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MEASUREMENTS OF ASH EMISSIONS
FROM A PLANT FOR BURNING OF
RADIOACTIVELY CONTAMINATED WOOD

Jocaidaceno egexmusnicmo nui02a3o0uuUcHoz0 YCmamry8anus, wo 6cmanosieno ¢ m. dopno-
ounv (Yepaina) na incunepamopi padioakmueno-3abpyonenoi depesunu KBu(a)-2,0. /lana ycmanoska
gr0uace 6 cebe 2pyby i mouky ouucmxy (2pyna yuxionie muny L[I1-15 ma zpyna pyxasnux ¢intompis).
Y pesynvmami nposedenux excnepumenmanrvnux 0ociioxcenv niomeepoicena epexmusnicms podomu
NUN02A300UUCHOZ0 YCMAMKYBANHHS MA 00CAZHYMO BUKOHAHHS BUMOZ 00 UKUOIE THCUHEPAMOPHOTL Yycma-

HOBKU 3 KOHUeHMpayiero 30au 00 4 mz/m>.

Kmouosi cnosa: cuxuou 3a0pyonIoUuUx peuosun, exoi02iuni GUMIPIOBAHHsL, iHCUHepamop padioax-
mueHo-3a6pyonenoi depesuni, NUI02a3004UCHE YCTNAMKYBAHHSL.

1. Introduction

To date, a major problem in the field of pollution,
especially the air basin is the burning of forests. There is
a pollution of the environment by toxic combustion pro-
ducts (emissions of harmful chemicals into the surface layer
of the atmosphere, smoke). Erosion of soils, reduction of
river flow, desertification of land — all this is a consequence
of a forest fire. There is a violation of the natural carbon
cycle, an increase in the concentration of carbon dioxide
and, as a consequence, a contribution to global warming.

An actual problem is the forests of the Chernobyl zone,
contaminated with radiation, because during a forest fire
contamination of radioactive products from the burning
of radioactive contaminated wood gets into the air. And
further with the wind there is a secondary transfer to
other territories and their pollution. However, to date,
there are methods to influence this situation. In particular,
an incinerator intended for burning of wood, including
radioactive contaminated in the Chernobyl Exclusion Zone
and the collection of radioactive contaminated ash from
dust and gas treatment equipment (DGTE).

2. The ohject of research
and its technological audit

The object of research is the efficiency of dust and
gas treatment equipment for the removal of contaminated
combustion products from the flue gases of the incinera-
tor plant.

Reducing the volume of dry forest in the Chernobyl
exclusion zone is aimed at reducing the risk of fires in
the region and preventing radioactive contamination by
the products of combustion of radioactively contaminated
wood. For this purpose, according to the contract with
the European Commission within the framework of the
project «Technical re-equipment of an industrial build-
ing for the plant of an experimental plant for burning
of wood Chernobyl, Kirov str., 42» an incinerator was
installed on the territory of the Chernobyl zone. The
incinerator is a hot water boiler of the KBwm(a)-2,0 model
with mechanized fuel combustion.

Within the framework of the project, existing modern
technologies of burning of wood, technologies for handling
contaminated ash and removal of contaminated combustion
products from flue gases have been tested and implemented.

One of the most problematic areas of the research
facility is that when removing contaminated combustion
products (ash) from flue gases, the efficiency of the dust
and gas treatment equipment should ensure ash concentra-
tions of up to 4 mg/m? in the incinerator plant emissions.

3. The aim and ohjectives of research

The aim of this work is an experimental study of the
amount of ash emissions that occurs when the dry forest
of the Chernobyl Exclusion Zone is controlled.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To conduct measurements of the ash concentration
in the emissions of the incinerator plant.

2. To compare the obtained concentration value with
the requirements of the European Union in the flue gas
of this incinerator.

4. Research of existing solutions
of the prohlem

The assessment of the consequences of radioactive emis-
sions for forestry, and the discussion of the treatment and
utilization of radioactive wastes are considered in [1—3]. The
plants are designed for incineration of waste — incinerators
were widely distributed in the world back in the fifties
and sixties [4]. And the use of commercial incineration
plants to reduce the volume of radioactive contaminated
combustible wastes was first proposed in 1964 [5, 6]. The
authors [7, 8] show the technologies for eliminating hazard-
ous wastes and contaminated forests, in which the emissions
from combustion plants should contain a minimum amount
of contaminated ash. It is described in [9, 10] that flue
gases are subjected to treatment to reduce emissions of
pollutants. At the same time, there is a problem in deve-
loping methods and means for flue gas cleaning, which will
ensure the lowest values of ash emissions in flue gases.
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On the basis of the analysis, it is practically neces-
sary to determine the efficiency of flue gas cleaning using
incinerators of the KBm(a)-2,0 type. This can additionally
provide the site with the help of experimental material
for further theoretical generalizations.

