge.
Progress in Energy and Combustion Science, 34 (6), 755-781.
doi: 10.1016//j.pecs.2008.06.002

13. Naumov, V. 1., Naumov, Yu. L., Galkin, A. L., Sazont’eva, T. V. (2009).
Utilizaciya shlama gal’vanicheskih proizvodstv. Gal’vanotekhnika i
obrabotka poverhnosti, 17 (3), 41-47.

14. Gulyaeva, 1. S, D’yakov, M. S., Glushankova, 1. S. (2015). Termi-
cheskiy sposob obrabotki osadkov gorodskih stochnyh vod, soder-
zhashchih tyazhelye metally. Vodosnabzhenie i sanitarnaya tekhnika,
3, 43-48.

15. Roy, M. M., Dutta, A., Corscadden, K., Havard, P, Dickie, L. (2011).
Review of biosolids management options and co-incineration of
a biosolid-derived fuel. Waste Management, 31 (11), 2228-2235.
doi: 10.1016/j.wasman.2011.06.008

16. Krasotkin, I. S., Dubrovinskiy, R. L. (1973). Gazohromatografiches-
koe opredelenie udel'noy poverhnosti produktov metallurgicheskogo
i obogatitel'nogo proizvodstv. Zapiski LGI, 54 (3), 161-167.

17. Kireev, V. A. (1970). Metody prakticheskih raschetov v termodin-
amike himicheskih reakciy. Moscow: Himiya, 519.

18. Krestovnikov, A. N., Vigdorovich, V. N. (1973). Himicheskaya ter-
modinamika. Moscow: Metallurgiya, 256.

19. Vigdorchik, E. M., Sheynin, A. B. (1971). Matematicheskoe
modelirovanie nepreryvnyh processov rastvoreniya. Leningrad:
Himiya, 248.

DOI: 10.15587,/1729-4061.2018.128064
HYDROTHERMAL MODE OF THE FLOWTHROUGH
RESERVOIRCOOLER WITH RESPECT TO ITS
MORPHOMETRIC CHANGES (p. 24-29)

Nikolai Bosak

Lviv Polytechnic National University, Lviv, Ukraine
ORCID: http://orcid.org/0000-0003-0306-9583

Oleksandr Hvozdetskyi
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: http://orcid.org/0000-0001-5590-4689

Roman Hnativ
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: http://orcid.org/0000-0002-4931-7493

We carried out hydrothermal investigations of the flow-through
reservoir-cooler with running water of the thermal power plant. The
purpose of the study was to investigate a degree of silting of the
flow-through reservoir-cooler of TPP for the operation period and
an effect of morphometric changes of RC on its temperature and
temperature of circulating water. The peculiarity of the circulating
water supply of this thermal power plant is that two channels carry
out the discharge of circulating water into the reservoir — to the tail
part of it and to the head part, near the water discharge facility.

The volume of silting of the Dobrotvir reservoir during the
operation period is 0.88 million m?, the total volume decreased by
9.6 %. The depths up to 2 m increased by 28 %. The area of the res-
ervoir decreased by 1.56 km? as a result of silting and overgrowth of
coastal water area.

Circulating water in the near water area of its discharge into the
reservoir cools by 3-4 °C, that is, by =50 % of the total value. Over
the operation period, the near water area became shallow, but this
did not affect temperature performance of the reservoir.

We recommended the formula for forecasting a temperature of
water discharged from flow-through reservoir to a river, which is im-
portant for the summer period. The discharge of circulating water for
cooling by two channels — to the upper and to the catchment water
area of the flow-through reservoir-cooler increases its active area. It
is possible to provide sanitary norms regarding the thermal pollution
of the river below the reservoir-cooler by regulation of the discharge
of deep layers of water by discharge facility in summer.

The results of research can be useful for operation of reversible
systems of technical water supply with reservoirs-coolers. They are
important for regulation of redistribution of circulating water of a
thermal power plant to a water area of a reservoir-cooler, as well as
for operation of their discharge facilities in flow-through reservoirs.