5. Methods of research

Studies were conducted in Chornobyl, Ukraine on an
incinerator plant equipped with a gas stream cleaning
system and includes coarse and fine cleaning (Fig. 1).
Application of two-stage cleaning allows to increase the
efficiency of dust and gas cleaning equipment and to re-
duce emissions of radiation ash. A schematic diagram of
the plant is shown in Fig. 2.

Fig. 1. An incinerator plant for burning of radioactive contaminated
wood for the removal of contaminated combustion products from flue gases

‘ Emission
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Fig. 2. Schematic diagram of the incinerator plant:
1 — wood incinerator KBm(a)-2,0 type; 2 — group of cyclones
of LI1-15 type; 3 — group of bag filters; 4 — scraper conveyor; 5 — smoke
exhauster; 6 — 200 liter storage container

The first stage of treatment is a group of cyclones
such as IIII-15, which are installed behind the boiler
and are designed for rough cleaning of dry gases from
dust particles larger than 10 microns with an efficiency
of 85-98 %. The second stage of treatment is a group
of bag filters installed between a group of cyclones and
a smoke exhaust. The bag filter is dry type dust collec-
tion equipment that is used to clean the gas-air mixture

and has a high degree of efficiency of 95-99.5 %. All of

the trapped ash is removed using a scraper conveyor in
a 200 liter storage container.

This design of gas treatment equipment is defined by the
requirements of the European Union to the ash content in
the flue gases emitted from the plant. According to these
requirements, the filtration of flue gases should ensure emis-
sions of ash concentrations to 4 mg/m?, which is much more
stringent than the requirements of Ukrainian legislation. In
accordance with Order No. 309 of the Ministry of Ecology
of June 27, 2006 «On approval of standards for maximum
permissible emissions of pollutants from stationary sources»,
the mass concentration of suspended solids undifferentiated
in composition should not exceed 150 mg/m?® with a mass
flow rate less than or equal to 0.5 kg/h.

In order to confirm compliance with the established
requirements of the European Union for flue gases, waste,
experimental measurements were made during the opera-
tion of the incinerator plant.

The measurements were carried out in accordance with
MVM No. 081/12-0161-05. This ensures the measurement
of the mass concentration of dust in the organized emis-
sions of industrial stationary sources in the range from 1
to 10.000 mg/m?, including the boundaries of the total
relative error 8+15 %, which meets the requirements of
RD 52.04.59.

This method of measuring the mass concentration is
based on the gravimetric measurement of the dust mass.
Dust is accumulated by the filter material during sampling
under the condition that the velocities of the gas-dust
flow at the sampling point and in the sampling aperture
of the variable tip are met (isokinetic condition). The
isokineticity condition is realized using a probe with an
appropriate diameter of the variable tip and sampling with
the calculated gas volume flow rate.

6. Research results

In the beginning, measurements are made of the para-
meters of the gas-dust flow: velocities (GOST 17.2.4.06-90),
humidity (GOST 17.2.4.08-90), static pressure and gas-dust
flow temperature (GOST 17.2.4.07-90). In the course of
the experimental studies, the temperature of the gas-dust
mixture did not exceed 100 °C, since the filtering mate-
rial was used as the filtering element — the cloth lavsan
filtering art 860316, TU 17 of the RSFSR 8653-75.

Having measured the flow velocity at the sampling
points, and having selected the appropriate tip, the col-
lected probe was introduced into the flue. The volumetric
flow rate of the gas-dust flow was established on the ro-
tameter of the aspirating device and the temperature and
rarefactions of the gas-dust flow in front of the rotameter
were measured. At the same time, the barometric aneroid
measured atmospheric pressure.

The parameters of the gas-dust flow are established:
temperature — 85 °C, velocity — 7.24 m/s, volume flow —
1.55 nm?/s. Ambient temperature — 25 °C, atmospheric
pressure — 755 kPa.

The sampling time of one sample was 20 minutes. At
the end of the sampling time, the probe was received from
the flue. The filter was after changed for subsequent se-
lection. Five samples were taken.

The filters used were folded in half with a dusty side
inward, they were packed in a package with tracing paper,
which, in turn, was put into a plastic bag. After it was
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dried, the weights of the filter elements with the sampled
dust samples and the control filters were measured. The
obtained results allowed to determine the concentration
and mass flow of dust at the outlet from the chimney.

Calculation of the dust content of the gas-dust flow
(py, mg/m?), measured in the flue-gas section, was made
by the formula:

(m,—m,+m_)-1000
Vo

Py = -1000, (1)

where my — the mass of the filter element after sampling, g;
my — the mass of the filter element for sampling, g; m, —
the mass of the blank sample, g; V, — the volume of the
sampled gas sample, raised to normal conditions, dm?.

The results of the measurement are summarized in
Table 1.

Based on the results of measurements of the dust and
gas treatment equipment (Table 1), it is found that the
maximum ash concentration is 3.76 mg/nm® at a mass
flow of 0.020981 kg/h, which meets the requirements.

EKOMOrIA TA TEXHOMOrII 3AXHCTY HABKOMHIHLOTO CEPEJOBHILA
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of low- and intermediate-level nuclear waste «Vector» at
the landfill, which corresponds to the Resolution of the
Cabinet of Ministers of Ukraine No. 480 from April 29,
1996 «Some Issues of Radioactive Waste Management».

1. The carried out experimental measurements makes
it possible to confirm the efficiency of the dust-and-gas
treatment equipment for the removal of contaminated
combustion products from the flue gases and allows to
meet the ash concentration requirements up to 4 mg/m3,
in the incinerator plant.

2. The modern plant for burning of radioactively
contaminated wood is equipped with a system of dust-
free (dry) ash removal from the boiler and a system for
dust-free conditioning of radioactive contaminated ash, fully
complies with the requirements of the current Ukrainian
and European legislation. That is, the requirements for
emissions of the incinerator plant for ash concentration
up to 4 mg/m? have been achieved.

This plant plays an important

Table 1 role in reducing emissions and re-
Results of measuring the ash content in the incinerator plant, Chernobyl, Ukraine duc'lng the _ecolog}cal load Of the
region and improving the environ-
Name of | Sample site |  Gas-dust flow parameters Mass | Mass dis- mental safety of Ukraine.
source of | and flue (At the sampling site) No. of | concentra- | charge of
llutant | duct Name of pol- tion of lutant
pollutant | duct cross- | . Velncit volume lutant sam- ion o pollutan References
forma- sectional elocity, ple | pollutant, | emission,
perature flow, gyg,
tion area, m o V, m/s 3 mg/nm® | gm, g/s 1. Belarus — Forestry Sector Development
v t,, °C nm°/s ’ Cact: ; Al ass
Project: environmental assessment of
1 376 0.005828 radiological consequences for forestry
Substances in contaminated areas of the Repub-
Incin- in the form 2 3.12 0.004836 lic of Belarus (Vol. 5) [Electronic re-
erator for | After GTU, of suspended source]: Final report: fire management
burning | =06 m 85 7.24 1.55 solids undif- 3 5.96 0005518 mission // World Development Sources,
of wood ferentiated in 4 3.45 0.0053%48 WDS 1997-2. — Belarus: Government
composition of Belarus. — Available at: \www/URL:
2 3.34 0.005177 http://documents.worldbank.org/cura-

7. SWOT analysis of research results

Strengths. The tested technology will reduce the emis-
sions of radioactive contaminated ash into the atmosphere.
This is due to the use of a two-stage treatment, namely
a group of cyclones III1-15 and a group of bag filters. At
the same time, the expected treatment effect ensures that
the ash concentration in the emissions of the domestic
pipe is less than 4 mg/nm?®.

Weaknesses. Bag filter of dust collecting equipment
over time require replacement, which leads to an increase
in operating costs. The periodicity of replacement of bag
filters at the maximum loading of the plant is 1 year.
Estimated cost of filters is $ 1500. The constant and
periodic need to replace filters and financial costs can be
a serious obstacle in meeting the ash content requirements
in flue gases ejected from the plant.

Opportunities. A significant opportunity is using the heat
energy of the incinerator plant for heating water and hea-
ting the living quarters, since the unit is built on the basis
of the KBm(a)-2,0 boiler. According to the manufacturer’s
data, the thermal capacity of the boiler is 2000 kW, and
the area of the room that can heat is 20.000 m?.