Keywords: flow-through reservoir-cooler, silting of a reservoir,
water temperature in a catchment water area.
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Parameters of the biotechnology of wastewater treatment for
nitrogen and phosphorus removal using immobilized microorganisms
are investigated. The acutest problem of municipal wastewater treat-
ment is the low removal efficiency of biogenic compounds, namely
nitrogen and phosphorus. Exceeding the discharge norms for nitrogen
and phosphorus compounds leads to a dangerous ecological situation
in water bodies of Ukraine. The intensity of transformation of nitrogen
and phosphorus compounds is limited by the rather low growth rates
of nitrifying bacteria (0.25-0.35 day!), sensitivity to pH fluctuations
(the value of 6.5-8 should be maintained), competitive relations with
heterotrophs. It is advisable to use immobilized microorganisms to
increase the concentration of nitrifying bacteria and create favorable
conditions for biomass development. The perpendicular air flow in
relation to wastewater flow in the aerobic bioreactor zone, which pro-
vides the oxidation capacity by ammonium nitrogen of up to 120—130
g/(m>.day), is investigated. It is established that the specific oxidation
rate of organic matter in municipal wastewater treatment reaches
25 mg COD/(g/day), providing COD treatment efficiency of up to
90 %. The efficiency of wastewater treatment for ammonium nitrogen
removal at an initial concentration of 30—50 mg/dm? is 97.3-99 %.
The sequence of anaerobic-anoxic-anaerobic-aerobic processes, which
provides the efficiency of wastewater treatment for removal of organic
pollutants of 90-95 %, ammonium nitrogen 97-99 % and phosphates
93-95 %. with the treatment duration of up to 4 hours is studied.

Keywords: anaerobic, anoxic and aerobic bioreactors, immobi-
lized microorganisms, biotechnology, nitrogen and phosphorus re-
moval.
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Fires at residential buildings are extinguished by both compact
and sprayed jets of water. The result of fire suppression at facilities
using compact jets of water is the increased consumption of water,
which leads to collapse of the structures at a building. The applica-
tion of water firechoses without fire-rescue vehicles is also impossible.
Water that is sprayed to the droplets of small size makes it possible
to extinguish a flame mainly by the dilution of a gas combustible
medium with water vapor, formed during evaporation of droplets.
The effectiveness of fire extinguishing with finely-dispersed water is
affected by a diameter of the droplets or dispersion.

It is proposed, to suppress developed fires at facilities, to apply
the installation of fire extinguishing with finely-dispersed water of
the pulse-periodic action. We have tested the designed installation
for fire extinguishing. Based on the research results, we obtained
parameters for the operation of the installation, such as the velocity
of the shock wave, which amounted to 1,667—1,724 m/s. It was es-
tablished that one detonation cycle uses about 30 mg/cycle of com-
bustible mixture. Detonation cycle frequency is greater than 20 Hz.
The estimated total power of the installation is 50 kW. According to
results of the study, we found that the transition of combustion into
detonation occurs at the expense of compression and heating of the
combustible mixture. The established parameters for the operation of
the installation make it possible to disperse water jets in the installa-
tion’s barrel by a flow of detonation products.

The resulting dispersion of a finely-dispersed water jet by the
method of trapping the droplets of water is within 60-100 pm. Based
on the results of our study, it was established that an optimum water
feed to the installation is 0.5-1 1/s, which depends on the area of a
fire. This means that during operation water consumption to sup-
press a fire would equal 1,800 I, which would enable the removal of
heat from a fire site at about 4 GJ/h; the area of a fire in this case
would make up 125 m?,