Threats. The trapped radioactive contaminated ash
requires further handling of waste, namely the storage

ted/en/571081468206692053/Final-re-
port-fire-management-mission
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H3MEPEHHA BLIEPOCOB 30/1bl YCTAHOBKH D CMUTAHHHD
PARHOAKTHBHO 3ATPASHEHHOH APEBECHHKI

HUccnenoana abbeKTHBHOCTD MBLIEra3004HCTHOTO 060pyI0Ba-
HUs, yCTaHOBJIEHHOTO B I. YepHoObuib (YKpauHa) Ha MHCHHEPATO-
Dbl PAJIMOAKTUBHO 3arpsi3nenHoil apesecuubl KBm(a)-2,0. Jannas
yCTaHOBKA BKJtOYaeT B cebst rpyOyIo M TOHKYIO O4UCTKY (Tpymia
nukionoB tuna I[I1-15 u rpynma pykasubix ¢uiasrpos). B pe-
3yJIbTaTe MPOBEAEHHBIX KCIEPUMEHTAIBHBIX HCCIE0BAHMIT 110/
TBepsKAeHa 3P PEKTUBHOCTH PaGOTHI MBLIETA3004NCTHOTO 060PYI0-
BaHUs M JOCTUTHYTHI TPeOGOBAHUS MO BHIOPOCAM MHCHHEPATOPHOI
YCTaHOBKHM 3a KOHIlEHTpaImell 30711 10 4 mr/m>.

Kmouesste cnoBa: BHIOPOCHI 3arPSI3HSIONINX BEUIECTB, 9KOJIO-
rudecKre M3MepeHusi, UHCHHEPATOP PAJUOAKTHBHO 3arpsi3HEeHHOM
JIPEBECUHBI, TBLIEra3004UCTHOE 0GOPYIOBAHIE.
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DEVELOPMENT OF THE METHOD
FOR ASSESSING THE ACTION ZONES

OF HAZARDS IN AN EMERGENCY
AT A CITY FILLING STATION USING
GEOINFORMATION TECHNOLOGY

Excnepumenmanvno o6rpynmosano mexmonozivii 61acmugocmi ma CmpyKmypHo -Mexaniuni xapax-
MePUCMUKU 080UEBUX NACT NPU PIZHUX 2i0POMOOYLAX 00800HEHH NOPOWKIE 2i0p0OiOHMiE ma Laminapii.
Jocnioxceno enaus mpusaiocmi HAOPAKanus NOpouwKie 2iopobionmie ma 1aminapii Ha 61ACMuU8OCMmi
nacm. O6rpynmosano 6naus KOHUeHmpayii 2iopamosanux nopowkie iaminapii ma 2iopobionmie na
CMPYKMYPHO-MeXAHIUHT NOKASHUKU 080Uesux nacm. Busnaueno pauionanvnuil emicm ziopamosanux

nopowKie 3 raminapii ma ziopooionmis.

Kmouosi cnosa: crmpyxmypro-mexanivii XapaKxmepucmuru, 0804esi nacmu, NopouKu 2iopobionmis

ma naminapii, H0006MicHa CUPOBUNHA.

1. Introduction

The scientific and technological revolution (STR) du-
ring the XX-XXI centuries. caused a rapid development
of the industry, the emergence of new industries, which
has led to a redistribution of labor resources and the
intensification of urbanization throughout the world. The
general growth of the population led to the concentration
of technogenic objects, including potentially dangerous
ones, in metropolitan cities.

The process of forming security systems has become
much more complicated through two important circum-
stances that simultaneously led to the expansion of the
zones of the population’s defeat:

1) increase in the number and density of population,
to enhance its mobility, as well as the increase in the

size of urban areas leads to a constant decrease in the
distance from the potentially dangerous objects (PDO)
in residential development zone;

2) toxic explosion fier hazardous are substances ac-
cumulated in the PDOs in such quantities that the con-
sequences of accidents at these sites can be compared
with the effects of severe natural disasters (earthquakes,
tsunamis or hurricanes).

Maintaining the state of man’s technogenic security
on the priorities of a person’s safe life, a healthy and safe
environment is one of the most important tasks of the
state. An important element of technological safety of
the process is a procedure for assessing emergency risks
in PDO, which is enshrined in the Law of Ukraine «On
the major hazard», the Cabinet of Ministers of Ukraine
«On the identification of and declaring the security of
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