Keywords: technical means, finely-dispersed water, gas-water
jet, fire extinguishing, fire load, area of fire extinguishing.
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The method of operative frequency-temporal representation of
fluctuations of gaseous media parameters at an early stage of fire at
premises was developed. The basic assumptions about the peculiarities
of dynamics of hazardous factors of gaseous medium at early ignition
at premises were stated. The authors created theoretical framework for
development of the method, based on the fact that violation of equi-
librium state of gaseous medium is translated by the medium to the
zone of sensors’ localization and responds to emergence of an ignition
in premises. The fire source in this case is considered a moving source
of disturbances and parameters of the medium carry information about
temporal and frequency shifts of disturbances. It was shown that
these shifts of disturbances are characterized by the correspondent
uncertainty function, which is an invariant with respect to the double
Fourier transformation, determined by squared modulus of frequency-
temporal energy density of the parameter. The proposed method is
a further development of frequency-temporal representations of the
Cohen class in case of fluctuations of gaseous medium parameters at
early ignitions in premises. The main features of the method are its
relative simplicity and the use of data in real time. The verification of
the developed method was performed based on the experimental data
of the main parameters of the gaseous medium at an early ignition of
alcohol, paper, wood, and textiles in the simulation chamber.

Keywords: fire source, gaseous medium, equilibrium state,
frequency-temporal representation, fire sensors.
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Creating environmentally friendly flame-retardant materials for
natural inflammable roof structures will make it possible to control
the processes of thermal stability and physical-chemical properties
of a protective coating over its life cycle. There is therefore a need
to study conditions for the formation of a thermal conductivity
barrier and for the establishment of a mechanism that inhibits heat
transfer to the material. Tt was experimentally determined that reed,
non-treated with a flame-retardant agent, was ignited under the ac-
tion of burner in 5 seconds, with the flame spreading throughout the
entire surface, which resulted in its complete burning and the loss of
mass. The study that we conducted into the influence of a coating
on the transfer processes of a high-temperature flame to a material,
established the fire protection process mechanisms, which imply the
inhibition of such an action. It was proven that this process includes
the decomposition of flame retardants under the action of tempera-
ture, with heat absorption and release of incombustible gases, the
formation of ash-like products at the surface of a natural combus-
tible material, as well as thermal insulation. That made it possible to
determine conditions to protect reed from fire by forming a barrier
to thermal conductivity. Experimental study has confirmed that a
sample of fire-retardant reed withstood a thermal influence; the ac-
tion of a heat flow lead to the swelling of the impregnation and the
coating, which lasted for 120 seconds. We estimated the maximum
possible penetration of temperature through the thickness of a coat-
ing and established that when reed, protected by the impregnating
composition, was exposed to a flame of the burner, temperature at
the inner surface was less than 147 °C with the mass loss not exceed-
ing 2.9 %. Even greater efficiency was demonstrated by samples
that were treated with the coating; the temperature did not exceed
140 °C, with a 2.5 % mass loss. We also established that the coef-
ficient of thermal conductivity, when protected from fire, reaches
1.6 W/(m-°C) for the impregnating composition, and 1.2 W /(m-°C)
for the coating, respectively.

Keywords: reed fire protection, swelling coatings, thermal con-
ductivity, surface treatment, thermophysical properties.
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Environmental impact of gas burning parameters during opera-
tion of the gas pumping units of compressor stationswas studied.
Simulation of the NOy, NO and CO dispersion zone at the excess
air coefficients of 1.0; 1.1; 1.3; 1.6 was made using the Eol-Plus, v.
5.23 software package. Adjusted dimensions of the sanitarypro-
tective zone were established for various values of the excess air
coefficient and according to the local windrose. It was determined
that the smallest distance of emission dispersionwas at the value
of a=1.00 and the largest distance was at a=1.60. It has been es-
tablished that withincreases in the coefficient a, the near-earth
concentrations of nitrogen oxides grow and those of carbon mon-
oxide fall. Tt was found that concentrations of nitrogen oxides are
minimal during gas combustion in the GB chambers at a=1...1.1.
Recommendations for raising the level of environmental safety of
the gas transportation facilities and a method of purifying exhaust
gases from CO in operation of compressor stations on main gas
pipelines were proposed. The method consists in an additional sup-
ply of ionized air in exhaust gases.

Keywords: environmental safety, gas pumping unit, environ-
mental pollution, atmosphere, oil-and-gas complex.
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